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IMPRUVEMBNT  OF  THE  HAHBOBS  OF  MOBILE,  ALABAMA,  AND  OF  PENSA- 
COLA  AND  CEDAB  KEYS,  FLOBIDA,  OF  TAMPA  BAY  AND  APALAOHICOLA 
BAY,  FLORIDA,  AND  OF  GEBTAIN  BIYEBS  IN  GEOBGIA,  ALABAMA. 
FLOBIDA,  AND  MISSISSIPPI  EMPTYING  INTO  THE  GULF   OF  MEXICO 


ilkport  of  captain  a.  x.  damrell,  corps  of  engixekrs.  jivr.  major, 
r.  s.  a.,  officer  in  charge,  for  the  fiscal  year  ending  june 
;>»,  is-o,  with  other  documents  relating  to  the  works. 

United  States  Engineeb  Office, 

Mobile^  Ala. J  August  16, 1880. 

(lENEBAL:  1  have  the  honor  to  transmit  herewith  annual  reports  for 
the  year  1879-'8U,  for  the  river  and  harbor  improvements  u'nder  my 
charge. 

Very  re8i>ectfully,  your  obedient  sen^ant, 

A.  N.  Dambell, 

Captain  of  Engineers. 
The  Chief  of  Enoineebs,  U.  S.  A. 


K  I. 

IMPBOVEMEXT  of  the  HAKBOR  at  mobile,  ALABAMA. 

As  early  as  1826  Gong:ress  made  an  appropriation  for  this  work,  and 
from  that  date  nntil  1857  a  total  of  $228,830.60  had  been  appropriated. 
Tbe  records  in  this  office  do  not  show  how  much  of  this  sum  was  ex- 
i^ended.  The  work  done  was  the  dredging  of  a  channel  200  feet  wide 
HDcl  10  feet  deep  through  Choctaw  Pass  Bar,  and  the  partial  dredging 
uf  a  channel  through  Dog  Biver  Bar  10  teet  deep  (width  not  known). 
Tbe  former  cut  had  shoaled  to  7^  feet  up  to  1860,  while  the  latter  was 
found  unchanged.  In  1870  it  was  found  that  a  narrow  channel  of  7^ 
f€i*t  depth  still  existed  through  Choctaw  Pass  Bar,  and  that  portions  of 
Dog  River  Bar  Channel  had  shoaled  to  8^  feet. 

Under  an  appropriation  of  $50,000  made  by  act  of  Congress  ap- 
proved July  11, 1870,  for  this  improvement,  dredging  operations  through 
these  bars  were  resumed  in  the  fall  of  the  same  year,  and  continued 
until  September,  1876,  under  a  total  of  appropriations  of  $401,000  to 
that  date.  This  amount  was  entirely  expended,  and  with  it,  by  dredging, 
a  channel  has  been  opened  13  feet  deep  at  mean  low-water  from  Mobile 
to  the  13-foot  curve  in  the  bay,  with  a  width  of  300  feet  through  Choc- 
taw Pass  Bar,  and  of  200  feet  through  Dog  Biver  Bar,  and  to  the  close  of 
the  present  year  this  channel  has  retained  its  original  depth.  A  state- 
meut  famished  me  by  the  pilots  shows  that  twenty  vessels,  drawing 
Itetween  13  and  14  feet,  have  passed  through  it  during  the  past  season. 

By  act  of  Congress  approved  June  18,  1878,  the  sum  of  $10,000 
wa8  appropriated  to  be  applied  to  making  tests,  surveys,  and  borings, 
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o  determine  whether  the  ship  channel  now  leading  from  the  lower  anchor- 
age in  Mobile  Bay  can  be  deepened  so  as  to  admit  vessels  drawing  22 
feet,  or  any  less  draught  above  13  feet,  to  the  wharves  of  the  city  of 
Mobile. 

Under  this  ai>propriation,  after  necessary  preparations,  field  work 
was  commenced  in  August  and  continued  until  the  close  of  thelastliscal 
year,  but  on  account  of  unfavorable  weather  could  not  be  completed. 
By  January  1, 1879,  the  work  had  far  enough  advanced  to  enable  me  to 
make  a  preliminary  report,  which  was  forwarded  January  7,  and  is  con- 
tained in  Ex.  Doc.  No.  38,  Forty-third  Congress,  and  by  act  of  Congress 
approved  Mar«h  3, 1879,  an  appropriation  of  $100,000  was  made  for  deep- 
ening the  channel  up  the  bay  to  17  feet. 

At  the  beginning  of  the  present  ftscal  year  the  surveying  party  en- 
gaged in  the  survey  of  this  bay  continued  their  work  by  Uiking  sound- 
ings, making  borings,  and  extending  the  survey  to  the  outer  bar,  and 
completed  their  labors  in  August,  1879,  when  flnal  reports,  maps,  &i'.« 
were  commenced. 

On  October  14,  1879,  a  final  report,  with  plans  and  estimates  for  ob- 
taining a  channel  of  17  feet  and  of  22  feet  depth,  submitting  several 
projects  for  contemplated  improvements,  were  forwarded  to  the  Chief  of 
Engineers.  This  i-eport,  as  well  as  my  preliminary  rei>ort  of  1879,  were 
submitted  by  the  Chief  of  Engineers  to  the  Board  of  Engineers  for  For- 
tifications and  for  Biver  and  Harbor  Improvements  for  consideration. 
By  letter  dated  February  4, 1880,  the  Board  of  Engineers  requested  to  . 
be  furnished  with  additional  information  in  regard  to  the  work,  which 
was  forwarded  by  letter  of  March  4,  1880. 

By  letter  dated  March  26,  a  coi)y  of  the  reiK)rt  of  the  Board  of  Engi- 
neers was  transmitted  to  me,  with  the  recommendation  of  the  Chief  of 
Engineers,  approved  by  the  Secretary  of  War,  that  the  appropriation 
made  by  the  river  and  harbor  act  of  March  3^1879,  for  improving  Mobile 
Harbor  to  secure  a  17-foot  channel,  be  applied  to  the  17-foot  channel 
recommended  by  the  Board  of  Engineers.  In  accordance  with  instruc- 
tions contained  in  the  same  letter,  the  following  project  for  the  prosecu- 
tion of  this  work  during  the  next  fiscal  year  was  submitted  by  letter  of 
March  3, 1880,  viz :  Dr^giug  the  present  channel  to  a  depth  of  17  feet 
and  a  width  of  200  feet  throughout  its  entire  length,  and  an  experi- 
mental cut  22  feet  deep,  100  feet  wide,  and  300  feet  long,  on  Dog  Eiver 
Bar ;  that  the  work  be  done  by  contract,  if  after  due  advertisement  sat- 
isfactory bids  could  be  obtained.  By  letter  dated  April  3, 1880,  this 
project  was  approved,  with  instructions  to  advertise  for  proposals.  Ad- 
vertisements were  published  under  date  of  April  17«  and  on  May  20, 1880^ 
five  bids  were  received,  which,  with  abstract  of  bids  (copy  of  which  is 
attached),  were  forwarded  to  the  Chief  of  Engineers  by  letter  dated 
May  21. 

These  proposals  being  deemed  unreasonably  high,  the  Chief  of  Engi- 
neers, by  letter  dated  May  31,  authorized  the  reflection  of  all  bids  and 
the  Boepeusion  of  further  action  in  the  matter  until  after  the  passage  of 
the  river  and  harbor  bill  pending  before  Congress.  By  act  of  Congress 
approved  June  14,  1880,  an  appropriation  of  $125,000  was  made  for  the 
fiscal  year  ending  June  30,  1881,  and  the  following  project  for  the  ex- 
penditure of  this  and  the  former  appropriation  of  $100^000  for  improv- 
ing Mobile  Harbor,  to  secure  a  17-foot  channel,  according  to  the  plan 
recommended  by  tlie  Board  of  Engineers,  the  Chief  of  Engineers,  and 
approved  by  the  honorable  Secretary  of  War,  viz : 

Dredging  the  present  channel  to  a  depth  of  17  feet  and  a  width  of  2(K> 
feet  the  entire  length,  and  an  experimental  cut  22  feet  deep  and  100  feet 
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wide  and  300  feet  long  on  Dog  Biver  Bar ;  to  advertise  for  bids  for 
ilredging  1,200,000  cubic  yards,  more  or  less,  or  until  the  appropriations 
of  (^5,000  are  exhausted,  and  if  a  satisfactory  bid  be  received,  that 
the  work  be  done  by  contract,  otherwise  such  dredging  machinery  and 
outfit  as  may  be  hereafter  approved  as  the  best  s^apted  for  the  work 
he  purchased,  and  the  work  carried  on  under  the  immediate  direction  of 
this  office. 

The  appropriation  of  $500,000  asked  for  for  the  fiscal  year  ending  June 
3<),  1882,  it  is  proposed  to  expend  in  continuing  and  completing  the  work 
of  dredging  a  17-foot  channel  200  feet  wide  from  the  lower  bay  to  the 
wharves  at  Mobile. 

The  estimated  coftt  for  the  completion  of  this  improvement  is $820, 000  00 

Appropriations  now  available 225,000  00 

Amount  required  for  completion 595,000  OO 

As  to  the  x>ermanency  of  this  improvement  when  completed,  or  the 
probable  cost  of  maintaining  the  depth  contemplated,  no  definite  opin- 
ion can  be  formed  until  the  larger  portion  of  the  work  has  been  completed. 

An  appropriation  of  $500,000  is  asked  for  for  the  fiscal  year  ending 
•Inne  30, 1882,  which  could  be  profitably  expended  in  completing  the  17- 
loot  channel,  200  feet  wide,  from  Mobile  to  the  lower  bay.  The  statistics 
famished  me  by  the  collector  of  the  port,  given  below,  will  show  the 
present  commerce  of  Mobile ;  352,391  bales  of  cotton  were  received  dur- 
ing the  year.  As  to  the  probable  increase  of  the  commerce  of  this  place^ 
npon  the  completion  of  a  deep-water  channel,  I  would  respectfully  refer 
to  my  final  report,  published  in  Ex.  Doc.  No.  64,  Forty-sixth  Congress,, 
^ecoIHI  session,  page  8. 

This  work  is  situated  in  the  collectiou  district  of  Mobile^  and  Mobile  is  the  port  of 
entrj*. 

The  following  statistics  have  been  furnished  me  by  the  collector  for 
fiscal  year  ending  June  30, 1880 : 

COMMERCIAL  STATISTICS. 


Vessels. 


''osrtwis*  anirals 

<'«sawiiw  cleAnuices 
inrrioMi  TAMels  entered 
Furvi^  vcMeb  entered  . . 
Ammmn  rtmeU  cleared 
FcpHcb  rcMelti  cleared. . . 


Toimafce. 


87 

24,926 

54 

18, 8M 

68 

22,075 

02 

40.422 

85 

23,93» 

71 

35,  M»^ 

^tloe  of  domestic  exports  to  foreign  countries  from  Mobile,  for  fiscal 
yewr  ending  June  30,  18d0 : $7,187,»75  OO 

Value  of  imports  of  foreign  goods  port  of  Mobile,  for  the  fiscal  year  end- 
uiff  JiuieaO,  1880 430,297  00^ 

Tout  amount  of  revenue  collected  at  port  of  Mobile,  for  fiscal  year  end- 
ingJaneSO,  1880. 63,946  09- 

Money  gtatement. 

JulTl,  1879,  amount  available $102,770  6*2 


.Uioant  appropriated  by  act  approved  June  14,  1880 125, 000  00 


$227,770  62 


Joly  1, 16^,  amount  expended  during  fiscal  year 2,886  62 

JqIt  1, 1880,  amount  available 224,884  00 


AsMNint  (eelimated)  required  for  completion  of  existing  project $595, 000  OO 

imoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    500, 000  OO 
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Abstract  of  bids  received  and  opened  May  20,  lH80,/of*  dredging  in  Mobile  Harbor,  Ala. 


No. 


] 
2 


3 

4 

6 


Name  of  bidder. 


JamoA  E.  Slanffhter 
S.N.Kimball 


^"^^^ard.*^"^^^!  ^^*  ^^  ooromenclng  work,  i  Time  of  completing  work. 


George  C.  Fobea  &  Co.j 

CbarleH  FltEaimons   . 
J.  W.  Rtimsey 


$0  26.0 
25 

24.9 

30 
27 


October  15, 1880 

Three  months  after  execu- 
tion of  contract. 

Ninety  days  after  signing 
contract. 

Not  given 

.^o 


October  15, 1881. 

One  year  from  date  of  com- 

m«icement  of  work. 
One  year  Irom  dat«  of  com- 

menoement. 
Not  given. 
I>o. 


SURVEY     OF     MOBILE     HARBOR,    ALABAMA,    WITH    REGARD     TO     ITS 

FURTHER   IMPROVEMENT. 

The  act  approved  June  18, 1878,  directed  the  amount  appropriated, 
$10,000,  to  be  applied  to  making  tests,  surveys,  and. borings  to  dleter- 
mine  whether  the  ship  channel  now  leading  from  the  lower  anchorage  in 
Mobile  Bay  can  be  deepened  so  as  to  admit  vessels  drawing  22  feet  or 
any  less  draught  above  13  feet  to  the  wharves  of  the  city  of  Mobile. 

Preparatory  work  was  commenced,  under  this  act,  on  the  12th  of  July, 
1878,  and  the  field  work  on  the  15th  of  August  A  preliminary  report 
was  made  on  the  7th  of  January,  1879,  which  is  contained  in  Senate  Ex. 
Doc.  No.  38,  Forty-fifth  Congress,  third  session.  The  work  was  termi- 
nated on  the  1st  of  Septemb^,  1879,  and  the  final  report  commenced. 

During  this  time,  in  addition  to  the  labor  of  collecting  outfit  and  or- 
ganizing, soundings  were  made  from  a  point  in  Mobile  River  opposite 
Beauregard  street,  near  the  upper  limit  of  the  city  of  Mobile,  down  the 
river,  and  through  the  channel  dredged  under  Congressional  appropria- 
tions from  1871  to  1877 ;  also  throughout  Oarrow's  Bend  {juat  below 
dhoctaw  Point)  and  down  the  western  shore  of  the  bay  to  Alabama 
Port  (the  nearest  point  on  the  mainland  to  deep  water) ;  thence  to  the 
18-foot  curve  in  the  lower  anchorage ;  across  the  upper  end  of  the  bay, 
across  the  lower  end  or  entrance,  and  at  various  other  points. 

Borings  were  made,  at  intervals  of  2,000  feet,  from  a  point  in  Mobile 
River  opposite  Government  street,  near  the  center  of  the  city  front, 
down  the  present  channel,  beyond  Dog  River  Bar,  and  from  there,  at 
inten'^als  of  a  mile,  about,  to  the  18-foot  curve  at  the  lower  anchorage, 
a  distance  (total)  of  about  27  miles.  Other  borings  were  made  along 
the  western  shore.  All  of  them  were  made  to  a  depth  of  26  feet.  A 
line  of  levels  was  run  from  Cedar  Point  ^the  extreme  southern  point  of 
the  western  mainland)  up  to  the  Mobile  and  Montgomery  Railroad 
Bridge,  across  Mobile  River  (above  the  city),  a  distance  of  about  46 
wiles. 

Triangulation  was  carried  over  the  entrance  of  Mobile  Bay,  including 
Ooffee,  Dixie,  Sand,  and  Pelican  islands,  east  end  of  Dauphin  Island, 
and  Mobile  Point,  over  that  iK)rtion  of  the  bay  included  between  the 
eastern  and  western  shores,  the  obstructions  on  the  south,  and  the 
mouths  of  the  Mobile,  Tensas,  Spanish,  Apalachee,  and  Blakeley  rivers 
on  the  north,  and  throughout  the  whole  length  of  the  Mobile  River. 

Cross-sections  and  current  observations  were  taken  of  all  the  above 
livers,  and  of  all  their  important  tributaries,  inlets,  and  outlets,  where 
practicable. 

Samples  of  water  were  obtained  at  various  times,  localities,  and  depths, 
in  rivers  and  bay,  and  tested  for  sediment. 

The  usual  office-work,  plotting  notes,  arrangements  and  study  of  data, 
•consumed  the  remainder  of  the  time. 
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The  results  obtained  from  the  work  are  as  follows : 

The  tide-gaage  observations  indicated  a  total  average  rise  and  fall  of 
3  feet  iu  the  bay ;  that  the  tidal  cnrrent  tends  towards  the  eastern  shore^ 
the  river  discharge  being  principally  carried  along  the  western  shore. 
As  farther  evidence  of  this,  the  eastern  shore  is  comparatively  free 
from,  while  the  western  is  covered  with,  accnmulations  of  drift  from  the 
rivers.) 

At  the  cut-off  in  the  Alabama  Eiver.  about  70  miles  above  the  head 
of  the  bay,  tidal  observations  indicated  a  rise  of  0.77  foot. 

The  soundings  showed  that  the  old  dredged  channel  has  maintained 
*Jie  depth  obtained  in  1877,  and  that  there  is  now  a  good  channel  of  13 
feet  depth  way  through. 

The  following  is  a  list  of  vessels  drawing  13  feet  and  over  that  ar- 
rived at  and  departed  from  Mobile  during  ten  months,  without  meeting 
any  difficulty  in  the  cut,  with  the  high  tides  for  the  (M)rresponding  dates, 
as  indicated  by  the  tide  gauges,  the  average  mean  lo\^  tide  reading 
beiDg%7'  1" : 


Name  of  Tesael. 


15 
18 


Oct. 


O 
16 


Svw,  10 
15 
19 


ISTlL 
Jaa.      7 
27 
Pebw      9 

4 

5 

8 

!• 


13 


11 

4 
4 


Schooner  Mftry  J.  Cook 

Ship  Kate  Davenport ■ 

Schooner  Normajida 

Brig  BnUy  T.  Sheldon 

Ship  Lapwing  Heyen 

Itei^  Alfred 

Biu-k  Henrr  Norwell 

BrifE  JohnD.  Tnpper 

Bark  Jen«  Brandl 

BwkPrim , 

Schooner  Annie  8.  Connent 

Bftrk  ChrisUuub 

Brig  Alton 

Ocfnma 

Detmar 

Mete 

EidsiT* 

Schooner  Annas 

BM-kYmcholo  

Bnrfc  Bnhraim  Willtama 

Bark  Welaka 

BwkKedlor   

Schooner  L.  P.  Whitmore 

BarkZeoUma , 

Bark  Creioent' «. 

Schooner  Bennte  Carleton 

Bark  Hans  Thies 

BrigPaciflo 

Schuottcr  Geo.  W.  Tocbenow , 


nranght. 

Average 
hitfh-tide. 

Fui.  In, 
13    0 
13    6 
13    6 
13    0 
13    0 
13    0 
13    0 
13    0 
13    0 
13    0 
13    0 
13    0 

13    0 
13    0 
18    0 
13    0 
13    0 
18    0 
13    0 
13    0 
13    0 
13    0 
13    0 
13    6 
13    0 
13    6 
13    0 

13  0 

14  0 

¥uL  In. 

7    00 

7    30 

8    40 

8    20 

8    30 

7    90 
7    65 

7    75 

7    4& 

6    85 

8    30 

6    70 

0    10 

7    55 

7    30 

7    35 

••f • • - • • 

7    50 

6    50 

7    35 

8    00 

8    05 

7    30 

8    30 

8    40 

7    30 

8    30 

8    00 

8    10 

8    10 

The  banks  of  the  cut  were  also  found  generally  unchanged. 

The  water  in  Mobile  Biver,  below  Beauregard  street,  has  about  the 
ame  depth  for  navigable  purposes  as  in  1871,  except  at  its  mouth,  where 
the  depth  ap[)ears  to  be  increasing  on  the  east  bank,  at  Pinto  Point,  and 
decreasing  on  the  west  bank,  at  Choctaw  Point,  outside  of  the  dredged 
channel,  however.  In  Garrow's  Bend  the  water  is  shoaling  rapidly  in 
toward  the  shore,  probably  caused  by  the  jetties  constructed  by  State 
aathorit>'  there  in  1872.  Generally  speaking,  no  material  changes  were 
found  in  the  body  of  the  bay.  The  borings  everywhere  indicated  about 
the  same  condition  of  the  bottom  for  the  same  depths.  Sand  mixed 
with  mud  and  shells  to  a  depth  of  about  14  feet,  and  below  this  to  the 
depth  of  26  feet,  the  extent  of  the  borings,  a  stiff  tenacious  clay,  hard 
on  top  and  softer  below.  The  same  formation  was  found  on  the  bluff 
banks  of  the  western  shore,  the  clay  being  from  12  to  15  feet  from  the 
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surface  or  about  the  water  level.  The  line  of  levels  indicated  a  fall  of 
only  0.75  of  a  foot  in  46  miles. 

The  principal  features  shown  by  the  triangulation  are  the  extensive 
'Changes  that  have  taken  place  since  1856^  the  date  of  the  last  Coast  Sur- 
vey chart ;  1st,  at  the  entrance  of  the  bay  in  the  formation  of  the  two 
islands,  "Coffee"  and  '*  Dixie,"  to  the  east  of  Sand  Island,  and  on  the 
opposite  side  of  the  main  ship-channel,  the  change  in  form  and  extent 
of  Sand  Island,  the  large  diminution  in  area  of  Pelican  Island,  the  wash- 
ing away  of  the  northerly  beaches  of  Dauphin  Island  and  Mobile  Point, 
and  the  deposit  on  the  corresponding  south  beaches. 

2d,  At  the  head  of  the  bay  in  the  extension  of  the  river  mouths  and 
their  bars  to  the  southward.  The  cross-sections  and  current  observa- 
tions indicate  an  aggregate  discharge  of  over  100,000  cubic  feet  per  sec- 
ond by  the  rivers  into  the  bay. 

The  sediment  observations  gives  100  grains  of  sediment  to  the  cubic 
foot  of  water  as  the  average  amount  in  the  rivers,  and  decomposed  veg- 
etable matter  as  the  principal  component. 

Before  stating  the  conclasions  arrived  at,  or  opinion  formed,  I  would 
state,  it  was  not  considered  the  intent  of  Congress  to  restrict  the  survey 
to  a  study  of  only  a  single  project,  although  that  idea  might  seem  to  be 
conveyed  by  the  wording  of  the  act,  and,  therefore,  all  were  considered 
which  had  at  different  times  been  suggested  (so  far  as  I  could  learn)  or 
occurred  to  me,  for  the  relief  of  the  commerce  of  this  port,  as  follows : 

I.  Making  a  harbor  on  the  south  of  Dauphin  Island  and  connecting  it 
with  Mobile  by  rail. 

II.  Making  a  harbor  on  the  north  side  of  Dauphin  Island  with  rail- 
road connection. 

III.  Making  a  harbor  at  Alabama  Port  with  same  connections. 

IV.  Making  a  canal  inland  from  Mobile  to  Alabama  Port. 

V.  Damming  all  but  one  river,  improving  that  one,  and  directing  its 
discharge  into  the  bay  with  the  expectation  of  its  scouring  its  way  to 
deep  water. 

VI.  Using  the  tidal  current  for  scouriug  a  channel  by  training  its 
flow  between  the  entrance  and  upper  end  of  the  bay  between  paralled 
walls. 

y  II.  Dredging  a  channel  through  the  bay,  following  the  line  of  deepest 
water,  and  carrying  the  dredged  material  to  a  safe  distance. 

YIII.  Dredging  and  scouring  a  channel  through  the  bay  by  damming 
all  but  one  outlet,  contracted  to  a  proper  width,  and  training  the  flow 
between  artificial  parallel  banks  to  deep  water  or  tidal  channel,  and 
dredging  out  or  stirring  up  all  material  that  would  not  scour. 

The  first  four  projects  are  not  believed  to  be  desirable  by  themselves 
(although  the  last  should,  and  probably  will  at  some  future  time,  be  carried 
out  by  private  enterprise,  and  would  be  of  great  importance  in  connec- 
tion with  the  work  recommended),  and  this  was  considered  so  apparent 
on  account  of  the  evident  cost,  direct  and  indirect,  in  necessary  construc- 
tion and  depreciation  of  values  in  the  present  city,  that  they  are  pajssed 
over  with  mere  mention. 

The  fifth  project  would  not,  in  my  opinion,  prove  successful.  The 
sixth,  I  think,  could  be  carried  out  to  a  successful  conclusion,  but  the 
cost  would  be  very  great. 

The  seventh  project  is  a  continuation  of  the  one  that  has  been  per- 
sistently followed  since  1827,  by  which  the  water  has  been  deepened 
from  a  minimum  depth  in  Choctaw  Pass  of  5  feet  6  inches,  and  on  Dog 
River  Bar  of  8  to  13  feet  throughout.    The  success  of  this  plan  so  far 
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;>ruves  the  sagacity  of  the  various  engineers  who  have  advocated  it,  and 
I  can  see  no  good  reason  why  it  cannot  be  carried  still  farther,  in  obtain- 
ing still  greater  depths,  and  be  equally  successful. 

The  eighth  project  is  a  combination  of  the  two  principal  ones  which 
have  been  continually  agitated  since  1827. 

Each  one  has  had  many  strong  and  able  believers,  who  have  asserted 
tiM*  siii)eriority  of  one  or  the  other  method,  verbally  or  in  print. 

The  great  objection  urged,  heretofore,  against  the  dredging  system 
\i'i»  been  that  a  cut  made  in  the  midcSe  of  a  large  shoal  bay,  receiving 
aunnaliy  from  its  tributaries  immense  quantities  of  sediment,  and  trav- 
♦•rsed  by  a  complicated  system  of  river  and  tidal  currents,  due  to  winds, 
rides,  and  river  discharges,  would  rapidly  fill  up.  This  argument  has 
liven  disproved  by  the  facts  to  the  present  time. 

The  principal  objections  to  the  scouring  system,  or  combined  scouring 
and  dredging,  has  been  the  great  cost  of  training  the  flow  of  river  water 
tbroQgh  the  bay  a  sufficient  distance  to  accomplish  the  desired  result, 
the  perishable  nature  of  such  training- walls,  if  built  of, such  materials 
as<x>ald  be  obtained  at  a  reasonable  expenditure,  and  the  probable  for- 
iitation  of  a  bar  at  the  ends  of  the  dikes  or  jetties. 

As  the  scouring  power  of  the  large  volume  of  water  daily  discharged 
l»y  the  various  rivers  into  Mobile  Bay  seerae<l  generally  to  be  recognized 
by  all  euguieers  who  have  ^\Titten  or  expressed  opinions  in  the  matter, 
a  lK)rtion  of  the  time  consumed  in  the  survey  was  devoted,  and  a  great 
(l^al  of  study  given,  to  ascertain  if  there  was  any  way  to  utilize  this  force 
that  would  be  free  from  the  objections  mentioned,  with  results  as  fol- 
lows: 

The  river  water  can  be  all  emptied  into  Mobile  Bay  through  one  mouth 
i»f  proper  cross-section  at  Choctaw  Point,  either  by  damming  all  outlets 
hut  Mobile  River,  at  their  heads  or  at  their  mouths,  at  a  comparatively 
small  cost.  Thence  through  the  bay  parallel  walls  would  have  to  be 
oi)D8tructed  to  near  a  point  where  the  tidal  current  sweeping  by  their 
tuds  would  be  strong  enough  to  prevent  the  formation  of  a  bar.  There 
is  Huch  a  ])oiut,  and,  therefore,  the  last  objection  has  no  weight.  To  re- 
place the  force  of  the  others,  it  is  suggested  they  might  be  built  of  brush 
HtMi  piles,  of  which  there  is  an  unlimited  supply,  of  easy  access,  along 
the  whole  length  of  the  western  shore  below  Dog  Kiver  Point,  to  be 
tovered  first  with  material  excavated  from  the  bottom  with  a  dredge- 
^^U  and  afterwards  in  the  more  exposed  parts  with  stone  ballast  from 
vessels  arriving,  or  from  quarries  up  the  river,  and  that  the  channel  l)e 
'.arried  so  near  the  western  shore  that  but  one  strong  dike  need  be  built 
"t  the  fall  extent;  the  length  of  the  other  being  materially  reduced  by 
^  ])ortion  of  the  western  shore  which  might  be  utilized,  and  the  cost 
"f  ^ch  as  had  to  be  built  reduced  to  a  minimum,  by  the  fact  that  as  it 
»ould  not  be  exposed  to  rough  water  a  simple  inexpensive  construction 
^ould  answer. 

The  amount  that  would  be  removed  by  scour,  and  the  amount  that  would 
have  to  be  dredged  after  the  construction  of  the  training- walls,  I  am  not 
preiiared  to  answer,  although  1  am  clearly  of  the  opinion  that  the  mat- 
Jt^r  is  worthy  of  consideration,  and  even  of  experiments,  if  necessary, 
'Hore  undertaking  the  further  improvement  of  Mobile  Bay.  As  the 
'iiaracter  of  the  improvement  and  the  amount  that  can  be  profitably 
*  xpeiuled  on  it  depends  upon  the  commerce,  present  and  prospective, 
^hat  Is  to  be  providetl  for,  such  reliable  information  as  1  have  been  able 
^'»  obtain  is  here  given  as  to  the  former  and  facts  and  opinions  regard- 
'■'ir  the  latter.    The  work  is  situated  in  the  collection  district  of  Mobile, 
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and  Mobile  is  the  port  of  entry.    Its  commercial  statistics,  as  furnished 
by  the  collector  of  customs  for  the  last  fiscal  year,  is  as  follows : 


Coastwise  arrlvalB 

Coastwise  clearances 

American  vessels  entered 
Foreitp  vessels  entered. . . 
American  vessels  cleared . 
Foreign  vessels  cleared . . . 


Vessels. 

Tonnage. 

86 

15.  981 

51 

15,  073 

R2 

26,609 

58 

36,933 

64 

21,  O'JS 

4» 

30,888 

DOMESTIC  EXPORTS. 

American  vessels #2, 436, 793 

Foreign  vessels 3,781,025 

Total 6,219,818 

The  Mobile  Cotton  Exchange,  in  its  annual  statement  dated  Septem- 
ber 1, 1879,  giv^s  a  clearer  idea  of  the  business  of  the  port,  and  from  it 
is  condensed  the  table  given  below : 

COTTON  RECEIPTS  1878,  1879,  AT  MOBILE. 

Bales. 

Alaba-oa  River 41,606 

Bigbee  River 61,741 

Warrior  River 26,488 

Mobile  and  Ohio  Railroad 138,874 

Mobile  and  Montgomery  Railroad 91,977 

Wagon 1,822 

Total 362,408 

Coffee  importatiotUf  1879.— Eight  cargoes 29, 725  bags. 

NAVAL  STORES — RECEIPTS  ANI>  VALUES — 1878,  1  .'•79. 


Barrels. 


Valnes. 


Rosin 1  148,500 

Turpentine 21,118 

T*r I  260 

Pitch.... I  2,500 


$265,492 

232,298 

750 

6,000 


LUMBER,  TIMBER,   COAL,  ETC.— 1^78,  1879. 

Lumber feet.. 

Staves 

Shingles ., 

Hewn  timber cubic  feet. 

Sawed  timber do  — 

Pennsylvania  and  English  coal tons.. 

Alabama  coal do.... 

Fish  and  oysters value. 

Vegetables,  shipments  in  1878,  1879 do 

Sau,  imported sacks. 

Wool;  received pounds.. 


11,011,645 

120, 052 

3, 682, 550 

245, 507 

65.519 

3,352 

3, 015 

1127,900 

11168, 778 

50, 5'20 

500,000 

In  this  coDuection  perhaps  should  be  mentionetl  the  existence  of  three 
cotton  and  woolen  mills  in  Mobile  and  vicinity,  as  showing  a  fair  com- 
mencement in  an  important  manufacturing  industry,  and  the  organiza- 
tion of  a  steamship  company  for  the  purpose  of  establishing  a  line  of 
steamships  to  ply  between  Mobile  and  Liverpool.  The  iirst  steamer  for 
this  line  is  already  under  construction. 

The  country  tributary  to  Mobile  should  include,  it  would  seem,  the 
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whole  Mobile  or  Alabama  River  basin,  inclnding  the  greater  part  of 
Alabama  and  a  portion  of  Mississippi  and  Georgia,  to  say  nothing  of 
possible  extension  by  an  enterprising  ose  of  railroads  already  bnilt  and 
cooiDienoed,  and  canals  already  surveyed  for. 

4The  Alabama  basin  contains  approximately  33,000  square  miles.  The 
anuiial  average  rainfall  is  given  by  the  Signal  Service  records  as  4 J  feet, 
making  over  the  whole  basin  about  28  cubic  miles  of  water.  This  mass 
rtf  water,  after  meeting  with  the  usual  losses  from  evaporation.  &c.,  flows 
through  the  Oostenaula  and  Etowah,  Coosa,  and  Tallapoosa,  Little  Tom- 
bi{;bee,  Sipsey,  and  Black  Warrior,  Tombigbee,  and  Alabama,  and  other 
minor  streams  into  the  Mobile,  which  carries  all  the  water  in  a  single 
stream  for  about  5  miles,  with  an  average  width  of  1,050  feet  and  depth 
of  SQyij  feet;  it  then  divides  and  subdivides,  finally  discharging  into 
Mobile  Bay  an  aggregate  of  about  100,000  cubic  feet  per  second,  through 
tire  months,  the  Blakeley,  Appalachee,  Tensas,  Spanish,  and  Mobile 
forming  a  delta  containing  about  250  square  miles,  186  of  which  (about) 
L<  heavily  timbered,  the  balance  being  marshy. 

Tlie  river  discharge  then  passes  through  Mobile  Bay,  which  has  an 
area  of  about  375  square  miles,  and  finally  reaches  the  open  Oulf  through 
tbive  outlets,  the  main  one  between  Sand  Island  and  Dixie  and  Coffee, 
the  others  being  between  Coffee  and  Dixie  and  Mobile  Point,  and  be- 
tveen  Dauphin  Island  and  Sand  Island.  There  is  still  another  outlet 
luto  Mississippi  Sound,  between  Dauphin  Island  and  Cedar  Point. 

The  rivers  mentioned  draining  this  basin  are  all  navigable,  or  suscep- 
tible of  improvement,  so  as  to  l^  made  navigable,  a  total  length  of  over 
1.5()0  miles,  reaching  and  passing  through  a  country  which  has  a  capa- 
city for  producing  over  1,000.000  bales  of  cotton;  supplies  of  coal  and 
irou  that  will  compare  favoraoly  in  character  and  extent  witti  those  of 
any  other  section  of  this  country;  building  material,  as  granite,  marble, 
^meiss,  limestone  (and  various  other  mineral  elements  of  wealth),  and 
lamber.  All  these  are  accessible  to  'water  transportation  by  the  river 
routes  previously  referred  to,  and  when  the  improvements  already  in 
progress  are  completed  coal  should  be  delivered  in  Mobile  at  a  cost  of 
^-  per  ton,  and  the  other  articles  at  sufficiently  low  rates  to  allow  of 
^nccessful  competition  with  any  other  port  on  the  Gulf  of  Mexico. 

In  fact,  though  the  Mobile  Basin  is  insignificant  when  compared  with 
that  of  the  Mississippi,  it  is  so  merely  on  account  of  its  inferior  size,  and 
I  question  whether  there  is  any  continuous  area  of  the  Mississippi  Valley, 
'»f  the  same  extent,  that  has  been  so  bountifully  supplied  by  the  Almighty 
'fith  the  elements  of  wealth  and  progress.  It  is,  in  my  opinion,  to  be 
i<^  important  a  factor  in  the  future  of  the  country  as  any  continuous 
15(^1  miles  of  the  Mississippi  River  or  its  navigable  tributaries,  with  the 
•ijacent  country. 

The  cost  of  all  the  improvements  required  to  develop  the  resources  of 
this  basin,  it  is  believed,  will  be  considerably  less  than  that  expended 
'»y  Pennsylvania  in  water  routes  from  the  mines  in  Philadelphia. 

Mobile,  a  city  at  present  of  about  40,000  inhabitants,  is  situated  at 
^hp  junction  of  the  river  system  with  Mobile  Bay,  on  the  west  bank, 
'>uly  L*7  miles  from  a  good  channel  of  least  depth  of  22  feet,  and  only  36 
iiiies  from  the  deep  water  in  the  open  gulf. 

It8  growth  has  been  continuous,  though  spasmodic,  since  its  settle- 
iieut  on  the  present  site  in  1711. 

It  has  a  railroad  system  already  completed,  giving  competitive  routes 
» ith  the  rivers  to  the  lumber,  cotton,  coal,  and  iron. 

With  the  present  commerce,  therefore,  as  a  basis,  and  the  resources  and 
'niu.Hportation  referred  to  and  a  deep  channel  to  the  sea,  there  is  more 

OTe 
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than  an  ordinary  probabilit}-  that  the  commerce  of  the  port  would  iu  a 
few  years  be  increased  at  least  100,000  bales  of  cotton,  1,000,000  tons  of 
coal,  10,000,000  cubic  feet  of  lumber  (lumber  is  now  being  towed,  and 
transported  by  rail  from  Mobile  Bay  to  Pensacola  for  shipment). 

In  view  of  the  large  commerce  present  and  prospective,  and  the  fact 
that  the  development  of  the  lumber  trade  depends  for  its  greatest  suc- 
cess upon  as  deep  a  channel  as  possible,  I  think  no  project  should  be 
adopted  looking  to  a  less  depth  than  21  feet  at  mean  low-tide,  which  at 
presents  exists  on  the  outer  bar. 

The  particular  method  of  improvement  should,  in  my  opinion,  be,  as 
already  suggested,  either  by  dredging  a  channel  of  sufficient  depth  and 
width  from  the  river  to  the  anchorage,  following  the  line  of  deepest 
water  and  carrying  the  dredged  material  to  a  distance,  or  to  confine  the 
entire  river  discharge  to  a  single  channel  through  the  bay,  to  a  point 
where  the  tidal  current  sweeping  in  and  out  of  Mobile  Bay  is  sufficiently 
strong  to  carry  away  any  sediment  brought  down  by  the  river  current, 
and  dredging  out  any  material  that  might  not  be  removed  by  the  scour- 
ing power  of  the  water. 

In  this  connection  it  should  be  borne  in  mind  that  the  amount  of 
tidal  water  which  passes  from  the  Gulf  into  the  bay,  and  back  into  the 
Gulf,  every  twenty-four  hours  with  the  ebb  and  flow  of  the  tide  is  more 
than  twice  as  great  as  that  discharged  by  the  rivers,  and  that  the  out- 
let is  so  contracted  that  a  very  deep  channel  has  been  formed. 

The  former  has  the  success  of  previous  work  done  in  the  bay  in  its 
favor,  but  the  disadvantage  of  being  a  narrow  channel,  in  the  middle  of 
a  wide  bay,  exposed  to  cross  winds  and  currents,  making  its  navigation 
difficult  at  times,  and  rendering  it  possible  that  large  expenditures 
might  be  required  at  some  future  time  to  remove  deposits  that  might 
take  place. 

The  latter  would  have  the  apparent  advantage  of  turning  24  miles  of 
bay  into  river  navigation — allowing  raits  of  lumber,  or  barges  of  coal, 
iron,  or  any  such  product,  to  proceed  to  the  lower  end,  and  meet  sailing 
vessels  at  Alabama  Port,  within  15  miles  of  the  open  Gulf,  to  which 
point  they  could  sail — of  positive  permanency  when  once  fully  accom- 
X)lished,  and  possibly  of  greater  economy  in  the  end,  if  the  construction 
of  the  necessary  dams,  dikes,  and  shore  jetties  will  cause  the  current  to 
do  most  of  the  work  of  excavation ;  a  reasonable  supposition,  I  think, 
as  a  glance  at  the  map  shows  that  the  river  has  built  its  own  banks,  and 
scourod  out  between  down  a  distance  of  over  40  miles  of  delta,  and  is 
now  opening  its  way  in  the  same  manner  down  the  bay  at  an  average 
rate  for  the  past  13  years  of  over  100  feet  per  annum,  .through  5  outlets, 
using  its  sediment  to  build  banks  for  each,  which  in  turn  confine  the 
water  to  produce  the  scour. 

If,  however,  the  river  water  would  not  scour  with  the  rapidity  or  to  the 
extent  desirable,  the  fact  remains  that  still  the  amount  to  be  drcKlged 
would  be  much  less  than  double  the  amount  required  in  the  other  case, 
whereas  the  cost  should  not  exceed  one-half  as  much  per  cubic  yard,  for 
the  following  reasons:  On  the  deep-water  line,  near  the  middle  of  the 
bay,  the  material  dredged  would  have  to  be  carried  by  tugs  and  scows 
an  average  distance  of  over  three  miles,  for  deposit,  to  prevent  its  wash- 
ing back  in  the  cut.  On  the  western  shore  line,  with  the  dikes,  &c.,  the 
material  would  be  deposited  by  the  dredges  immediately  on  them  or 
alongside  the  channel.  Again,  in  the  former  case,,a  great  deal  of  time 
would  be  lost  and  damage  sustained  either  by  being  compelled  to  sus- 
pend work  on  account  of,  or  by  attempting  to  work  in,  rough  water, 
whereas,  in  the  other  case,  the  dredge  would  be  working  under  the  pro- 
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t6Ctiou  of  the  western  shore,  on  one  side,  and  the  dike  on  the  other,  or 
in  comparatively  smooth  water.  There  is  a  question  also  whether  a 
ebannel  inshore,  protected  by  banks  on  both  sides,  100  feet  wide  would 
not  be  better  than  one  200  feet  wide  in  the  middle  of  the  bay  without 
snch  protection,  with  a  clear  reach  of  6  miles  (average)  open  water  on 
the  sides,  to  produce  rough  water  and  cross  currents,  and  length  of  27 
miles. 
The  estimated  cost  of  the  work  by  the  first  system  is  as  follows : 

For  a  channel  with  a  width  of  200  feet  and  depth  of  17  feet : 
Dretlging,  4,100,600  cubic  yards,  at  20  cents  per  cubic  yard $820, 000  00 

For  a  channel  of  the  same  width  (not  considered  sufficient,  however), 
and  22  feet  deep : 

Drwlgfng  9,900,000  cubic  yards,  at  20  cents  per  cubic  yard 1 ,  980, 000  00 

The  estimated  cost  of  the  other  system  is  as  follows : 

Foradam  across  the  Apalachee  River $15,000  00 

For  a  training-wall  from  lower  end  of  cast  bank  of  Tensas  River  to  lower 

bay,28  miles,  at  $2:^,812 666,7^6  00 

Dredging  a  channel  100  feet  wide,  21  feet  deep,  24  miles  long,  7,509,312 

cubic  yards,  at  15  cents 1, 126,396  80 

Ailditional  spur-dikes  and  jetties,  5  miles  long,  at  $10,000 50, 000  00 

Total 1,858,132  80 

CuDtingencies  and  superintendence,  10  per  cent 185, 813  28 

Grand  total 2,043,946  08 

Ad  experiment  might  possibly  be  made  at  a  reasonable  cost  at  one  of 
the  river  months  that  would  determine  approximately  the  amount  of 
scour  for  a  given  time  that  might  be  expected,  on  which  the  success  or 
failare  of  the  combined  scouring  and  dredging  system  depends.  In  con- 
clusion, I  would  recommend  that  the  subject  be  referred  to  the  Board 
of  Engineers  for  Harbor  and  Eiver  Improvements  for  their  consideration^ 

There  is  forwarded  herewith — 

I.  A  map  of  the  delta  of  Mobile  River  and  Bay,  of  which  the  parts  previously  referred 
to  are  from  the  survey  made,  the  rest  being  a  compilation  from  the  best  authorities. 

It  A  map  showing  work  previously  accomplished  and  present  condition  of  channel 
dredged  nnder  former  appropriations,  and  location  of  proposed  improvements  for  se- 
enring  a  deeper  channel. 

Skeleton  map  of  Mobile  Baain,  cross-sections  of  the  various  rivers,  and  tables  of 
coirent  and  sediment  observations. 

Respectfully  submitted. 

A.  N.  Dambell, 

Captain  of  Engineer^. 


letter  of  the  ohief  of  engineers. 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
Washington^  D.  C,  March  16, 1880. 

Sir:  Referring  to  my  letter  of  the  11th  instant,  submitting  copy  of 
rejiort  of  Capt.  A.  N.  Damrell,  Corps  of  Engineers,  en  the  survey  of  the 
luirlwr  of  Mobile,  Ala.,  with  a  view  to  its  further  improvement,  provided 
for  in  the  river  and  harbor  act  of  June  18, 1878,  and,  in  connection  there- 
•ith,  I  beg  leave  now  to  submit  a  copy  of  report,  with  accompanying 
tnap,  from  the  Board  of  Engineers  for  River  and  Harbor  Improvement, 
to  which  the  report  of  Cap&in  Damrell  was  referred  for  consideration. 

Xa  the  approimation  of  (100,000  made  by  the  river  and  harbor  act  of 
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March  3, 1879,  limited  the  depth  of  channel  to  be  secured  to  17  feel, 
the*view8  of  the  Board  were  also  requested  upon  the  proper  application 
of  this  sum. 

It  will  be  perceived  that  the  Board  recommends  that  if  17  feet  depth 
will  satisfy  the  shipping  interests  of  the  port,,  this  depth  be  attained  by 
dredging  the  present  channel.  At  the  same  time  it  presents  an  approxi- 
mate estimate  of  the  cost  of  securing  a  channel  of  22  feet  depth,  from 
the  lower  anchorage  of  Mobile  Bay  to  Garrow's  Bend  and  to  the  wharves 
of  the  city  of  Mobile. 

I  beg  leave,  therefore,  to  advise  that  the  application  of  the  appropria- 
tion of  March  3, 1879,  to  the  17-foot  channel  recommended  by  the  Board, 
be  authorized  by  you,  as  the  channel  of  that  depth  is  understood  to  be 
concurred  in  by  the  business  interests  of  Mobile  as  satisfying  th^  pres- 
ent shipping  needs  of  that  port. 

I  would  further  suggest  that  the  report  of  the  Board  be  transmitted  to 
the  House  of  Kepresentatives  for  the  information  of  the  Committee  on 
Commerce  in  connection  with  the  report  of  Captain  Damrell  above  re- 
ferred to. 

Very  respectfully,  your  obedient  servant, 

H.  G.  Wright, 

Chief  of  Engineer 8 J 
Brig,  and  Bvt.  Maj.  Gen. 
Hon.  Alexander  Ramsey, 

Secretary  of  War, 


REPORT  OF  BOARD  OP  ENaiNEERS. 

Office  of  Board  of  Enoineers  for  Fortifications 

and  for  rrver  and  harbor  improvement, 
Army  Buildingj  Netc  Yorlcy  February  28,  1880. 

General  :  The  river  and  harbor  act  of  June  18,  1878,  appropriated 
810,000  to  be  applied  "  to  making  tests,  surveys,  and  borings  to  deter- 
mine whether  the  ship  channel  now  loading  from  the  lower  anchorage 
in  Mobile  Bay  can  be  deepened  so  as  to  admit  vessels  drawing  22  feet, 
or  any  less  draught,  above  13  feet,  to  the  wharves  of  the  city  of  Mobile. 

This  duty  devolved  upon  Capt.  A.  N.  Damrell,  Corps  of  Engineers,  in 
charge  of  the  improvement  of  Mobile  Harbor  and  Bay.  His  preliminary 
report  thereon,  made  in  January,  1879,  was  followed  in  October  by  a 
full  report,  with  plans  and  estimates  for  obtaining  a  channel  of  17  feet, 
and  of  22  feet  depth  from  the  fleet  anchorage  through  the  bay  into  Mobile 
Kiver.  These  have  been  sent  to  this  Board  by  your  letter  of  Noveml)er 
13, 1879,  for  consideration  and  report. 

The  following  brief  description  of  the  locality  in  question  and  notice 
of  the  works  of  improvement  connected  therewith,  as  already  executed, 
seem  essential  to  a  clear  understanding  of  the  problem  under  consider- 
ation. The  river  Mobile,  at  the  delta  formation,  has  several  outlets,  two 
of  which,  the  Tensas  and  Spanish,  unite  to  pour  their  waters  in  one  mass 
into  the  bay  in  close  vicinity  to  the  mouth  of  the  third  outlet,  called 
Mobile  Kiver,  on  which  lies  the  city  of  Mobile.  Along  the  wharf  front 
of  this  city  the  river  depth  varies  (at  high-water)  from  about  19 J  to  22 
feet,  this  latter  also  being  the  depth  over  the  outer,  or  sea  bar.  1jo>\  er 
down  at  the  bend,  near  Choctaw  Point,  the  depth  is  rather  greater. 
Just  outside  of  the  mouth  of  this  outlet  there  has  always  existed  a  san<l- 
bar,  known  as  ChoctJiw  Bar.    Dog  liiver  Bar  is  about  3  miles  from  i\w 
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liver  months,  and  seems  to  be  formed  by  sedimentary  deposition  of 
the  fine  material  brought  down  by  all  the  branches  of  the  stream 
From  thiH  bar  the  bottom  of  the  bay  slopes  down  to  the  13-foot  ourve  for 
J  distance  of  about  6  miles,  and  thence  has  a  plateau  formation  of  about 
15  miles  extent,  reaching  to  within  3  miles  of  the  fleet  anchorage. 

Froni  the  most  reliable  testimony  that  can  be  obtained  Dog  Biver  Bar 
lias  not  shoaled,  nor  has  the  bay,  during  the  past  50  years,  ^o  accurate 
maps  of  a  sufficiently  early  date  exist  to  establish  this  point  indisputably. 
The  greatest  depttt  of  water  on  Choctaw  Bar  in  1828-'29  (by  verbal 
testimony)  was  5J  feet.  During  that  period  it  was  dredged  to  give  a 
i-hannel-way  of  8  feet,  and  in  1838-'39  was  again  deepened  to  10  feet, 
but  having  been  left  undisturbed  for  the  succeeding  21  years  the  bar 
re-formed  so  as  to  give  a  depth  of  7 J  feet  only  in  1860.  The  excavation 
to  the  same  depth  on  Dog  Biver  Bar,  made  in  1854,  gave  no  indication 
of  fiUing.  It  thus  appears  that  while  Dog  Biver  Bar,  so  called,  and  the 
bed  of  the  bay  shoal,  if  at  all,  so  slowly  as  to  be  unnoticeable,  the  exca- 
vated channel  through  Choctaw  Bar  refilled  at  an  average  rate  of 
abont  1 J  inches  a  year.  In  view  of  the  above  facts  the  Board  of  Engi- 
nears  that  in  1872  considered  this  question  of  deepening  the  channel  of 
approach  to  the  city  of  Mobile  did  not  think  that  a  permanent  improve- 
ment, in  the  strict  sense  of  the  term,  could  be  reached.  It  was  their 
opinion  that  any  channel  excavated  through  Choctaw  Bar  would  require 
dredging  from  time  to  time  to  keep  it  open  to  the  depth  needed.  They 
nevertheless  recommended  the  trial  of  dredging  to  obtain  a  depth  of  13 
feet  through  Choctaw  Bar  and  Dog  Biver  Bar  southward  in  the  bay  to 
the  13-foot  curve.  That  recommendation  has  been  effectively  carried 
out,  the  depth  of  13  feet  being  attained  during  the  year  1877.  By  the 
testimony  of  Captain  Damrell,  who  has  had  charge  of  this  improvement 
since  April,  1873  (see  his  rei)ort  of  October  14, 1879),  there  was  no  evi- 
dence of  filling  either  in  the  channel  exoavated  through  Choctaw  Bar  or 
in  tibat  in  the  bay  beyond  the  obstructions  up  to  that  date — ^that  is,  for  a 
period  of  about  two  years  succeeding  the  completion  of  the  dredging. 
it  was  onr  opinion,  however,  that  sufficient  time  has  not  elapsed  to  test 
this  question. 

The  thorough  survey  of  the  bay,  harbor,  and  river  Mobile  by  this 
officer  was  made  under  the  act  before  mentioned  with  a  view  to  obtain- 
ig  data  for  further  projects  of  improvement  of  the  diannel  to  the  city. 
After  a  full  study  of  the  results  of  the  survey,  aided  by  an  experience 
of  more  than  10  years  in  this  locality.  Captain  Damrell  now  x)resents, 
MDong  several  projects  mentioned,  two  with  plans  and  estimates  which 
ueet  his  approval.  His  preference  is  evidently  given  to  the  second. 
They  axe  as  follows : 

F&st.  To  dredge  ^' a  channel  of  sufficient  depth  and  width  from  the 
river  to  the  anchorage,  following  the  line  of  deepest  water  and  carrying 
the  dredged  material  to  a  distance."  Second,  ^<  to  confine  the  entire  river 
flischarge  to  a  single  channel  through  the  bay  to  a  point  where  the  tidal 
earrent  sweeping  in  and  out  of  Mobile  Bay  is  sufficiently  strong  to  carry 
away  any  sediment  brought  down  by  the  river  current  and  dredging  out 
liny  material  that  might  not  be  removed  by  the  scouring  power  ox  the 
water.  In  this  connection  it  should  be  borne  in  mind  that  the  amount 
of  tidal  water  which  passes  from  the  Oulf  into  the  bay  and  back  into 
the  Onlf  every  24  hours  with  the  ebb  and  flow  of  the  tide  is  more  than 
twice  as  great  as  that  discharged  by  the  rivers,  and  that  the  outlet  is  so 
contracted  that  a  very  deep  channel  has  been  formed. 

*^  Tbe  former  has  tbe  success  of  previous  work  done  in  the  bay  in  its 
favor,  but  the  disadvantage  of  being  a  narrow  channel  in  the  middle  of 
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a  wide  bay,  exposed  to  cross  winds  and  currents,  making  its  na\'igation 
difficult  at  times,  and  rendering  it  possible  that  l^rge  expenditures 
might  be  required  at  some  future  time  to  remove  deposits  that  might 
take  place. 

*-The  latter  would  have  the  apparent  advantage  of  turning  24  miles 
of  bay  into  river  navigation,  ♦  •  *  of  positive  permanency  when 
once  fully  accomplished,  and  possibly  of  greater  economy  in  the  end  if 
the  construction  of  the  necessary  dams,  dikes,  and  shore  jetties  will 
cause  the  current  to  do  most  of  the  work  of  excavation." 

His  estimates  for  these  projects  are: 

Ist.  Dredging  channel  liOO  feet  wide : 

17  feet  deep '. $820,000  (K) 

22  feet  deep 1,980,000  00 

2d.  Construction  of  training  wall : 

Dredging  for  a  depth  of  22  feet,  &c 2,043,946  08 

Our  views  as  to  these  projects  are  given  in  the  following  brief  state- 
ment: 

Kthe  question  were  simply  to  obtain  a  passage-way  to  Mobile  of  but 
17  feet  depth,  we  would  recommend  the  deepening  the  present  channel 
by  dredging,  the  process  by  which  13  feet  has  already  been  reached. 
The  first  cost  of  this  method  would  be,  as  above  stated^  about  $820,000. 

Any  other  process,  to  be  effective,  would  involve,  besides  more  or  less 
dredging,  the  long  training  wall  or  walls  from  the  river  mouths  down 
the  bay  to  the  deep  anchorage,  with  an  expenditure  probably  in  excess 
of  $2,000,000,  together  with  the  cost  of  protection  against  overflow  in 
the  vicinity  of  3Iobile  and  above,  due  to  lengthening  the  river  by  trans- 
ferring its  mouth  to  the  fleet  anchorage,  thus  changing  its  normal  slope 
and  backing  the  water  up  stream.  This  point  will  be  more  fully  set 
forth  in  our  notice  of  Captain  Damrell's  second  project. 

It  is  true  that  a  dredged  channel  cannot  be  regarded  as  quite  perma- 
nent. The  causes  that  formed  Choctaw  and  Dog  Eiver  bars  must  still 
exist.  It  seems  certain,  therefore,  that  small  appropriations  will  be 
needed  from  time  to  time  to  keep  open  any  channd  through  Choctaw 
Bar  formed  by  dredging.  But  the  saving  in  the  original  outlay  will 
probably  more  than  compensate  for  the  occasional  expenditures. 

The  question,  however,  of  procuring  22  feet  depth  of  channel  by  the 
process  of  dredging  is  quite  a  different  one.  It  will  involve  an  expend- 
iture of  about  $2,000,000  with  a  channel  200  feet  wide,  and  $3,000,000 
if  the  width  be  300  feet,  which  width  is  thought  to  be  necessary  for  easy 
navigation  for  a  length  of  25  miles  in  the  open  bay  of  Mobile.  A  pro- 
ject so  costly  in  its  execution  should  not  be  entered  upon  without  a  rea 
sonable  promise  of  permanent  results.  Now,  although  past  experience, 
if  reports  are  entirely  accurate,  indicates  that  the  channel  over  Dog 
Eiver  Bar  did  not  fill  perceptibly  from  1854  to  1860,  when  deepened 
about  2  feet,  and  that  it  has  not  filled  measurably  during  the  past  three 
years,  although  excavated  to  an  additional  depth  of  3  feet,  we  do  not 
think  there  is  sufficient  evidence  to  prove  that  if  the  channel  be  farther 
deepened  to  22  feet  and  lengthened  to  reach  the  lower  anchorage,  it 
will  be  entirely  permanent.  Indeed,  we  anticipate  that  the  same  pro- 
cess that  formed  Dog  River  Bai'  will  in  time,  though  by  a  slow  process, 
reform  it  where  excavated.  There  can  be  little  doubt  that  there  is  some 
deposit  in  the  bay  of  light  material  brought  down  by  the  river,  and  that 
this  channel  must  get  its  portion  of  that  deposit.  Our  experience  in 
reference  to  Choctaw  Bar  runs  through  a  much  longer  period,  and  proves 
beyond  doubt  a  tendency  to  refill  any  shallow  excavation  tlixougli  it. 
We  cannot,  therefore,  hope  to  maintain  a  channel  22  feet  deep  over  this 


,  APPENDIX   K.  1063 

liar  without  dredging  from  time  to  time.  The  river  along  the  city  front 
does  not  maintain  that  depth ;  mach  less  must  we  expect  it  at  the  mouth, 
where  the  waters  are  checked  by  dispersion. 

As  already  stated,  prior  to  1860  the  indications  were  definite  that  the 
month  of  the  Mobile  branch,  when  deepened,  filled  again  at  the  rate  of 
U  inches  a  year.  Captain  Damrell  states  that  he  discovered  no  filling 
for  two  years  preceding  his  recent  survey.  It  may  be  that  the  sound- 
ings were  not  made  with  that  extreme  of  accuracy  that  would  note  a 
change  of  2  or  3  inches.  At  any  rate,  if  it  does  not  fill,  the  conditions 
must  be  changed.  Kow,  we  know  that  since  1860  pile  obstructions  on 
the  east  have  been  driven  and  still  exist  in  such  position  as  to  concen- 
trate the  united  waters  of  Tensas  and  Spanish  Eiver  outlets  toward  the 
Mobile  outlet,  and  that  this  last  has  been  narrowed  by  similar  obstruc- 
tions, reaching  well  up  towards  Choctaw  Point.  To  these  obstructions 
the  present  greater  permanence  of  depth  in  Choctaw  Pass,  if  it  exist, 
may  be  due.  But  the  conditions  of  the  delta  are  constantly  changing, 
and  the  mouths  are  advancing  at  the  rate  of  about  100  feet  a  year.  If 
the  channel  is  stable  now  it  may  not  remain  so  many  years.  We  are, 
therefore,  forced  to  the  conclusion  that  the  dredging  project  does  not 
insure  that  permanency  of  channel-way  which  so  costly  a  work  ought  to 
^cure. 

The  second  project  of  Captain  Damrell  extends  the  eastern  bank  of 
the  Tensas  branch  artificially  by  dikes  in  a  southwesterly  direction 
across  the  outlets  of  the  Spanish  and  Mobile  branches,  and  thence  in  a 
?*outherly  course  to  the  vicinity  of  Alabama  Port,  thus  collecting  all  the 
waters  of  the  rivers  flowing  into  the  bay  in  one  stream  between  this 
artificial  bank  and  the  western  shore,  and  literally  extending  Mobile 
Kiver  to  the  lower  anchorage.  If  the  project  were  feasible  it  would  not 
be  easy  to  count  its  cost  or  foresee  the  difficulties  in  the  way  of  its  exe- 
cotioD.  It  would  create  an  almost  insuperable  barrier  to  navigation 
until  completed,  for  the  reason  that  the  construction  should  progress 
from  the  mouth  of  the  Tensas  southward  in  order  to  make  the  river  cur- 
rents do  the  work  of  excavation.  In  what  manner  this  artificial  bank 
shoald  be  made  and  of  what  material  formed  to  enable  it  to  endure  the 
wash  of  the  waves  on  the  bay  side  and  the  rash  of  waters  on  the  river 
8ide,  could  only  be  determined  experimentally.  Its  construction,  how- 
erer,  would  doubtless  require  to  be  more  solid  than  the  method  of  the 
plan  submitted.  If,  to  avoid  the  impediment  to  navigation,  the  river 
outlets  into  the  bay  be  left  open  until  the  east  bank  of  this  new  channel 
be  bailt  from  the  vicinity  of  Choctaw  Point  to  the  lower  bay.  this  great 
«lisadTantage  wonld  residt,  that  the  immense  mass  of  material  excavated 
from  the  bed  of  this  river  extension  by  the  current  would  all  be  trans- 
ferretl  to  its  outlet,  with  the  chance  of  forming  a  bar  there  and  of  filling 
Grant's  Pass.  In  fact,  it  is  a  transference  of  the  delta  of  the  Mobile 
River  fit)m  the  head  of  the  bay  down  to  the  islands — a  very  radical 
change  in  the  conditions  that  at  present  exist  at  the  port  of  Mobile. 

Xow  the  average  river  discharge  is  estimated  by  Captain  Damrell 
to  he  about  100,oS)  cubic  feet  per  second,  and  the  discharge  from  the 
l>ay  with  the  falling  tides  per  day  twice  that  amount.  By  these  out- 
do'wing  waters  as  well  as  the  inflowing  tides  the  sea  bar  is  maintained 
at  a  depth  of  22  feet.  As  the  river  silt  is  mostly  deposited  at  the  head 
of  the  bay,  which  is  advanced  thereby  at  the  rate  of  about  100  feet  per 
vear,  the  exterior  or  sea  bar  gets  little  or  no  accession  therefrom.  The 
i-onditions,  therefore,  beyond  the  entrance- way  at  Mobile  Point  are  favor- 
Able^  and  it  would  not  be  well  to  inaugurate  changes  that  might  dis- 
turb them,  for  it  is  easier  to  procure  deep  water  through  the  inner  bar 
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than  it  would  be  through  the  outer  or  sea  bar,  should  that  commence  to 
shoal  by  virtue  of  the  &ansferenee  of  the  river  deposit  from  the  head  of 
the  bay  to  the  sea. 

A  stronger  objection  to  the  project  is  the  river  extension  itself  of  24 
miles  below  Mobile,  which  virtually  overthrows  its  present  regimen, 
changes  its  slope  and  surface  level  at  the  city  and  above  for  many  miles. 
Head  to  cause  the  flow  from  Mobile  to  the  new  mouth  must  be  obtained 
by  raising  the  banks  east  and  west  in  the  vicinity  of  the  city  and  far 
above. 

The  numerical  data  at  hand  are  not  sufficient  to  decide  definitely  to 
what  extent  the  elevation  of  the  present  water  surface  must  be  carried; 
but  to  fix  our  ideas  some  approximate  computations  may  be  made. 

If  Captain  Damrell's  estimate  as  to  the  average  volume  of  discharge 
be  correct — ^viz,  100,000  cubic  feet  per  second — it  is  safe  to  assume  that 
the  flood  volume  cannot  be  less  than  200,000.  His  proposed  new  channel 
is  1,400  feet  wide,  and,  admitting  that  a  mean  depth  of  22  feet  will  be 
excavated,  the  new  cross-section  will  be  30,800  feet,  which  would  in- 
volve a  mean  velocity  of  6.5  feet  per  second,  and  require  a  slope  of 
0,00034  or  1.8  feet  per  mile. 

Now,  a  slope  1.8  feet  per  mile  would  give  a  rise,  going  back  from  the 
mouth  of  the  extended  river  to  Mobile  24  miles,  of  43.2  feet,  and  this 
rise  would  be  needed  to  effect  the  discharge,  provide<l  the  bed  slope  by 
deposition  could  maintain  itself  parallel  to  the  surface.  Should,  how- 
ever, the  bottom  of  the  river  remain  undisturbed  at  its  present  level, 
the  discharge  would  be  effected  by  raising  the  suiface  waters  at  Mobile 
7.5  feet,  the  corresponding  velocity  being  4.82.  As  the  wharves  along 
the  city  front  are  but  3^  feet  above  onlinary  high-water,  and  1  foot 
above  equinoctial  tides,  and  overflowed  during  extraordinary  gales,  it 
is  evident  that  the  above  conditions  cannot  be  carried  out.  It  is  not 
necessary,  however,  that  more  water  than  the  ordinary  discharge,  say 
100,000  cubic  feet  per  second,  should  run  down  the  prolonged  river. 
The  freshet  water  might  escape  over  extended  waste-weirs  immediately 
into*the  head  of  the  bay.  In  that  case  a  rise  at  Mobile  of  1.8  feet,  provided 
the  river  bed  remains  constant,  will  give  the  requisite  velocity  for  the 
outflow.  It  cannot  be  expected,  however,  that  the  bed  of  the  river  will 
maintain  its  present  level  for  a  distance  of  24  miles.  It  must  gradually 
rise,  and  with  it  the  surface,  and  therefore  the  banks.  Now,  as  the  city 
wh%rves  are  only  3^  feet  above  ordinary  high-water  and  are  occasionally 
overflowed,  it  seems  conclusive  that  without  building  levees  above  and 
below  Mobile  and  along  its  whole  front  the  transf^  of  the  river  mouth 
to  the  lower  bay  will  inundate  a  part  of  the  city  frequently.  The  river  ex- 
tension proposed  is,  therfore,  regarded  by  the  Board  as  impracticable. 

The  Board  now  present  two  projects  which  are  to  a  certain  extent 
modifications  of  Captain  Damrell's  plan. 

The  first  is  to  turn  the  waters  of  the  Mobile  branch  down  the  west 
shore  of  the  bay  by  extending  its  east  bank  to  Alabama  Port  or  as  far 
as  may  be  found  necessary,  to  cover  a  channel  formed  by  dredging.  The 
second  is  to  bring  this  channel  into  the  Mobile  branch  by  a  cut  across 
Choctaw  Point  to  be  closed  by  gates ;  or,  avoiding  the  cost  of  this  cut. 
to  connect  with  the  city  by  piers  at  Garrow's  Bend,  local  interests  de- 
termining the  choice  between  these  termini.  Well  covered  as  this 
channel  will  be  against  waves  by  its  artificial  bank,  a  width  of  100  feet 
is  deemed  sufficient  for  the  accommodation  of  the  large  vessels  alone 
compelled  to  use  it.  This  construction  will  in  no  wise  interfere  with  nav- 
igation in  the  river  or  bay  during  its  progress.  The  channel  will  have 
no  current  except  the  bay  current,  and  will  not,  therefore,  silt  up ;  nor 
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Till  tlie  bank  require  any  protection  on  the  ohannel  side.  It  can  be 
furmed  principally  from  the  material  excavated  to  create  the  channel^ 
consolidated  by  small  trees,  saplings,  and  brash,  which  grow  abundantly 
along  tlie  shore.  It  seems  probable  that  some  stone  will  be  required  to 
assist  in  the  solidification  of  this  artificial  bank.  As  the  bay  along  the 
line  of  its  location  is  quite  shoal,  varying  from  3  to  9  feet,  its  construc- 
tion need  not  be  expulsive,  unless  extended  beyond  Alabama  Port 
larther  than  is  necessary  to  resist  wave  action.  Any  estimate,  how- 
ever, must  be  at  best  but  approximate,  as  so  much  will  depend  upon 
the  cost  of  securing  its  bank  against  abrasion,  and  of  extending  it  into 
the  deep  water  beyond  Alabama  Port,  should  such  extension  be  found 
oecessary. 

Of  these  two  projects  thus  summarily  presented,  the  f  econd,  which 
terminates  the  channel  at  Garrow's  Bend  or  extends  it  to  the  river  by  a 
ent  through  Choctaw  Point,  is,  in  the  opinion  of  the  Board,  much  prefer- 
able to  the  first. 

Much  exx>ense  will  be  saved  by  terminating  the  channel  at  Garrow's 
Bend;  but  there  may  be  sufQcient  reasons  for  continuing  it  into  Mobile 
Kiver  so  that  vessels  of  a  large  class  may  ascend  to  the  present  city 
wharves.  To  prevent  silt  depositing  within  the  cut,  gates  seem  ueces- 
^;  otherwise  an  open  entrance  would  be  preferred. 

This  project  is  exhibited  in  a  general  way  on  accompanying  sketch 
(A}.  Exactness  of  location  and  precise  methods  of  construction  both 
of  the  east  bank  of  the  channel  and  the  gate  structure  are  left  to  be 
detennined  hereafter,  should  the  project  be  adopted. 

There  is  a  question  connected  with  the  maintenance  of  a  deep  channel 
excavation  in  Mobile  Bs^y  which  can  only  be  solved  experimentally. 

It  seems  that  after  passing  through  a  crust  of  sand  and  stiff  clay,  at 
a  depth  of  from  14  to  16  feet  below  the  water  surface,  boring  has  re- 
vealed a  layer  of  soft  mud,  whidi  continues  to  a  depth  of  SO  feet,  as  far 
36  the  auger  penetrated.  The  boring  rod,  4}  inches  in  diameter,  went 
down  of  its  own  weight  (247  pounds)  8 J  feet ;  thence,  with  weight  in- 
creased to  517  pounds,  it  sank  5^^  reaching  a  depth  of  about  30  feet 
below  water-level.  Hitnerto  the  dredging  has  stopped  in  stiff  clay  at 
13  feet  depth.  K  it  be  carried  9  feet  deeper  through  this  soft  clay  or 
mud  will  the  channel  remain  open,  or  will 'side  pressure  cause  its  grad- 
nal  filling  by  lateral  motion  of  this  yielding  material?  As  there  will  be 
uo  rapids-flowing  current  to  keep  open  tMs  channel,  once  dredged  in 
the  bay^  should  it  tend  to  fill  by  mud  flowing  in  firom  either  side,  dredg- 
'Ug  a  second  time  wUl  be  needed:  in  other  words,  the  method  wUl  be  a 
failure.  It  seems  proper,  therefore,  as  a  preliminary  step,  that  the  ex- 
periment be  made  of  dredging  the  present  channel — say,  on  Dog  Eiver 
Bar — ^for  a  length  of  100  yards  and  width  of  100  feet,  and  to  a  depth  of 
22  feet  below  the  surfSsu^  of  the  water  in  the  bay,  and  that  the  excavated 
[lortion  be  careMly  sounded  from  time  to  time  to  ascertain  its  condition. 
Should  the  channel  fill  with  mud,  it  would  be  a  waste  of  money  to  at- 
tempt to  attain  a  permanent  water-way  22  feet  deep.  On  the  contrary, 
"Should  there  be  no  evidence  of  filling  by  side  pressure,  that  objection  to 
a  dredged  channel  would  come  to  naught. 

The  forcing  question  being  decid^  in  the  affirmative  by  trial,  this 
Board  is  of  the  opinion  that  if  the  present  and  prospective  commerce  of 
Vobile  demands  a  channel  of  22  feet  depth  firom  the  lower  bay  to  the 
^ty,  it  should  be  obtained  by  dredging  the  west  shore  of  the  bay,  to 
Dnnect  Mrith  Mobile  either  at  Garrow's  Bend  or  by  a  cut  through  Ghoc- 
uw  Point  into  the  river.    But  if  17  feet  depth  will  satisfy  the  shipping 
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interests  of  this  port,  the  Board  recommends  that  it  be  attained  by 
dredging  the  present  channel. 

APPROXIMATE  ESTIMATE 

for  Becurine  a  channel  22  feet  deep  from  lower  anchorage  of  Mobile  Bay  to  Qarrow's 
Bend,  on  tne  supposition  that  the  east  bank  for  tlie  protection  of  the  channel  is  built 
in  water  of  an  average  depth  of  9  feet,  and  extended  no  farther  sonth  than  Alabama 
Port.  Side  slopes  of  prism  excarated  are  assumed  at  1  upon  2.  The  average  prism, 
therefore,  to  be  dredged  will  measure : 

Feet 

Width  at  top 152 

Width  at  bottom 100 

Depth 13 

•  Cubic  yards. 

Excavation  of  channel  from  Choctaw  Point  to  Alabama  Port,  113,322 

feet  in  length 6,874,868 

Excavation  trom  Alabama  Port  to  deep  water,  23,448  feet  in  length 604, 507 

Total  excavation 7,479,375 

3,437,434  cubic  yards  to  be  dumped  alongside  channel  to  form  dike,  at 

15  cents §515,615  10 

3,437,434  cubic  yards  placed  on  upper  portion  of  dike,  at  20  cents 687, 486  80 

604,507  cubic  yards  beyond  Alabama  Port,  at  20  cents 120, 901  40 

Cost  of  excavation  of  channel 1,324,003  30 

To  consolidate  the  dike  formed  of  mud  and  sand  dredged  from  the 
channel,  some  nucleus,  as  brush  made  into  rafts  or  mattresses  and  cov- 
ered over  above  water  with  stone  ballast,  or  two  rows  of  piles  filled  in 
with  brush  closely  packed  and  covered  over  above  the  water  surface 
with  ballast,  will  be  needed.  If  stone  ballast  can  be  procured  as  cheaply 
in  Mobile  Bay  as  it  can  at  the  North,  it  is  estimated  that  this  nucleus 
can  be  built  for  about  $10  per  running  foot. 

113,322  running  feet  of  central  structure  of  dike,  at  $10 $f,  133, 220  00 

Add  cost  of  excavation 1,324,003  30 

Total  cost  to  Garrow^s  Bend 2,457,223  30 

*  

Extension  to  Mobile  River 150,000  00 

Should  it  be  necessary  to  extend  the  dike  beyond  Alabama  Port  as  a 
protection  against  cross-currents,  the  structure  in  deep  water  will  be 
much  more  costly.  We  may,  therefore,  set  down  the  probable  cost  of 
creating  a  channel  along  the  western  shore  of  Mobile  Bay  to  the  city, 
from  the  lower  anchorage,  to  be  22  feet  deep,  100  feet  wide  at  bottom, 
and  protected  by  a  dike  extended  to  Alabama  Port,  or  as  far  as  shall 
be  found  necessary,  as  between  $2,500,000  and  $3,000,000. 
Respectfully  submitted. 

Z.  B.  Tower, 
Colonel  of  Engineers^  Brevet  Major- General 

John  Newton, 
Colonel  of  Engineers^  Brevet  Major-Oenerah 

Henry  L.  Abbot, 
Major  of  Engineers,  Brevet  Brigadier  Oeneral. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 
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K  2. 
IMPROVEMENT  OF  PENSACOLA  HARBOR,  FLORIDA. 

The  improvement  of  this  harbor  was  commenced  November,  1878,  by 
the  removal  of  four  wrecks  at  or  near  the  entrance  of  the  harbor,  under 
jn  appropriation  of  $20,000,  made  by  act  of  Congress,  approved  June 
\\  1878. 

Tuder  a  contract  made  with  Mr.  G.  W.  Le  Gallais,  the  wrecks  of  the 
lark  Ada,  the  ship  Miles,  the  steamer  Convoy,  and  the  pilot-boat  Nettle 
were  to  be  removed  by  May  1, 1879,  but  on  account  of  stormy  weather 
the  contractor  was  unable  to  complete  the  work  at  the  specified  time, 
aiid  an  extension  of  time  to  complete  his  contract  was  granted  him 
until  July  1,  1879. 

Under  the  same  appropriation  a  survey  of  the  entrance  to  Pensacola 
Harbor,  for  the  purpose  of  ascertaining  the  cause  of  the  shoaling  of  the 
main  ship  channel,  south  of  the  Middle  Ground,  was  commenced  and  com- 
]»leted  during  the  last  fiscal  year,  and  for  a  full  report  of  same,  with  my 
recommendations  as  to  further  improvements,  I  would  respectfully  refer 
:o  Annual  Reiwrt  of  the  Chief  of  Engineers  for  1879,  Appendix  J  2, 

As  above  stated,  the  contract  for  the  removal  of  the  four  wrecks  had 
lH*en  extended  to  July  1,1879,  but  at  that  time  the  work  was  far  from 
i>eing  completed.  The  wrecks  of  the  pilot-boat  Nettle  and  the  bark  Ada 
were  reported  by  the  contractor  as  completely  removed ;  those  of  the 
^hip  Miles  and  the  steamer  Convoy  only  partially.  As  this  delay  in  the 
(completion  of  the  contract  was  entirely  caused  by  the  inclemency  of  the 
weather,  a  further  extension  of  time  until  August  15, 1879,  wa«  granted. 

On  August  9,  1879,  the  contractor  reported  all  four  of  the  wrecks  re- 
^ moved,  according  to  the  terms  of  the  contract.  TJpon  a  thorough  inspec- 
tion of  the  grounds  where  the  wrecks  had  been  located,  by  an  experi- 
enced diver,  made  between  the  11th  and  19th  of  August,  it  was  found 
that  the  wrecks  of  the  pilot-boat  Kettle  and  the  steamer  Convoy  had 
l»een  completely  removed,  while  portions  of  those  of  the  ship  Miles  and 
bark  Ada  were  still  found  buried  in  the  sand.  A  further  extension  of 
time  being;  granted  the  contractor,  he  continued  work  until  December 
15, 1879,  and  upon  a  second  examination  of  the  grounds  where  the 
wrecks  of  the  ship  Miles  and  bark  Ada  were  located,  it  was  found  that 
their  complete  removal  had  been  accomplished,  and  the  contract  com- 
pleteil. 

No  further  work  was  done  during  the  balance  of  this  year. 

Since  the  completion  of  the  survey  in  1879,  no  observations  have 
'tf  n  made  in  regard  to  any  changes  which  may  have  taken  place  during 
the  year.  The  abrasion  of  the  western  shore  still  continues,  but  no  mate- 
nal  increase  in  the  shoaling  of  the  main  ship  channel  has  been  reported. 

By  act  of  Congre^  approved  June  14, 1880,  an  appropriation  of  $40,000 
*^a.smade  for  the  improvement  of  this  harbor,  and  the  following  project 
'•r  the  expenditure  of  this,  and  balance  available  from  former  appropria- 
*:'>ri  has  been  submitted,  viz :  To  dredge  a  channel  through  the  inner 

ar  that  has  recently  formed,  and  to  construct  as  much  of  the  training- 
^all.  according  to  i)roject  submitted  with  annexed  report  for  1879,  as 
'•'♦'  appropriation  will  allow. 

Tlje  work  to  be  done  by  contract,  provided  reasonable  bids  are  received, 
••hirwise  the  work  to  be  done  oy  hired  labor.     An  appropriation  of 
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(100,000  is  asked  for  fiscal  year  ending  Jane  30, 1882,  to  be  applied  to 
the  construction  of  the  retaining  wall  on  the  west  side  of  the  channel  iu 
front  of  Fort  McEee. 

The  total  cost,  as  estimated,  for  the  work  proposed  is  (177,250,  and 
the  amount  required  to  complete  the  work,  exclusive  of  former  appro- 
priations, is  $124,152,  but  if  tiie  materials  of  the  ruins  of  Fort  Meliee 
can  be  used  as  part  of  the  ballast,  it  is  estimated  that  the  amount  avsked 
for  will  complete  the  work  to  the  extent  of  the  present  project. 

The  removal  of  the  wrecks,  accomplished  during  the  year,  not  only 
lessens  the  dangers  of  navigation,  but  it  may  reasonably  be  supposed 
that  one  of  the  causes  which  tended  to  the  formation  of  the  inner  bar  is 
thereby  removed. 

The  improvement  contemplated — ^the  deepening  of  the  main  shii)-chan- 
nel  to  its  former  depth  of  24  feet — ^will  not  only  exert  a  beneficial  influence 
upon  the  comtnerce  of  Pensacola,  in  so  far  as  it  will  permit  this  place,  if 
not  to  immediately  increase,  at  least  to  retain  its  aJready  large  trade, 
but  will  also  enable  our  vessels  of  war,  of  the  above  draught,  to  reach 
Pensacola  navy-yard  without  detention. 

The  work  ia  located  in  the  collection  district  of  Pensacola,  Fla.,  with  Pensacola  as 
the  port  of  entry,  and  is  situated  near  Forte  Pickens  and  McRee  and  Pensacola  light- 
house. 

The  following  statistical  statement  of  the  commerce  of  Pensacola  for 
the  fiscal  year  ending  June  30, 1880,  has  been  ftirnished  me  by  the  col- 
lector: 

Duties  on  imports  and  sale  of  unclaimed  goods $10,  dC4  dC 

Tonnage  dues 50,882  35 

Hospital  tax .' 1.872  38 

Offioialleea 3,441  20 

Steamboat  inspections.... 275  00 

Total 67,335  794 

Amoant  of  exports  to  foreign  countries li  930, 639 

Amount  of  shipments  coastwise 335,346 

Total 2,265,985 

Foreign  vessels  entered :  334  vessels,  233, 043  tons,  4,667  men.  Foreign  vessels  cleared : 
346  vessels,  243,249  tons,  4,961  men.  American  vessels  entered  from  foreign  couutrie» : 
64  vessels,  23,244  tons,  506  men.  American  vessels  cleared  to  forei^  countries :  31 
vessels,  11,001  tons,  265  men.  Vessels  entered  coastwise :  192  vessels,  63,947  tons,  2,078 
men.  Vessels  cleared  coastwise :  211  vessels,  55,^2  tons,  2,092  men.  Total  number  of 
vessels  entered :  590  vessels,  320,234  tons,  7,451  men.  Total  number  of  vessels  cleanvl : 
588  vessels,  309,902  tons,  7,288  men. 

Money  statement 

July  1, 1879,  amount  avaUable $16,779  48 

Amount  appropriated  by  act  approved  June  14, 1880 40, 000  00 

$56, 779  48 

July  1,  1880,  amount  ex]>ended  during  fiscal  year 3,681  41 

July  1, 1880,  amount  available , ,,.., 53,09807 


Amotmt  ( Ci 
Amount  tb 


estimated)  required  for  completion  of  proposed  prqject 124, 470  52 

hat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  100. 000  00 
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K  3, 

IMPROVEMENT  OF  HARBOR  AT  CEDAR  KEYS,  FLORIDA. 

Provision  was  made  for  the  survey  of  tMs  harbor  by  act  of  Congress 
approved  Jane  10, 1872. 

The  snrvey  was  made  from  Aagust  to  December,  1872,  and  the  report 
upon  it  was  made  in  1873,  and  is  contained  in  the  annual  Beport  of  the 
Chief  of  Engineers  of  that  year. 

The  project  recommended  at  that  time  was  to  dredge  a  channel  100 
feet  wide  and  10  feet  deep  across  the  bend  in  the  main  channel  passing 
to  the  westward  of  Harlbior  Key.  It  was  afterward  modified  so  as  to 
obtain  in  the  same  manner  a  channel  12  feet  deep,  or  as  deep  as  the  un- 
derlying limestone  would  permit  from  the  Gulf  of  Mexico  to  Cedar 
Keys. 

During  the  progress  of  the  work  in  1877  another  change  was  made, 
which  it  was  thought  would  reduce  the  cost  materially  and  accomplish 
the  .same  result.  This  change  was  to  make  a  cut  across  the  middle 
irronnd  l>et\^een  Way  Key  and  Depot  Key,  instead  of  the  one  first  pro- 
posed across  the  bend  in  the  main  channel  passing  to  the  westward  of 
HarlK)r  Key. 

The  present  plan  is  therefore  to  dredge  a  channel  200  feet  wide  and  as 
deep  as  the  underl3n[ng  limestone  will  permit,  not  exceeding  12  feet, 
through  the  outer  bar  and  the  middle  ground  between  Way  Key  and 
Depot  Key,  and  to  make  slight  improvements  by  dredging  portions  of 
the  channel. 

The  original  estimatod  cost  of  this  work  was $133,500  00 

The  amounts  appropriated  are  as  foUows : 

Act  approved  Jane  10,  1872 $7,600  00 

Act  approved  March  3,  1875 15,000  00 

Act  approved  Angnst  14,  1876 10,000  00 

Act  approved  June  18,  lS7ti 20,000  00 

Act  approved  March  3, 1879 15,000  00 

Act  approved  June  14,  1880 15,000  00 

82,500  00 

Total 51,000  00 

The  first  appropriation  was  expended  in  dredging  by  contract  on  the 
outer  bar.  The  second  at  the  same  place  and  in  the  same  manner.  The 
third  was  applied  to  dredging  a  cut  through  the  middle  ground,  and  the 
i^t&lHQce  ou  the  outer  bar  and  making  slight  improvements  in  the  main 
channel  between  Sea  Horse  and  Harbor  Keys.  The  fifth  has  been  and 
i^  \mng  used  in  the  removal  of  the  wreck  of  the  steamer  Lewisburg  and 
widening  tlie  dredged  channel  through  the  outer  bar. 

Tbe  results  obtained  up  to  the  close  of  the  fiscal  year  ending  June  30, 
HT'J.  were  a  cut  200  feet  wide  and  11 J  feet  deep  (down  to  the  limestone) 
through  the  middle  ground,  another  100  feet  wide  and  12  feet  deep 
thrrmgh  the  outer  bar. 

During  the  fiscal  year  ending  June  30, 1880,  the  wreck  of  tbe  steamer 
I^Hwlsburg  was  removed  and  14,273  cubic  yards  w^ere  excavated  by  con- 
tnu't  on  the  outer  bar  in  the  process  of  widening  the  cut. 

It  is  proposed  to  use  the  appropriation  made  by  act  of  Congress  ap- 
'•lovetl  June  14, 1880,  and  the  balance  of  the  appropriation  made  by  act 
•Improved  March  3, 1879,  in  widening  the  cut  through  the  outer  bar  and 
•ompietjog  the  project. 

The  improvement  already  effected  seems  to  have  been  of  considerable 

.*lue  to  Cedar  Keys. 
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The  town  has  increased  in  population  and  in  the  number  and  character 
of  its  buildings.  Local  trade  is  reported  to  have  increased  fully  60  per 
cent.  Tonnage,  imports,  exports,  and  revenue  have  all  increased  con- 
siderably during  the  past  year. 

This  work  is  in  the  collection  district  of  Cedar  Keys,  and  Cedar  Keys  is  tlit-  iwrt  of 
entry. 

The  following  are  the  commercial  statistics  as  furnished  by  the  col- 
lector of  customs : 

Value  of  foreign  imports >'7,'2J?0  0(> 

Value  of  exports  to  foreign  ports - 5.  IXil  00 

Amount  of  revenue  collected tf,oOO  00 

Total  number  of  vessels Ij^ 

Tonnage  of  same 103,9:^ 

Total  number  of  vessels  cleared - ^  ^j^ 

Tonnage  of  qame * 75, 178 

Value  of  pine  and  dedar  lumber  shipped j?3r)2. 0(K)  00 

Value  of  other  commerce - 105,000  00 

Money  statement 

July  1,  1879,  amount  available $21, 107  7 1 

Amount  appropriated  by  act  approved  June  14,  1880 15,  OOfl  CO 

—  §36, 107  71 

July  1,  1880,  amount  expended  during  fiscal  year 9, 424  '^ 

Julyl,  1880,  outstanding  liabilities 33  90 

^    '  '  *^ 9,458  2.-^ 

July  1,  1880,  amount  available..  "26,649  43 


Abstract  of  bids  received  and  opened  Xovember  5,  1879,  for  dredging  in  the  harbor  of  Cedar 

Key 8 J  Florida, 


No. 


Name  of  bidder.  p«Ki«®v?S     Time  of  commencing  work. 


cubic  yard 


Time  of  completing  work. 


1 


I 


James  E.  Slaughter $0  69. 9     On  or  before  the  Ist  day  of 

I  February,  1880. 

S.  N.Kimball 95 


On  or  before  the  Ut  of  June, 
1880. 


Abstract  of  bids  received  and  opened  Xovember  5,  1879,  for  removal  of  wreck  of  steamer 

Lewisburg,  in  the  harbor  of  Cedar  Keys,  Florida, 


Na 


1 
2 


Name  of  bidder.  # 


Price  of  entire  removal 
of  work. 


James  B.  Slaaghter. 
S.N.KhnbaU 


3,000 


K  4. 

IMPROVEMENT  OP  CHATTAHOOCHEE   RIVER,  ALABAMA  AND  GEORGIA. 

Thesurveyfortbisimprovement,  directed  by  acts  of  Congress  approved 
Marcb  31, 1871,  and  Jane  10, 1872,  was  made  from  Columbus  to  Cbatta- 
hoochee.    Tbe  preliminary  report  was  submitted  July  31, 1872. 

The  final  report  was  submitted  in  the  annual  report  from  this  office 
for  fiscal  year  ending  June  30, 1873,  and  forms  a  part  of  the  annual 
report  of  the  Chief  of  Engineers  for  that  year. 

The  project  adopted  for  the  improvement  was  to  obtain  a  good  navi- 
gable channel,  100  feet  wide  and  4  feet  deep  at  low-water,  throughout 
the  whole  distance  from  Columbus  to  Chattahooche,  by  the  removal  of 
anags,  wrecks,  and  loose  rocks,  and  the  improvement  of  a  number  of 
bars  by  blasting,  dredging,  and  the  construction  of  dams  and  wing-dams* 
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The  estimated  cost  of  the  iraprovemeiit  vaa  9145,247.66. 
rh«  appropriatiouB  since  made  are  as  follows : 

Be  ul  of  CongTcas  approved  Jnne  33.  1974 {25,000  00 

limrof  CoDgresB  approved  March  3,  1975 25,000  00 

Br  ici  of  Cnugress  approved  August  14,1876 !iO,000  00 

For  the  Cbattahoocbee  and  Flint  together 70,000  00 

For  the  Chattahooche  by  itself: 

t  of  Congresa  approved  June  18,1878 818,000  00 

taf  CoDgreBS  approved  MarcbS,  1«79 15,000  00 

tafCoDgretB  approved  Jnne  14,  IPi*0 20,000  00 


Total.. 


53,000  00 

Noseparateaccount  waakeptof  tbeexpendlturesontheCbattalioocliee 
and  FIJDt  rivers  when  the  appropriation  was  made  for  tlie  two  together; 
bat  1  am  satisfied  the  estimated  cost  of  this  work  will  be  exceeded  hy 
t35,0OO  or  $45,000,  on  a(xx>ant  of  the  necessary  repair  re(|uired  to  works 
coDstnicted  each  subsequent  year,  and  the  annual  removal  of  snags 
shicli  lodge  in  the  river  after  every  freshet — the  cost  of  both  these  items 
being  about  $5,000  per  year  which  has  been  espeuded  each  year  since 
the  commencement  of  the  work,  and  should  be  charged  to  the  prese^^■a- 
tion  of  the  improvement  rather  than  to  the  improvement  itself. 

The  work  accomplished  on  the  improvement  to  June  30,  1879,  was  as 
follows: 

Tbe  snags  and  overhanging  trees  obstructing  or  endangering  naviga- 
tion of  the  river  at  the  commencement  of  this  work  were  removed,  as 
^ell  as  the  annual  accumulations  since.  Upatoi  and  Woolfolk  Bars  were 
improved  by  a  system  of  timber  and  brush  wing-dams  so  as  to  give  the 
■■idth  and  depth  required  by  the  project. 

A  shore  protection  was  constructed  at  8hell  Creek  Bar,  Little  Uchee, 
twf  below  Little  Uchee,  Slick  Bluff,  roils  below  Slick  Bluff,  and  the 
middle  rocks  in  Uchee  and  Hardridge's  Shoals  were  all  opened  by  blasting 
to  the  full  depth  bnt  not  to  the  full  width  required. 

Dnring  the  last  fiscal  year  a  barge,  50  by  20  feet,  with  quarters  for 
.  Iaborpr8andhoisting-derrick;amagazine-boat,25byl2feet;  adnmping- 
STOw,30by  15  feet  J  and  a  scow  for  pile-driving,  50  by  24  feet,  were  built. 
The  remainder  of  the  work  is  given  in  the  following  table : 


r«Mar  (lotflMMl  ■>/  prvgrt—  made  during  Hit  jueal  ytar  mtding  Jutte 
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The  whole  improvement  effected  since  the  c<»nmenoement  of  the  work 
is  shown  by  the  following  table,  except  the  removal  of  snags  and  over- 
hanging trees,  which  has  been  carried  the  wlK>le  length  of  the  river  to 
be  improved: 


Names  of  plact  s. 


00 


> 
o 

JO 


3 


Abercrombie*8  Bar. . . 

Woolfolk's  Bar 

rpatoiBar 

Shell  Creek  Bar 

Little  Uchee  Shoala.. 

Reef    below    Little 

Uchee. 
Slick  BluflF  Reef    .... 

Middle  Rocka 

Biff  Uchee  Shoals 

Cmpenper  Island  Bar. 
Hardndj^e's  Shoal  . . . 


II 


es 

o 

oe 

a 

B 

i 

■< 

a 


r    8 


10 
11 
24 
17 

174 

18 

18* 
19 
32 
27 


& 


o 


77 

75 
74 
64 
68 

674 

67 

064 

66 

53 

6 


*i 

.^ 

-«;  1 

• 

•** 

o 
^ 

1 

1  , 

1 

a 

a 

3 

3    1 

a 

■> 

S 

1 

5  : 

1 

3 

1 

-•a 

'3 

*a  1 

g 

4 

1 

s 

34 

O  1 

& 

1 

850 

150 

n 

4 

500 

150 

2 

4 

300 

150 

3 

3 

850  ! 

850 

1   2 

4 

50 

60 

H 

4 

50  1 

60 

0 

4 

39 

55 

n 

4 

80 

80 

4 

35 

65 

2 

4 

400 

150 

;  2 

1 

4 

35 

80 

Remarks. 


Contracted   with  wing- 
dams. 
Do. 
Do. 
Shore  protection. 
Reef  blasted;   too  nar- 
row. 
Do. 

Part  of  dry  reef  blasted 
off. 


It  is  proposed  to  apply  the  funds  available  for  expenditure,  during 
fiscal  year  ending  Juue  30, 1881,  as  follows : 

To  removing  the  wreck  of  the  steamer  Big  Foot,  at  Boanoke  Island. 

Eepairing  old  jetty  at  Woolfolk's  Bar. 

To  improving  the  river  channel  at  Jennie's  Island,  Mound,  Francis, 
and  Preston  Bars,  so  as  to  give  a  channel  of  4  feet  depth  at  low- water, 
by  scour,  produced  bv  contracting  the  low-waterway  bv  means  of  brush 
wingdams. 

To  improving  the  channel  at  the  rock  shoals  known  as  Belton's  and 
Cody's  Rocks,  Snake,  Averitt's,  Oak  Log,  Baltimore,  Boanoke,  Cowackee, 
and  Morgan's  Shoals,  by  widening  and  deepening,  by  blasting. 

To  snagging  the  whole  length  of  the  river. 

It  is  proposed  to  apply  the  appropriation  asked  for  fiscal  year  ending 
June  30, 1882,  in  accordance  with  the  above  project. 

The  total  value  of  merchandise  transported  during  the  fiscal  year 
amounts,  in  round  numbers,  to  $4,398,000  against  $3,760,000  last  year, 
showing  a  gain  of  $637,000  or  about  20  per  cent.  The  river  freights 
aggregate  $196,800  against  $156,558  last  year,  a  gain  of  $40,242  or 
nearly  40  per  cent. 

It  is  expected  that  the  business  will  continue  to  increase  from  yeai*  to 
year  as  the  navigation  is  improved. 

This  work  is  situated  in  the  coUection  districts  of  Savannah,  Brunswick,  and  Saiut 
Mary^s,  Ga. 
The  nearest  port  of  entry  is  Savannah,  Ga. 
The  amount  of  revenue  collected  for  fiscal  year  ending  June  30,  1880,  is  $49,417.01 

This  improvement  will  not  be  permanent  in  its  character,  when  com- 
pleted, and  it  is  estimated  it  will  require  an  annual  exi)enditure  of  about 
$3,000  to  preserve  it,  in  removing  snags  and  overhanging  trees,  repairs 
10  dams  and  wing-dams,  and  shore  protection  to  prevent  caving  banks. 
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Money  statement 

hlyh  le79,  amount  available t"^7,454  82 

luioiiut  appropriated  by  act  ai)prove(l  June  14,  1880 20, 000  00 

$47,454  82 

fuiv  1,  1830,  amount  expended  during  fiscal  year 10, 250  16 

J.:.vl,  Ifcf^O.  amount  available 37,204  66 

A'LOQtit  (intimated)  required  for  completion  of  existing  project 85, 000  00 

Am  onut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.  80, 000  00' 


K5. 

IMPROVEMENT  OF  FLINT  RIVER,  GEORGIA. 

The  survey  for  this  improvement  was  directed  by  act  of  Congress 
approved  June  10,  1872,  and  was  made  between  November,  1872,  and 
May,  1873.  Bei>ort  was  submitted  upon  it  in  the  annual  report  from 
this  ofiice  for  the  fiscal  year  ending  June  30, 1873,  and  is  contained  in 
the  Annual  Report  of  the  Chief  of  Engineers  for  that  year. 

The  project  adopted  for  the  work  was  to  obtain  a  channel  100  feet 
^(le  and  3  feet  deep  by  removing  snags  and  overhanging  trees,  loose 
rocks  on  various  shoals,  and  blasting  channels  through  several  others. 

The  estimatedcost  of  the  improvement  from  Chattahoochee  to  Albany^ 
(ia.,  was  $184,862. 

The  amountis  appropriated  since  are  as  follows : 

ChAttahoochee  and  Flint : 

Hv  actof  Congress  approved  June  23,  1874 $25,000  00 

Bt  act  of  Congress  approved  March  3,1875 25,000  00 

H?  act  of  Congress  approved  August  14,  1876 20,0(K)  00 

By  act  of  Congress  approved  June  18,  1878 10,000  00 

By  act  of  Congress  approved  March  3,  1879 7,000  00 

By  act  of  Congress  approved  June  14,  1880 20.000  00 

Total  for  Chattahoochee  and  Flint  together 70, 000  00- 

Total  for  Flint  River  by  itself 37,000  OO 

The  last  act,  however,  prescribed  that  $10,000  of  the  amount  appro- 
priated should  be  exx)ended  between  Albany  and  Monteznma,  a  portion 
of  the  river  not  included  in  the  original  estimate,  but  which  was  examined 
under  direction  of  the  act  of  Congress  approved  June  18, 1878.  This 
examination  was  made  ^m  December,  1878,  to  January,  1879.  Eeport 
was  submitted  February  6, 1879,  and  is  contained  in  the  annual  report 
»>f  the  Chief  of  Engineers  for  the  fiscal  year  ending  June  30, 1879. 

The  project  adopted  for  this  portion  of  the  river  was  to  remove  snags 
ami  overhanging  trees,  so  as  to  give  a  navigable  channel  throughout  (an 
Kimated  distance  of  77  miles)  for  light  draught  steamers  when  the 
water  was  a  little  above  the  low-water  stage. 

The  estimated  cost  of  the  work  was  $15,100.  The  estimated  cost  of 
the  work  as  now  carried  on  would  therefore  be  $199,962. 

The  work  accomplished  up  to  the  30th  of  June,  1879,  was  as  follows : 

The  river  was  improved  thoroughly,  so  as  to  give  a  good  navigable 
<  hannel  of  the  projected  width  and  depth  from  the  mouth  up  as  far  as 
liainbridge,  Ga.,  except  at  Kob's  Kocks,  by  the  removal  of  snags^  over- 
bnging  trees,  opening  a  channel  on  the  west  side  of  Lambert's  Island, 
<iQd  the  removal  of  the  following  rock  shoals:  Bob's  ^not  quite  com- 
i»Ieted),  Broad  Axe,  Bryant's,  Versailles,  and  those  at  tne  railroad  and 
Bainbridge  City  wharves.   Above Bainbridge,  Fodderstack,  Cross  Chuti^ 

68  £ 
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and  Red  Bluff  Shoals  were  improved,  so  as  to  give  the  required  channel, 
and  Arnett's  Bridge,  at  Bainbridge,  was  removed.  A  new  hull  wan 
built  for  the  blasting  barge. 

During  the  fiscal  year  ending  June  30,  1880,  the  work  performed  on 
this  river  is  as  follows : 

The  channel  of  the  river,  to  the  projected  depth  and  width,  was  com- 
pleted by  the  removal  of  rQck,  sometimes  loose  and  at  other  times  ex- 
tending all  the  way  across  the  river,  between  Red  Bluff  and  Bainbridge, 
thus  completing  tlie  improvement  from  the  mouth  to  Red  Bluff,  10  miles 
above  Bainbridge.  Work  was  commenced  on  Winding  Shoals,  22  miles 
above  Bainbridge.  A  working  barge,  60  by  20  feet,  with  quarters  and 
hoisting  derrick,  and  dumping  scow,  35  by  18  feet,  were  also  built. 

The  following  table  shows  in  detail  the  progress  made  during  the 
year : 


^'am^H  of  plAcea. 


BaIow  Cotton  Factory 

•rhre«  Rock  Reach 

Middle  Reach 

Below  Red  Bluff 

RedBlaff 

Wimling  Shoals" 


i 

3 


2 
3 
6 

8 
10 
22 


Total 


ja 
2 

"3 

a 

5 


55 

30 
40 
20 
40 
40 


J 

•a 
a 


I 

c 


-a 


I  '  5 


100 
100 
100 
100 
100 
100 


1 
1 


rs 

*» 
a 

k 

A 

4 
4 
4 
4 
4 
4 


'     90 


f  1 


a 


36 
7« 
72 
20 
3 
21 


p 
s   . 

ti 

% 

B 
3 

"A 


■    I 


i  3 


S  :•- 

3    *     \ 


> 
1 

& 

a 
fl 


li 


f2 


4; 


r. 


50 

10 

42 

05 

10 

67 

00 

18 

185 

25 

5 

140 

D 

1 

263 

10 

0 

576 

16 

3  I 
15 
20 
12 


228 


284     62  ;i,282 


103 


*  When  finished. 


"Since  the  commencement  over  50  miles  of  river  hav^e  been  cleared,  so 
as  to  give  a  good  navigable  channel  the  entire  year. 

The  following  table  gives  location  of  principal  shoals  improved  with 
depth  and  width  of  channel  before  and  after  improvement : 


Names  of  x'laces. 


» 

M 


6 
01 

pa 

c 


X 


I 

> 


I  a  ' 

!  ■«- 


•5    '   -s 

**         a 


9 
.9 


4) 


RtMiiarkii. 


*•       r* 


I^ambert's  Island 12 

RoVsRook 10 

Broad  Axe  Rock 9i 

Bryant's  Rock 4^ 

Versailles  Rock 2 

Baiubridge 0 

Ko<lder8tack  Shoaln . . ' 

CrosM  Chute 

Below  CroMS  Chute 

Three- Rock  Reach 

Winding  Shoalw 


12 

11 

4 

3 

22 


60 
50 
70 
50 
100 
80 
75 
30 
40 
40 


100 
100 
100 
100 
100 
100 
100 
100 
100 
1(»0 
100 


1  3  New  channel  opeiie<l  on  west  side  of  island. 

0  2  Isolated  dry  bowlder,  not  ti  niched. 

\  4  Bowlder  in*  niid-chaunel. 

\  4  I  Bowlder  on  i>oint. 

0  I  4  Bowlder  in  mid-channel. 

1  4  Several  rocks  near  wharf. 

0  I  4  Dr\'  ledge  remored  to  widen  channel. 

0  4  Do. 

\  4  Loose  rocks  taken  out. 

\  4  Do. 

1  4  Work  progressing. 


.    It  is  proposed  during  the  next  fiscal  year  to  continue  this  work  at 
Winding  Shoals  to  comi>letion  and  then  to  drop  down,  removing  Craw- 
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ford*8  Point  and  sncli  other  obstructions  as  may  be  encountered,  until 
FodderBtack  Shoals  are  reached,  which  will  join  up  to  the  work  below, 
and  complete  the  improvements  from  the  mouth  to  Winding  Shoals,  22 
mile8  above  Bainbridge,  Greorgia.  It  is  then  proposed  to  tow  the  boats 
to  Hell-Gate,  1  mile  above  Winding  Shoals,  and  work  on  up  stream  as 
far  as  the  funds  will  permit. 

The  proposed  application  of  the  appropriation  asked  for  the  fiscal 
year  ending  June  30, 1882,  is  to  continue  the  work  on  to  Newton  and  as 
far  above  towards  its  completion  as  the  appropriation  will  permit. 

Tbere  is  at  present  no  commerce  above  Bainbridge,  Georgia,  and  the 
improvements  will  be  practically  dormant  until  Newton  is  reached. 
The  citizens  declare  that  they  will  have  a  line  of  boats  on  as  soon  as  the 
river  is  in  condition  to  receive  them. 

From  the  best  information  that  could  be  obtained  it  is  believed  tlie 
rirer  business  below  Bainbridge  is  about  10  per  cent,  greater  than  last 
year. 

Thig  improvement  may  be  considered  as  reasonably  ]>ermanent,  and 
it  is  estimated  that  an  annual  appropriation  of  $2,000  for  five  years 
after  the  completion  of  the  work  will  be  sufficient  to  preserve  the  im- 
proved channel  as  far  up  as  Albany.  It  is  impossible  to  estimate  at 
present  for  that  portion  below  Albany  and  Montezuma. 

Tbi«  work  is  situated  in  the  collection  district  of  Bmnswick  and  Saint  Mary's, 
<^>rj«ia;  and  Apaliicliteola,  Horida,  is  the  nearest  port  of  entry. 

Money  statement 

MyU  1879,  amount  available $10,H70  4i» 

Atoonnt  appropriated  by  act  approved  June  14,  1880 20,  (NH)  tH) 

$30.  870  49 

Jnly  1,  18B0,  amount  expended  during  fiscal  year 8, 002  97 

Jaly  1,  X'iSO,  amoimt  available 22,8d7  52 

Anionnt  (estimateil)  required  for  completion  of  existing  project 167, 829  W 

Amount  that  can  be  profitably  expended  in  iisral  year  ending  Jnne  :{0,  1  •^•52 .     50.  <M)0  00 


K  6. 

IMPROVEMENT  OF  APALACHICOLA  RIVER,  FLORIDA. 

The  survey  for  this  improvement  was  directed  by  act  of  Congi-ess 
approved  June  10,  1872,  and  was  made  between  November,  1872,  and 
February,  1873.  The  report  on  the  same  was  made  in  the  annual  report 
from  this  office  for  the  fiscal  year  ending  June  30, 1873,  and  forms  a 
{Kirt  of  the  Annual  Eeport  of  the  Chief  of  Engineers  for  that  year. 

The  project  adopted  for  the  improvement  was  to  obtain  a  good  navi- 
;:able  channel  of  (i  feet  depth  of  water  from  its  mouth  up  to  the  river 
J^tyx ;  through  that  river  to  Moccasin  Slough,  through  the  slough  to  the 
Apalachicola  Kiver  again,  and  up  it,  to  its  head,  by  the  removal  of 
Mia<;.s  and  straightening  and  widening  the  channel  of  Moccasin  Slough. 

Tb**  CHtlmated  cost  of  the  work  was $dO,  .?:W  DO 

The  appropriations  already  made  are  as  follows : 

iJy  act  of  Congress  approA-ed  June  23, 1H74 ,^10,  (HK)  00 

Hv  act  of  Congress  approved  March  3,  It^b 10. 000  (H) 

I5v  act  of  Congress  approved  June  18, 187H H,  000  0<  > 

iJy  Mt  of  Congress  approved  March  3, 1879 5, 0(H)  00 

B\  art  of  Congress  approved  June  14,  l'?c<0 2,<MM)  00 

:r»,  000  fM) 

4:^.  333  00 
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With  these  appropriatiouR  up  to  the  close  of  the  fiscal  year  endiug 
June  30, 1879,  snags  and  overhanging  trees  were  removed  from  Apa- 
lachicola  to  the  he^  of  the  river,  136  miles,  following  the  line  mentioned 
in  the  project.  In  addition  to  the  obstructions  of  this  character  in  the 
river  at  the  beginning  of  the  work,  large  accumulations  which  formed 
each  year  since  were  removed. 

Improvements  were  also  made  at  the  upper  and  lower  end  of  Mocca- 
sin Slough.  Those  at  the  upper  end,  although  improving  the  channel, 
did  not  accomplish  all  that  was  desired. 

Chipola  Cut-off,  although  not  included  in  the  original  project,  was 
improved,  by  authority  of  the  Chief  of  Enguieers,  from  its  upper  end  to 
White's  Bluff,  a  distance  of  9  miles,  giving  access  by  steamer  to  tbe 
orange-groves  along  Dead  Lake. 

During  the  past  fiscal  year  a  canal  was  cut  across  the  peninsula  Im*- 
tween  Apalachicola  Eiver  and  the  upper  end  of  Moccasin  Slougb,  70 
feet  wide  and  5  feet  deep,  to  avoid  the  abrupt  turn  at  the  junction ; 
3,611  cubic  yards  of  sticky  blue  clay  with  a  great  many  cypress  lo^'s 
and  stumps  were  removed  in  the  work,  which  was  three  times  stopped 
by  freshets.  A  raft  of  several  hundred  logs  was  removed  at  Styx 
Island,  and  another  near  the  mouth  of  Styx  Kiver. 

It  is  proposed  to  apply  the  funds  available  for  expenditure  during 
fiscal  year  ending  June  30,  1S81,  in  completing  the  canal  at  Moceaniu 
Slough,  and  in  removing  either  Styx  Island  or  the  point  opposite,  aud 
keeping  the  channel  clear  of  snags. 

The  proposed  application  of  funds  asked  for  the  fiscal  year  endiij;: 
June  30, 1882,  will  be  to  keep  the  improvements  ah*eady  completed  in 
repair,  to  keep  the  channel  free  from  obstructions,  and,  if  found  neces- 
sary, to  improve  Bluntstown  Bar  by  a  system  of  wing-dams. 

The  present  commerce  on  this  river  is  insignificant  when  compared 
with  its  former  proportions.  This  diminution  is  due  to  railroad  comiHj- 
titiou  and  the  shallow  outlet  at  Apalachicola.  With  the  river  bar  deep- 
ened to  11  feet  a  fresh  impetus  would  spring  up,  and  the  river  com- 
merce would  probably  be  increased  to  a  great  extent. 

ThiH  work  is  situated  iu  the  collection  district  of  Apalachicola. 
Apalachicola  is  the  nearest  port  <»f  eutrv.    The  amount  of  revenue  colleoted  during 
fiscal  year  ending?  June  30, 1«H0,  ^-292.50.  ' 

Money  statement. 

July  1,1879, amount  available |9.5H9  36 

Amount  appropriated  by  act  approved  June  14,  18K) 2,000  00 

|ll,r»HJKV> 

July  1, 1H80,  amount  expended  during  fiscal  year 5,  t>H3  y7 

July  1, 1860,  amount  available r>,905J^ 

A  mount  (estimated)  required  for  completion  of  existing  project 45, 000  (MJ 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  li^82..      •''.  ^  * 


K  7. 

IMPROVEMENT  OF  APALACHICOLA  BAY.  FLORIDA. 

A  survey  for  this  improvement  was  provided  for  by  act  of  Congress 
approved  July  11, 1870.  Beport  of  the  survey  is  contained  in  tbe  An- 
nual Report  of  the  Chief  of  Engineers  for  1872,  pp.  612  to  623.    A  re- 
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'lamination  was  made  in  December,  1878,  report  of  which*  is  contained 
m  Annual  Keport  of  the  Chief  of  Engineers  for  1879,  pp.  823  to  824. 

The  plan  adopted  consists  in  dredging  a  channel  through  the  bar  at 
the  month  of  the  Apalachicola  Biver,  1(K)  feet  wide  and  11  feet  deep  at 
in«iu  low-water,  following  the  natural  liue  of  deepest  water. 

The  first  appropriation,  $10,000,  was  made  by  act  of  Congress  ap- 
proved June  14, 1880. 

With  the  amount  thus  made  available  it  is  proposed  to  commence 
dredging,  according  to  the  plan,  by  contract.  It  is  proposed  to  apply 
the  appropriation  asked  for  in  continuing  the  work. 

The  work  would  not  probably  be  permanent,  but  would  require  more 
or  less  dredging  every  three  or  four  years  to  keep  the  channel  open  to 
its  full  length  and  depth. 

The  commerce  to  be  benefited  is  given  in  the  following  statement  from 
the  customhouse  records : 

Amonut  of  reremie.  coUected  at  the  port  of  Apalachicola,  Fla.,  during  the  fiscal 
}fiT  foaing  June  30,  1880,  |292.50.     Mariue-hoapital  dues  collected,  1892.81. 

VesseU.      Tons. 

Coai^twise  arrivals 24        6,265 

Anjerican,  from  foreign  countries -■ 6        2,270 

Fowijm,  from  foreign  countries 1  465 

:U        9, 000 

CoMtwLne  clearances 33        7,774 

Aiu<^rican  vf^sels  from  foreign  countries 4  913 

37        8.687 
Vt*jw»'l8  owned  in  this  district,  27  ;  1,459  tons. 

An  approxiriation  of  $90,000  is  asked  for  fiscal  vear  eudiug  Judc  30, 

1SS2. 

Thin  work  is  in  the  collection  district  of  Apalachicola,  Fla.,  and  Apalachicola  is  the 
port  of  entry. 

Money  statement 

Amonnt  appropriated  by  act  approved  June  14, 1880 $10, 000  00 

Jttlyl,  1880,  amoimt  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 90, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  90, 000  00 


K  8. 

IMPROVING  TAMPA  BAY,  FRORIDA— DEEPENING  THE  BAR  AND  CHANNEL 

FROM  THE  BAR  TO  THE  TO^^TS^  OF  TAMIM: 

The  examination  for  this  improvement  wa^s  provided  for  by  act  of 
^'ougress  approved  June  18, 1878.  It  was  made  from  Egmont  Key,  at 
the  entrance  to  Tampa  Bay,  to  the  wharves  at  Tampa  in  the  Hillsbor- 
'•»gh  River.  The  report  upon  it  is  contained  in  the  Annual  Report  of 
the  Chief  of  Engineers  for  1879,  pp.  870  to  873. 

The  project  adopted  is  to  deepen  the  present  or  old  channel  by  dredg- 
iag  to  9  feet,  with  a  width  of  200  feet  in  the  river  and  150  feet  in  the 
^v.  from  Ballast  Point  to  Tampa. 

The  first  appropriation,  $10,000,  was  made  by  act  of  Congress  ap- 
proved Jane  1^  1880.  It  is  proiK)sed  to  expend  this  amount  in  dredg- 
ing, according  to  the  above  plan,  by  couti'act. 
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It  is  proposed  to  expend  the  amount  asked  for  in  continuing  work 
according  to  the  plan.  The  improvement  would  not  probably  be  perma- 
nent. It  is  not  possible  to  estimate  the  cost  of  keeping  the  improve- 
ment when  once  effected,  but  probably  a  small  amount  compared  with 
original  cost  of  work  will  be  required. 

The  value  of  the  commerce  to  be  benefited  is  given  by  merchants  of 
Tampa  at  8500,000.  Tonnage  of  vessels  entering  the  iwrt,  2,500.  Num- 
ber of  cattle  shipped  from  Tampa  to  Cuba,  15,000. 

This  work  is  in  the  collection  district  of  Cedar  Keys,  Fla.,  and  Cedar  Keys,  Fla.,  i.s 
the  nearest  port  of  entiy. 

An  appropriation  of  $87,000  is  asked  for  fiscal  year  ending  June  30, 
1882. 

Maney  statement, 

Amonnt  appropriated  by  act  approved  June  14,  1880 110, 000  (H) 

July  1,  1880,  amount  available 10,000  00 

Amount  (estiniat-ed)  required  for  completion  of  existing  project .-. 87, 002  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18H2.  87, 000  00 


K  g. 

IMPROVEMENT  OF  SUWANEE  RIVER,  FLORIDA. 

The  examination  of  this  work  was  provided  for  by  act  of  Congress 
approved  June  18,  1878,  and  was  made  from  its  mouth  to  the  bridge  of 
the  Jacksonville,  Peusacola  and  Mobile  Eailroad,  just  below  the  mouth 
of  the  Withlacoochee  River,  near  Ellaville,  Florida.  The  report  was 
made  August  26, 1879,  and  is  contained  in  the  Annual  Report  of  the  Chief 
of  Engineers  for  1879,  pp.  857  to  863. 

The  plan  adopted  was  to  dredge  a  channel  through  the  bars  at  East 
and  West  Passes,  5  feet  deep  and  of  sufficient  width  for  the  vessels  em- 
ployed in  the  commerce  of  that  locality ;  to  remove  the  snags,  and  im- 
prove the  shoals  in  the  river,  so  as  to  give  a  depth  of  5  feet  as  high  up 
as  Roland's  Bluff,  and  from  there  to  Ellaville  of  4  feet. 

The  first  appropriation  for  the  work,  $5,000,  was  made  by  act  of  Con- 
gress approved  June  14, 1880,  which  amount  it  is  proposed  to  expend  in 
dredging  through  the  bar  at  East  Pass,  by  contract,  according  to  the 
adopted  plan,  as  far  as  the  appropriation  will  admit. 

It  is  proposed  to  expend  the  amount  asked  for  in  continuing  the  work 
according  to  the  plan.  It  is  not  thought  the  improvement  will  be  per- 
manent, but  that  a  small  amount  of  dredging  will  be  required  from  time 
to  time.  The  commerce  to  be  benefited  is  principally  in  pine,  cypress, 
and  cedar  timber,  2,000,000  feet  of  which  were  shipped  last  year.  Cot- 
ton, sirup,  and  other  farm  products  in  limited  quantity  are  also  annually 
shipx)ed,  chiefly  to  Cedar  Keys,  from  points  on  the  Suwanee  River. 

This  work  is  situated  in  the  coUection  district  of  Saint  Mark's,  Fla.,  and  Cedar  Keys 
is  the  port  of  entry. 
An  appropriation  of  $50,000  is  asked  for  fiscal  year  ending  June  30,  1882. 

Money  stutefnent 

Amount  appropriated  by  act  approved  June  14, 1880 $5, 000  00 

July  1,1880,  amount  available : 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 158  (K) 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.  50, 000  00 
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K  10. 

IMrfiOVEMENT  OF  CHOCTAWHATCHEE  RIVER,  ALABAMA  AND  FLORIDA. 

The  examination  of  this  river  was  made  under  authority  of  an  act  of 
Congress  approved  March  3, 1871,  from  its  mouth  to  Geneva,  in  the 
winter  of  1871-'72.  The  report  was  submitted  April  6,  1872,  and  is  con- 
tained in  the  annual  report  of  the  Chief  of  Engineers  for  that  year. 

The  project  adopted  for  this  improvement  was  to  remove  such  ob- 
jjtrnetlons  as  rendered  the  navigation  of  the  river  difficult  and  danger- 
ous for  the  amount  of  trade  on  the  river  at  that  time. 

llif  estimated  eont  of  carrying  oat  the  project  was ^4,  ^^2  OO 

The  ainonntH  appropriated  have  been  as  foUows  : 

H.\  an  of  Congress  approved  June  23, 1874 |5,000  00 

liv  SfCt  of  Congress  approved  March  3, 1875   5, 000  00 

i>v  iftct  of  Congress  approved  August  14, 1876 5, 000  00 

^(v  act  of  Congress  approved  March  3, 1879 5, 0(K)  00 

h\  a(  t  of  Congress  approved  June  14, 1880 7, 000  00 

*^7, 000  00 

7,332  00 

The  work  accomphshed  under  these  appropriations  up  to  the  end  of 
Mie  ti.scal  year  ending  June  30,  1879,  wa«  as  follows : 

The  river  was  cleared  of  snags  and  overhanging  trees  from  its  mouth 
aUmt  100  miles  up.  Several  sand  and  gravel  bars  were  removed,  and 
a  channel  30  feet  wide,  t^  feet  deep  at  mean  low- water,  and  150  feet  long 
H'asent  through  a  rock  shoal  about  1  mile  above  Cerro  Gordo,  or  Hewitt's 
Khiff. 

During  the  fiscal  year  ending  June  30, 1880,  about  20  miles  more  of 
*he  river  were  cleared  of  snags  and  overhanging  trees.  Three  months^ 
"iwie  was  consumed  in  removing  snags  and  other  obstructions  to  navi- 
;ratiou  which  had  accumulated  in.  that  portion  of  the  river  previously 
worked,  as  a  result  of  one  of  the  highest  treshets  known  on  this  river^ 
which  occurred  in  October,  1879. 

A  cut-off  was  opened  by  the  removal  of  snags,  stumps,  and  overhang- 
ing trees,  givnug  a  channel  60  feet  wide  and  7  feet  deep,  to  enable  boats 
•o  avoid  the  olitructions  caused  by  the  wreck  of  the  steamer  eighth  of 
•lanaary,  the  removal  of  which  was  prevented  by  too  high  a  stage  of 
water. 

Buzzard  Bar  Cut  off,  15  miles  below  Geneva,  was  also  cleared  out 
tlioroaghly  in  the  same  manner,  gl\ing  a  good  navigable  channel,  with 
iruiii  3  feet  to  0  feet  where  there  was  formerly  from  14  inches  to  2  feet^ 
ml  which  is  still  deepening. 

The  greater  portion  of  the  wreck  of  the  steamer  Boston,  including. 
ipper  deck,  side  next  to  the  channel,  shaft,  cranks,  lianges,  cylinders* 
♦•'iffine-beds,  and  other  i>arts  of  the  machinery,  was  removed  and  placea 
<lHin  the  bank  opposite.  The  part  not  removed  is  far  enough  below 
lie  lowest  stage  of  water  not  to  interfere  with  navigation. 

Five  hundreil  and  forty-six  snags,  stumps,  and  logs,  5,247  overhanging- 
'inil  submerged  trees,  22  cubic  yards  of  sand,  and  the  upper  works  and 
whinery  of  the  steamer  Boston  were  removed  during  the  year  in  the 
*bove  improvement.  About  120  miles  of  the  river,  from  the  mouth  up^ 
A«i'*  now  been  improved,  giving  a  comparatively  safe  channel  with  a 
i*'pth  of  4  feet  at  all  stages  of  the  river. 

With  the  appropriation  ma4le  by  act  of  Congress  approved  June  14, 
'^*^L  it  )8  propose  to  remove  snags,  stumps,  and  overhanging  and  sub- 
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merged  trees  from  that  portion  of  the  river  between  Buzzard  Bar  and 
Half  Moon  Bluff,  and  to  cut  a  channel  3  feet  deep  and  50  feet  wide 
through  the  rock  shoal  about  4  miles  below  Geneva.  It  is  proposed  to 
apply  the  appropriation  asked  for  to  completing  the  improvement  ac 
cording  to  the  adopted  plan,  and  to  extending  the  improvement  above 
Geneva  toward  Xewton  as  far  as  possible,  according  to  the  plan  pro- 
posed in  the  report  upon  that  portion  of  the  river  submitted  March  3, 
18S0. 

The  cost  of  improving  that  portion  of  the  river  below  Geneva  will  ex- 
ceed the  original  estimate  about  $10,(KK),  the  explanation  of  which  is 
as  follows :  The  original  estimate  was  based  upon  the  supposition  that 
the  work  would  be  pushed  through  in  a  year  or  two  at  most,  whereas 
the  appropriations  as  made  have  already  extended  the  work  six  years, 
requiring  the  expenditure  of  a  large  percentage  of  each  appropriation, 
since  the  first,  to  clear  the  portion  of  the  river  previously  worked  of 
snags  and  other  obstructions  which  annually  form  in  the  river. 

A  great  deal  of  work  has  also  been  done  not  contemplated'  in  the 

original  estimate,  which  assumed  a  depth  of  7  feet  way  through,  w^hich 

was  not  found  to  exist,  and  which  only  estimated  for  an  improvement 

for  the  trade  on  the  river  at  that  time,  whereas  the  increase  since  has 

'required  a  more  complete  improvement. 

There  is  no  doubt,  in  fact,  that  more  work  has  been  already  done,  and 
the  river  is  now  in  better  condition,  than  was  contemplated  by  the  report 
upon  which  the  estimate  was  based. 

The  improvement  of  this  river  will  not  be  permanent  in  its  character, 
but  will  require  an  expenditure  of  about  $2^000  each  year  to  keep  it  in 
good  order. 

Since  the  improvement  of  the  river  began,  and  probably  in  a  great 
measure  owing  to  its  partially  improved  condition,  there  has  been  a 
marked  increase  in  the  commerce  carried  on  between  points  on  the  river 
and  Pensa<;ola. 

As  to  the  amount  of  commerce  to  be  benefited  by  this  improvement, 
it  is  reported  that  there  are  now  25,(M)0,()00  cubic  feet  of  timber  annually 
transported  down  the  river,  and  miscellaneous  stores,  cotton,  and  gi^ain, 
up  and  down,  probably  of  nearly  equal  value. 

This  work  is  situated  in  the  collection  district  of  Peusacola,  Fla.,  and  Pensacola  is 
the  port  of  entry. 
Revenue  collected  during  fiscal  year  ending  June  30,  18H0,  $67,:j;i5.79. 

Money  statement. 

July  1,  1879,  amount  available $5, 14^  87 

Amount  appropriated  bv  act  approved  June  14,  18^0 7,  (M)O  \M) 

$1-2,  \\^  ^ 

July  1,  IvS-^O,  amount  expended  during  fi>*cal  year 4,101  :U 

July  1,  l^-iJO,  amount  available 8,047  5:^ 

Amount  (estimated)  re(|uircd  for  completion  of  existing  project 96, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     20, 000  00 
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EXAMINATION     OF     CHOCTAWHATCHEE    FROM     GENEVA    TO    NEWTON, 

ALABAMA. 

Office  of  United  States  Engineer, 

MoMlej  Ala.,  March  3, 1880. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  exam- 
ioation  of  Ohoctawhatchee  River  from  Greneva  to  Newton,  Ala.,  author- 
izrtl  by  act  of  Congress  approved  March  3,  1870: 

After  completion  of  the  field  work  on  Pea  River  the  examination  of 
tills  portion  of  the  Ohoctawhatchee  was  commenced  at  Newton,  Ala., 
ami  continued  to  Geneva,  Ala.,  a  distance  of  about  40  miles  by  river. 
The  river  for  about  10  miles  below  Newton  runs  over  a  series  of  rock 
•'IhkiIs,  then  for  about  20  miles  through  a  low,  swampy  country,  and  is 
ojade  impassable  by  the  accumulation  of  snags  and  drift-logs.  For 
the  remaining  10  miles  the  river  is  ueai*ly  free  from  obstructions  until 
the  rock  shoal  near  Geneva,  about  half  a  mile  long,  is  reached.  To  im- 
prove this  section  of  the  river  (from  Newton  to  Geneva)  for  navigation 
Iiy  light  draught  boats  during  the  season  of  high- water,  lasting  about  six 
months  during  each  year,  besides  the  removal  of  snags  and  logs^  the 
construction  of  three  locks  and  dams  would  be  necessary.  The  cost  of 
the  whole  improvement  is  estimated  at  $78,500. 

The  probable  commerce  to  be  benefited  by  this  improvement  being 
i'om|)aratively  small,  and  naturally  passing  over  the  lower  portion  of 
the  nver  to  reach  a  market,  1  would  respectfully  recommend  that  it  be 
deferred  until  that  of  the  river  below  Geneva  is  completed. 

The  report  of  Mr.  Haines,  assistant  engineer  in  charge  of  the  exam- 
ination, and  a  tracing  of  index  map  are  herewith  transmitted  for  de- 
tailed information. 

Hespectfully  submitted. 

A.  N.  Damrell, 

Captmn  of  Engineers. 

The  Chief  of  Engineers,  U.  S.  A. 


REPORT  OP  MK.    HIRAM   HAINE9,    ASSISTANT  EXGINKKR. 

Mobile,  Ala.,  October  18,  1879. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  my  examination  of  the 

<*hi)ct«whatchee  River,  from  Newton  to  its  confluence  with  Poa  River  at  Geneva, 

Ala, 

The  length  of  the  river  from  Newton  to  its  junction  with  the  Pea  River  is  about  40 
mile*.  In  the  lirst  10  miles  of  the  descent,  or  to  the  month  of  Little  Choctawhatchee 
Cr«!<ek,  the  obstractions  consist  chiefly  of  rock  shoals  and  flsh-trap  dams,  comparatively 
ffw  fallen  tree^s  and  Huags  being  observed.  The  following  20  miles  the  river  runs 
fliroaj^h  a  low,  swampy  country ;  numerous  cut-ofls  occur,  dividing  and  withdrawing 
^'iD  the  Tolttiue  of  the  main  stream,  which  becomes  tortuous,  shallow,  and  often  so 
tilM  with  snags  and  drift  as  to  be  impassable.  In  the  remaining  10  miles  but  few 
•»intnictions  of  any  kind  occur,  the  shoal  commencing  just  below  the  mouth  of 
U)uble  Bridge  Creek  and  extending  for  nearly  half  a  mile,  and  within  a  few  hundred 
M  of  the  month  of  Pea  River,  being  the  most  extensivp  and  formidable. 

The  foUowing  is  an  estimate  of  the  cost  of  improving  the  Choctawhatchee  River 
fif>iii  Xewton  to  Pea  River  to  render  it  navigable  for  barges  and  small  steamboats  for 
*^i  months  of  the  year : 

lor  the  coustmction  of  three  dams  and  locks  of  crib-work  for  ovrrcoining 
tlw»  »hoals  and  falls  between  Newton  and  the  mouth  of  Choctawhutchee 

^rf*k,  at  115,000  each $45,000  00 

forreuiiiving  snags,  fallen  trees,  and  tish-traps  in  the  first  10  miles 3,000  00 

l/.tto  next '20  miles 10,000  00 

I>itto  next  10  miles 2,000  00 

ttag.^ioat 7,000  00 


.^1 


^1 


67, 000  00 
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5(K)  linear  feet  dike,  at  $5 Q.'Mi  GO 

WHIli  near  feet  brush  dam,  at  ^ 1,500  i)0 

Dredgiuj?  and  rectification  of  channel 7,r)00  00 

78, 500  00 

The  Hanie  remarks  in  regard  to  agricultural  productions  and  the  improvement  ueees- 
sary  apply  to  this  river  as  to  the  Pea  River.  I  consider  the  construction  of  the  damH 
and  locKs  inadvi<Uible  at  the  present  time.  There  are  from  1,500  to  2,000  bales  of 
cotton  sold  annually  in  Newton,  which  would  probably  represent  the  amount  of  this 
product  that  would  seek  transportation  down  the  Choctawhatchee  were  it  improved. 
The  field  notes  give  in  detail  the  observations  made  in  the  examiuaticu. 
Very  respectfully,  your  obedient  servant, 

Hiram  Haixes, 
Asttistant  Engineer, 
Bvt.  Maj.  A.  N.  Damrell, 

Capf.f  Corps  of  Engintern,  U.  S.  A. 


K  II. 

IMPROVEMENT  OF  ESCAMBIA  RIVER,  ALABAMA  AND  FLORIDA. 

^\n  examination  and  partial  survey  of  this  river  was  made  under 
authority  of  act  of  Congress  approved  June  18, 1878,  from  the  Alabama 
and  Florida  State  line  to  its  mouth. 

Tlie  reiK)rt  on  the  same  is  contained  in  Annual  Rei)ort  of  the  Chief  of 
Engineers  for  1879,  pp.  852  and  856. 

The  plan  adopted  for  the  improvement  was  to  dredge  a  channel  through 
the  bar  at  the  mouth  of  the  river,  150  feet  wide  and  5^  feet  deep  at 
mean  low-water,  remove  the  snags  and  overhanging  trees  the  whole 
length  of  the  river,  and  construct  a  few  dams  and  wing-dams  whero  the 
channel  is  divided  or  much  widened,  and  shore  protection  where  the 
banks  show  an  inclination  to  ws^sh  and  cave. 

The  first  appropriation  for  this  work,  $8,000,  was  made  by  act  of  Con- 
gress approved  June  14, 1880. 

It  is  proposed  to  use  this  amount  in  the  dredging  mentioned  above 
by  contract,  if  reasonable  bids  can  be  obtained.  It  is  proposed  to  use 
the  amount  asked  for  in  continuing  dredging  and  carrying  on  the  other 
work  specified  in  the  plan.  The  work  wouhl  not  be  i)ermanent  in  its 
character,  but  would  require  more  or  less  dredging  and  snagging  from 
year  to  year. 

The  commerce  to  be  benefited  is  confined  to  lumber,  about  5,000,000 
feet  of  which,  including  hewn  and  sawed,  are  annually  transported  down 
the  river. 

This  work  is  situated  in  the  collection  district  of  Pensacola,  Fla.,  and  Peusnrola  is 
the  port  of  entry. 

An  appropriation  of  $17,000  is  asked  for  fiscal  year  ending  June  30, 
1882. 

Money  stateinent 

Amount  appropriated  by  act  approved  Jane  14,  1880 $8, 000  00 

July  1,  18e*0,  amount  avaUable 8,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 17, 000  (K) 

Amount  that  can  be  profitably  expended  in  fibcal  year  ending  June  30, 1882.  17, 000  00 
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K   12. 

IMPROVEMENT  OF  ALABAMA  RIVER,  ALABAMA. 

The  examination  and  partial  survey  of  this  river  was  provided  for  by 
Ml  of  Congress  approved  March  3,  1875.  It  was  made  during  the 
3ioDths  of  July  to  October,  1875. 

The  report  was  made  on  the  8th  of  March,  1876,  and  is  contained  in 
the  Annual  Report  of  the  Chief  of  Engineers  for  1876.  The  project 
hiopted  was  to  obtain  a  channel  200  feet  wide  and  4  feet  deep  at  low- 
water. 

n^  estimated  cost  was $229,741 

The  appropriations  made  for  the  work  are  as  follows : 

Byactof  Congress  approved  June  18, 1878 $25,000 

By  aet  of  Congress  approved  March  3, 1879 30,000 

H\  a«t  of  Congress  approved  June  14,  1880 25, (XK) 

80, 000 

149,741 

Work  upon  this  improvement  was  commenced  in  the  fiscal  year  end- 
ing,' June  '60, 1879. 

The  work  accomplished  during  that  year  was  the  closing  of  the  cut- 
olT  about  2.J  miles  above  the  mouth  by  a  brush  and  stone  dam,  which, 
however,  was  not  quite  completed,  and  the  removal  of  320  snags,  clear- 
in?  the  river  for  about  50  miles  from  its  mouth.  During  the  year 
ending  June  30,  1880,  the  dam  across  the  cut-off  was  completed.  Its 
length  is  1,125  feet  and  height  from  8  to  18  feet,  width  on  top  of  20' 
t'eet :  about  150  tons  of  stone,  obtained  60  miles  up  the  river,  were  used 
Jn  capping  the  central  portion.  A  wing-dam  350  feet  long  was  ex- 
tended from  the  dam  into  the  river  to  prevent  scour  along  its  base,  and 
also  to  concentrate  the  current  so  as  to  scour  out  a  channel  through  the 
i>ar  in  the  river  below.  The  dam  at  the  last  examination  was  reported 
tight,  and  5  feet  depth  at  low-water  on  the  bar  in  the  river  below.  At 
Haynes'  Island,  94  miles  higher  up,  20  miles  above  Claiborne,  3  chutes 
were  closed  by  brush  dams,  2  wing-dams  were  built,  and  all  snags  re- 
moved from  the  channel ;  2,482  linear  feet  of  dams  and  wing-dams 
w^ere  required  at  this  point,  and  the  channel  was  deepened  by  them 
trom  2J  feet  to  4  feet  at  low-water.  At  Erwin's  Bar,  115  miles  above 
Mobile,  2,400  piles  were  collected ;  but  a  rise  in  the  river  prevented  the 
prosecution  of  the  work.  At  Hobbs'  Bar,  the  left-hand  chute  was 
'losed  by  a  stone  dam  (pierre  perdue)  435  feet  long  and  6  feet  high. 
Tbere  were  used  in  its  construction  600  cubic  yards  of  rock  and  800 
'•nbic  yards  of  gravel.  The  depth  of  the  bar  in  the  main  channel  was 
•ltei>en©d  fit)m  3  feet  to  4  feet.  At  Yellow  Jaeket  Bar  the  right-hand 
'bate  was  partially  closed,  600  cubic  yards  of  rock  being  placed  in  po- 
sition. At  Ocurdner's  Island,  16  miles  above  Selma,  and  one  of  the 
^orst  places  on  the  river,  snags  were  removed  and  mattresses  of  cane 
md  piles  were  collected  and  prepared  for  closing  the  left-hand  chute. 

Four  hundred  and  ninety  snags  were  removed  from  the  river  during 
*be  season. 

From  December  7, 1879,  to  May  17,  1880,  work  was  stopped  on  the 
river  by  high-water,  during  which  time  the  boats  were  docked,  calked^ 
f^'iwiired,  and  put  in  good  order. 
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The  following  tabic  shows  the  amount  and  character  of  work  accom- 
plished from  the  commencement  to  the  end  of  the  fiscal  year  ending 
June  30,  1880 : 
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It  is  proposed  to  use  the  funds  available  during  the  coming  fiscal 
year — 

1st.  To  complete  the  improvements  at  Erwin's,  Yellow  Jacket,  and 
Gardnei-'s  Island. 

2d.  To  remove  snags  and  sunken  logs  from  the  channel  as  high  up  as 
Montgomery. 

3d.  To  survey  as  many  bars  as  opportunity  permits.  (This  work  is 
(juite  essential,  because  out.  of  77  bars  reported  in  the  survey  of  187<) 
as  requiring  other  work  than  snagging  only  7  were  surveyed  and 
mapped.) 

4th.  To  improve  such  bars  as  sui*veys  or  information  from  pilots  may 
indicate  as  being  most  troublesome  to  navigation.  The  stage  of  water 
in  the  river  from  time  to  time,  aud  other  circumstances  that  cannot  bo 
foreseen,  make  it  impracticable  to  particularize  more  definitely  a  scheme 
of  operations  for  the  ensuing  year. 

The  api^ropriation  asked  for  for  the  fiscal  year  ending  June  30, 1862, 
it  is  proposed  to  expend  in  continuing  and  perfecting  the  work  of  im- 
provement on  the  plan  recommended  in  the  annual  report  for  1876  as  now 
partially  cai*ried  out.  As  far  as  practicable,  it  is  designed  to  remove 
obstacles  and  improve  bars  in  the  order  of  their  importance,  such  a 
course  being  most  acceptable  to  steamboatmen. 

The  amount  required  for  the  completion  of  the  work  as  designed,  ex- 
clusive of  former  appropriations  ($80,000),  is  estimated  at  $150,000.  Of 
this  amount,  $60,000  can  be  profitably  used  during  the  fiscal  year  ending 
June  30,  1882. 

The  work  when  completed  will  not  be  permanent,  but  it  will  require 
yeairly  removal  of  snags,  for  executing  which  a  suitable  steamboat  work- 
ing five  months  in  each  year  at  an  annual  co.st  of  $S,000,  will  probably 
be  sufiicient. 

The  results  eflTected  by  the  work  already  done  are,  increased  safety  to 
navigation  from  the  removal  of  dangerous  logs;  greater  regularity  with 
less  time  consumed  in  making  trips  during  low- water ;  the  boats  now  run 
all  night,  where  they  were  obliged  formerly  to  tie  up,  and  greater  loads 
are  carried  in  consequence  of  deepening  the  water  over  the  worst  bars. 
Between  the  cut-off  and  the  mouth — 20  miles— the  people  were  deprived 
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»t  river  facilities  during  low-water^  as  the  boats  were  then  compelled  to 
[rtiss  through  the  cu^off  into  the  Tombigbee.  Now  that  part  of  the  river 
w  navigable  at  all  times,  and  the  serious  inconvenience  heretofore  expe- 
rienced by  the  planters  therCj^from  their  interrupted  communications, 
has  been  done  away  with.  The  completion  of  this  work  will  greatly 
fxtend  and  add  to  the  benefits  already  felt  from  its  prosecution. 

The  increase  in  the  business  that  w^iU  result  cannot  be  definitely  stated, 
bat  on  general  principles  it  is  evident  that  when  the  Alabama  with  a 
low-water  volume  exceeding  that  of  the  Ohio,  shall  be  opened  to  safe 
and  uninterrupted  navigation,  the  augmented  facilities  for  transporta- 
tion, with  its  lessened  cost,  will  greatly  stimulate  both  traffic  and  travel 
<»n  the  river.  New  branches  of  trade  and  diversified  agricultural  pur- 
suits will  be  encouraged,  and  when  the  improvements  now  in  progress 
on  the  Coosa  are  completed  the  mineral  resources  of  that  region  will  be 
larjcely  developed  in  consequence  of  the  cheap  and  easy  outlet  afforded 
l>y  the  improved  Alabama.  Forty-six  thousand  seven  hundred  and 
twenty-three  bales  of  cotton  and  other  merchandise  of  equal  value  were 
transported  up  and  down  the  river  during  the  year. 

The  work  is  situated  in  the  collection  district  of  Mobile^  and  commences  50  miles 
aliove  that  port  of  entry. 
The  amonnt  of  revenue  collected  at  Mobile  during  the  past  fiscal  year  was  ^3,94().d9. 

Money  statement, 

Jnkl,  ld79,  amonnt  available P3,312,32 

AoMHmt  appropriated  by  act  approved  June  14,  1880 25, 000  00 

|58, 312  32 

Jaly  1,  1«80,  amount  expended  during  iiscal  year 17, 770  08 

July!,  18»:i0,  amonnt  available 40,542  24 

Amuimt  (estimated)  re<|uired  for  completion  .of  existing  project 149, 741  00 

Amonut  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1882.     80, 000  00 


K13. 

IMPROVEMENT  OF  WARRIOR  AND  TOMBIGBEE  RIVERS,  ALABAMA   AND 

MISSISSIPPI. 

I. — BLACK  WARRIOR  RIVER. 

The  survey  of  this  river  was  made,  in  compliance  with  provisions  of 
the  river  and  harbor  act  of  June  23, 1874,  from  its  mouth  to  Locust 
Fork,  from  Angost  to  November,  1874.  The  report  upon  it  was  submit- 
ted January  27, 1875,  and  forms  a  part  of  the  Annual  Eeport  of  the  Chief 
of  Engineers  for  that  year. 

The  project  adopted  was  to  so  improve  the  river  as  to  give  a  channel, 
^  feet  wide  and  4  feet  deep  at  low-water,  from  the  mouth  up  to  Tusca- 
loosa, Ala.,  by  the  removal  of  snags,  overhanging  trees,  and  deepening 
^^^Di  by  the  construction  of  dams,  wing-dams,  dredging,  and  blasting ; 
the  estimated  cost  of  which  was  $151,103. 

Work  was  commenced  on  this  improvement  in  July,  1875,  and  was 
<'ontinaed  during  low-water  until  September,  1879,  under  the  following 
appropriations : 

By  Mtof  March  3,  lc^5,  |25,000  for  the  Black  Warrior  below  Tuscaloosa,  and  Tom- 
^gbee  below  ]>einopoUB. 

By  act  of  AngQSt  14,  1876,  $15,000  for  the  improvement  of  the  Warrior  and  Tom- 
bigbee. 
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Bv  act  of  June  IH,  1878,  $40,000,  $28,000  on  the  Warrior  and  Tombigbee,  $12,00) 
on  Tombigbee  above  Columbus,  Miss. 

By  act  of  March  3,  1879,  $30,000,  of  which  sum  $10,000  shall  be  expended  on  tLe 
TonibiglM'e  above  Columbus,  and  $20,000  on  the  Warrior  and  Tombig)>ee  oelow  Colum- 
bu8.  Miss. 

By  act  of  June  14,  lf^80,  $47,0(X),  of  which  $20,000  shall  be  expended  on  the  Warrior, 
$12,000  on  the  Tombig1>ee  between  Columbus)  and  Vienna,  and  $15,000  on  Tombig- 
bee below  Vienna. 

Of  this  amount  $li>2,213.04  has  been  expended  on  the  Warrior  below 
Tuscaloosa,  and  the  Tombigbee  from  Columbus  to  the  mouth. 
The  work  done  up  to  June  30, 1879,  on  the  Warrior  below  Tuscaloosa 

is  as  follows : 

• 

Number  of  bars  improved  to  the  projected  depth  and  width  30  (former  depth  from 
1^  to  2^  feet). 

Number  of  bars  improved  but  needing  additional  work  to  remove  shoals  found  be- 
low, 8  (former  depth  U  to  2^  feet,  present  depth  2^  feet). 

Number  of  logs  removed,  3,911. 

Number  of  trees  cut,  2,925. 

Liuear  feet  of  dams  and  wing-dams  built,  16,077. 

Linear  feet  of  bank  protection,  1,281. 

The  boats  and  outfit  built  and  purchased  have  absorbed  the  remain- 
der of  the  amount  expended.  No  work  was  done  on  this  improvement 
durring  the  last  fiscal  year,  for  the  reason  that  complaints  having 
been  nuule  That  all  the  funds  were  being:  expended  on  the  Warrior 
below  Tuscaloosa*  and  Tombi|Lfbee  below  Columbus  (which,  however,  the 
appropriations  up  to  that  time  apparently  im])lied  as  the  locality  for 
the  work  provided  for),  by  authoritj'  of  the  Chief  of  Engineers  the 
working  force  wa«  transferi'ed  from  the  AVarrior  to  the  Tombigbee,  and 
the  balance  of  the  funds  retained  to  equalize  as  far  as  possible  the  ex- 
penditures on  both  rivers. 

The  improvement  already  effected  has  given  4  feet  depth  of  water  on 
many  bars  formerly  impassable  at  low-water,  and  esbiblished  the  fact 
that  this  depth  can  be  secured  up  to  Tuscaloosa. 

The  bars  on  the  lower  part  of  the  river  not  yet  having  beeu  improve<l, 
l>revents  the  full  benefit  from  the  improvement  above,  and  gives  only  2J 
feet  as  the  low-water  depth  throughout.  This  allows  boats  to  run  througb 
to  Tuscaloosa  on  a  2-foot  rise,  when  formerly  they  were  stopped  at  Lo;j 
8hoals,  70  miles  below.  Light-draught  boats  also  make  trips  to  Candy'** 
Landing,  25  miles  above  Demopolis,  at  all  times,  which  was  formerly 
impracticable. 

The  actual  working  time  on  this  river  was  eighteen  months. 

To  complete  the  improvement  will  re<iuire  more  or  less  work  on  about 
oO  bars,  slight  alteration  and  repairs  to  work  already  done,  and  the  clear 
ing  of  the  river,  its  full  length,  of  snags  and  overhanging  trees  which 
have  accumulated  since  the  work  wa*s  suspended. 

The  work  done  upon  this  river  will  need  annual  revision.  Slides  an* 
of  quite  common  occurrence,  which  throw  ti^ees  into  the  river  and  form 
obstructions.  From  two  to  three  months'  work  of  a  steam  snag-boat  will 
be  required  every  year  to  keep  the  channel  clear  and  the  work  in  efficient 
condition.  An  average  annual  expenditure  of  $3,000  will  doubtless  b(* 
sufficient  for  this  purpose. 

When  the  improvement  is  finished  and  navigation  to  Tuscaloosa  made 
easy  throughout  the  year,  the  immediate  result  will  be  an  annual  saving 
in  cotton  transx>ortation,  during  the  months  of  September,  October,  and 
November,  of  *i.50  iier  bale  on  about  15.(K>0  bales,  amounting  to  $22,r)(>0. 
The  saving  on  return  freights  will  raise  this  amount  to  over  $30,0(K>.  At 
present,  during  the  above-named  months,  rail  tnuisportation  mouoi  o- 
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lizes  the  bnsiuess,  with  a  charge  of  $2.50  per  bale.  When  the  business 
i>  comi)eted  for  by  both  rail  and  river  the  rates  are  reduced  to  $1  per 
liale,  and  often  less.  The  main  increase  in  business  that  will  result  fit>m 
the  completion  of  the  Warrior  Eiver  improvement  will  be  in  the  trans- 
{lortatiou  of  coal  from  Tuscaloosa,  which,  with  navigation  made  practi- 
cable for  barges,  will  undoubtedly  become  extensive  and  of  great  im- 
{)ortance. 

It  is  proposed  to  use  the  funds  available  for  expenditure  during  the 
fi>cal  year  ending  June  30, 1881,  in  thoroughly  cleaning  the  river  of  logs 
Mow  Tuscaloosa,  in  improving  the  shallowest  bars  from  Demopolis  to 
Ea^tport,  a  distance  of  50  miles,  and  in  providing  the  outfit  needed  for 
this  work. 

The  appropriation  asked  for  for  the  fiscal  year  ending  June  30,  1882, 
would  probably  be  spent  in  continuing  the  improvement  below  Easti>ort, 
aud  in  finishing  the  improvement  above  Finch's  Ferry. 

Namber  of  bales  of  cotton  transported  down  this  river  during  fiscal 
year  ending  June  30,  1880,  15,415. 

This  work  i»  situated  iu  the  conection  district  of  Mobile,  Ala.,  and  Mobile  in  the 
|k»rt  of  entry. 
Rf  vemie  collected  during  fiscal  year  ending  June  JO,  1880,  $6(),946.09. 

II. — TOMBIGBEE  RIVER. 

The  examination  of  this  river,  which  was  i>rovidcd  for  by  act  of  July 
11, 1S70,  was  made  December,  1870,  to  March,  1871,  from  Columbuj^, 
Miss.,  to  its  mouth.  The  report  being  unfavorable  and  unsatisfactory, 
a  reexamination,  from  Jones's  Blufif,  49  miles  above  Demopolis,  to  the 
lower  end,  was  made  soon  after,  in  connection  with  other  works,  and  re- 
ported upon  April  17, 1871. 

The  project  was  adopted  in  1871,  and  contemplated  the  removal  of 
jioags  at  Slater's  Rocks,  152  miles  above  Mobile,  and  at  Ten- Mile  Shoals, 
Hboat  10  miles  below  Columbus,  Miss.  The  removal  of  a  wreck  at  Perry's 
Landing,  dredging  through  the  shoals  at  same,  127  miles,  and  at  Osage 
Bar,  155  miles  above  Mobile,  widening  the  channel  at  McGrews'  Shoal, 
122  miles  above  Mobile,  and  reconstructing  the  wing-dams  at  Pearson's 
8hoal,  213  miles  above  Mobile.    The  estimated  cost  was  $21,500. 

The  first  appropriation  was  made  by  act  of  June  10,  1872,  $10,0(M)  in 
amount.  Work  was  commenced  in  August,  1872,  at  a  point  102  miles 
alwve  Mobile,  and  continued  until  the  18th  of  December,  when  a  rise  in 
the  river  compelled  a  suspension  of  operations.  At  a  point  214  miles 
above  Mobile  250  snags  were  removed  from  the  portion  of  the  river 
improved,  at  a  total  cost,  for  snag-boat,  outfit,  supplies,  and  labor,  of 
?>^2.95. 

The  act  of  March  3, 1873,  directed  that  the  amount  appropriated  by 
the  fonner  act  should  be  expended  in  the  State  of  Mississippi.  The. 
work  was  then  transferred  to  the  charge  of  Major  McFarland,  Corps  of 
Engineers,  U.  S.  A.  The  balance  of  the  approi)riation,  $4,607.05,  was 
ex|>ended  by  that  officer  in  1873,  1874,  in  improving  that  portion  of  the 
river  between  Aberdeen  and  Bar's  Ferry  above,  by  the  removal  of 
^uagB,  drift,  and  overhanging  trees. 

By  act  of  March,  1875,  $25,000  was  appropriated  for  the  improvement 
<»f  the  Tombigbee  below  Demopolis  and  the  Black  Warrior  below  Tusca- 
i<>osa  jointly.  By  act  approved  August  14,  1876,  $15,000  was  appropri- 
at«^  for  the  WaiTior  and  Tombigbee  together.  By  act  of  June,  18, 187S, 
*10,000  was  appropriated  for  the  Warrior  and  Tombigbee.  The  act  of 
Man'h  3,  1879,  appropriated  $30,000,  and  specified  that  $10,000  should 
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be  expeDded  above  Columbus  and  $20,000  on  the  Warrior  aud  Tombij:^- 
bee  below  Columbus.  The  act  of  June  14,  1880,  appropriated  $47,000, 
of  which  $20,000  was  to  be  expended  on  the  Warrior,  $12,000  on  the 
Tombiirbee  between  Columbus  and  Vienna,  and  $15,000  on  the  Tombig- 
bee  below.  Vienna.  Under  these  appropriations  work  was  resumed  on 
the  Tombigbee  in  September,  1878,  and  has  been  continued  to  the  end 
of  the  fiscal  year  ending  June  30,  1880,  during  low-water,  a  total  ^tual 
working  time  of  ten  months.  During  the  progress  of  the  work  it  was 
ascertained  that  it  was  possible  to  make  a  much  greater  improvement 
of  this  river  than  wa«  originally  supposed  or  proposed,  and  the  first 
project  was  modified  in  1879,  the  object  of  the  modified  project  being  to 
afford  a  channel  of  navigable  width,  and  not  less  than  4  feet  depth, 
from  the  mouth  to  Demopolis,  and  not  less  than  3  feet  depth  from  De- 
mopolis  to  Columbus,  at  an  estimated  cost  of  $170,000. 

During  the  year  ending  June  30,  1879,  Turkey  Shoal  was  improved, 
by  scraping  and  the  construction  of  wing-dams,  so  as  to  give  nearly  4 
feet  where  there  was  formerly  18  inches  of  water.  Barney's,  Sellars's, 
and  Osage  bars  were  deei)ened  from  2  feet  to  4  feet,  and  works  for 
deepening  Hatcheetigbee  completed.  Three  thousand  three  hundred 
and  five  linear  feet  of  wing-dams  were  built  in  these  works,  and  911 
logs  were  removed. 

During  the  year  ending  June  30,  1880,  work  was  commenced,  July  7, 
1879,  at  Peavey's;  but,  owing  to  complaints  that  a  disproportionate 
amount  of  the  appropriations  was  being  expended  below  Demopolis,  it 
was  determined  to  commence  work  above.  A  steamboat  was  chartere<l 
for  use  as  a  tow-boat  and  transport,  and  on  the  7th  the  boats  left 
Peavey's.  On  the  way  up  the  river  a  flaw  in  the  boiler  was  discovered, 
and  the  boat  having  proved  otherwise  unsatisfactory,  she  was  sent  back 
to  Mobile  and  exchanged  for  another.  This  caused  delay,  and  it  was 
not  until  the  19th  that  the  fleet  reached  the  mouth  of  the  Warrior,  1 
mile  above  Demopolis.  At  this  point  work  was  commenced,  and  carried 
on  up  stream  for  20  miles,  ten  bars  being  surveyed  and  improved  in  that 
distance.  This  portion  of  the  river  was  found  to  be  very  shallow,  the 
bars  attording  in  some  cases  only  1 J  foot  of  water,  and  the  intervals  be- 
tween bars  generally  not  exceeding  4  to  6  feet  in  depth.  These  shallow 
reaches  made  it  necessary  in  some  cases  to  extend  parallel  jetties  con- 
siderably below  the  original  bar  in  order  to  dissipate  the  material 
scoured  out  over  a  larger  space,  aud  thus  prevent  the  formation  of  run- 
bars.  Another  force  was  organized  at  Columbus,  and  commenced  work 
August  26, 1879,  at  Curtis  Island,  a  short  distance  below  Columbus,  and 
moved  down  the  river  to  '*  Ten-Mile  Shoals,"  partially  improving  that 
portion  of  the  river. 

On  the  23d  of  November  work  was  suspended  on  account  of  high- 
water.  The  log-boat  was  sent  to  Mobile  for  repairs  and  to  be  laid  up 
for  the  winter.  The  other  boats — part  of  the  original  outfit,  built  at 
Tuscaloosa  in  1875,  at  light  cost,  for  temporary  use — liad  become  com- 
pletely unserviceable.  Being  much  decayed,  they  could  not  be  caulked, 
and  had  of  late  been  kept  afloat  with  some  difficulty.  As  they  could 
neither  be  stored  up  the  river  nor  sent  to  Mobile,  they  were,  with  one 
exception,  filled  with  rock  and  utilized  in  jetties  at  Black  Snake.  One, 
the  best  of  the  hit,  was  started  for  Mobile  with  the  log-boat;  but  it 
sunk  during  the  first  night,  aud  was  abandoned. 

On  the  Ist  of  May  the  log-boat  and  a  new  barge  were  taken  in  tow  at 
Mobile  to  be  moved  up  to  Ten-Mile  Shoals,  20  miles  below  Columbus, 
Miss.    This  place  was  reached  on  the  11th,  and  work  commenced  on  the 
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oext  day.    Some  days  afterwards  a  small  quarter-boat  arrived  from 
Aberdeen,  and  by  the  end  of  the  month  a  fall  force  was  organized. 

At  Ten-Mile  Shoals  (so  called  from  their  length)  the  river  meanders 
between  low  alluvial  banks  of  light  sandy  soil  that  yields  readily  to  the 
action  of  the  cnrrent.  Every  bend  is  a  caving  bank,  with  a  gravel  bar 
opposite.  As  the  banks  recede,  throwing  their  timber  into  the  stream^ 
the  gravel  bars  advance,  covering  up  the  fallen  trees,  so  that  the  river- 
bed, from  bank  to  bar,  is  choked  with  logs.  !N'avigation  at  low- water  is, 
of  coarse,  impossible,  and  boats  seldom  attempt  it  on  less  than  a  6-foot 
stage.  Shoals  appear  at  intervals,  affording  only  14  to  18  inches  of 
water.  These  occur  at  the  '^  crossings; "  that  is,  where  the  current  crosses 
over  from  bend  to  bend.  In  bends  the  water  is  deep,  often  as  much  as 
20  feet.  The  improvement  needed  is  to  remove  the  logs,  deepen  the 
shoals,  and  protect  the  caving  banks  to  make  them  permanent.  To  ac- 
complish this  IdvSt  result  the  plan  adopted  is  to  build  spurs  of  brush  and 
gravel,  secured  between  rows  of  small  piles,  from  the  top  of  the  bank 
sloping  down  to  the  water  and  extending  into  it  10  or  15  feet.  It  is  gen- 
erally possible  to  select,  as  the  terminus  of  the  spur,  a  large  root  of  a 
tree  lately  fallen,  the  trunk  of  which  lies  parallel  with  the  bank.  The 
Iog8  removed  from  the  channel  are  placed  along  the  bank  below  the 
spars,  with  the  expectation  that  a  deposit  will  take  place  in  the  eddies 
(^nsed  by  the  spurs,  and  in  time  cover  the  logs.  When  a  rise  in  the 
river  occurs,  the  banks,  which  are  only  8  to  12  feet  above  low- water,  are 
i^ooD  overfloweil,  and  the  current  sweeps  through  the  swamps,  being  al- 
most destroyed  in  the  channel.  Hence,  it  is  reasonable  to  suppose  that 
the  spurs  will  prove  effective.  Up  to  this  time  nearly  1  mUe  at  the 
lower  end  of  Ten-Mile  Shoals  has  been  improved  according  to  the  plan 
above  described. 

The  funds  available  during  the  fiscal  year  ending  June  30, 1881,  should 
be  used  in  completing  the  improvement  of  Ten-Mile  Shoals,  and  in  con- 
nection with  the  funds  available  for  the  Warrior,  in  building  a  steam 
siiag  and  tow  boat  for  the  joint  uge  of  the  Warrior  and  Tombigbee. 

The  appropriations  asked  tor,  for  the  fiscal  year  ending  June  30, 1882, 
should  be  applie<I  to  the  completion  of  the  improvement  between  Co- 
larabusand  Demo])olis,  and  to  the  revisiou  and  extension  of  the  improve- 
ment below  Demopolis. 

This  improvement,  like  that  of  the  Warrior,  and  for  the  same  reasons, 
will  need  annual  revision  after  completion ;  $5,000  willbe  a  sufficient  an- 
noal  appropriation  for  this  purpose.  Should  a  steam  snag-boat  be  built 
for  joint  use  of  the  improvements  on  these  rivers,  she  can  be  utilized 
after  the  completion  of  the  work  in  maintaining  its  efficiency. 

The  work  thus  far  executed  on  the  Tombigbee  improvement  has 
greatly  lessened  the  dangers  of  navigation  below  Jackson,  and  has  ex- 
tended low- water  navigation,  for  light-draught  boats,  100  miles. 

The  completion  of  the  iinfirovement,  as  contemplated,  will  give  an 
Qnintemipted  water  communication  from  Mobile  to  Columbus,  Miss.,  a 
dwtauce  of  416  miles.  Fii>m  60,000  to  70,000  bales  of  cotton  are  now 
^oaally  taken  down  this  river  <luritig  the  winter  season. 

With  navigati«>u  open  all  the  time,  this  amount  will  be  much  increased, 
^  general  traffic  and  travel  greatly  stimulated.  No  definite  data  are 
accessible  on  which  to  base  a  close  estimat4«  of  the  amount  of  business 
to  be  anticipated  with  an  improved  river.  One  result,  however,  can  be 
^olldently  predicted.  When  a  continuously  oi>en  river  shall  be  main- 
taine<l  throughout  the  year,  the  couipetition  between  railroads  and  steam- 
Wi«  that  prevails  now  oiiiv  in  the  winter  aiul  sjjring,  the  saving  to  the 
(JO  K 


1090     REPORT   OF   THE   CHIEF  OF  ENGINEERS,    U.    8.   ARMY. 

commanity  on  a  year's  basiness,  in  the  cost  of  transportation  of  cottou 
alone,  must  exceed  $100,000. 

The  following  tables  present  a  detailed  statement  of  the  work  done 
and  its  resultH : 
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This  work  is  in  the  collection  district  of  Mobile,  Ala.,  and  Mobile  is  the  i>ort  of 
entry.     Revenne  ooUected  for  fiscal  year  ending  Jane  30,  ISSO,  |63,946.09. 

Money  statement, 

Jnly  1,  1879,  amount  available $30,229  48 

Amount  appropriated  by  act  approved  Jnne  14,  1880 47, 000  00 

$77,229  4p 

July  1, 1880,  amount  expended  dnring  fiscal  year 22,442  52 

July  1,' 1880,  amount  available 54, 786  jfi 

Amount  (estimated)  required  for  completion  of  existing  project 203, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882 : 

For  Warrior  River $50,000  00 

For  Tombigbee River 50,000  00 

^  ! 100,000  00 
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The  appropriation  asked  for  the  fiscal  year  ending  Judo  30, 1882,  is 
proposed  to  be  expended  in  preserving  the  improvement  accomplished. 
It  is  estimated  that  a  yearly  appropriation  of  $2,000  will  be  required  to 
keep  this  section  of  the  Tombigbee  River  in  navigable  condition. 

Before  the  commencement  of  this  improvement  all  cotton  and  other 
produce  had  to  be  hauled  about  20  miles  to  the  railroad  and  pay  high 
rates  of  freight.  As  soon  as  the  river  is  made  navigable  cheap  freights 
will  increase  the  trade  and  tend  to  induce  farmers  to  settle  in  this  sec- 
tion of  the  country. 

The  original  estimated  cost  of  the  work  nuder  existing  project  is  |35,000. 
Total  amount  appropriated,  $30,667.05. 

An  appropriation  of  $2,000  is  asked  for  the  fiscal  year  ending  June 
30,  1882,  for  the  preservation  of  the  improvement. 

This  work  is  situated  in  the  collection  district  of  Mobile,  Ala.,  and  Mobile  is  tho 
port  of  entry. 

Money  statement 

July  1,  1K79,  amount  available |19,14d  95 

Amount  appropriated  by  act  approved  J  uue  14,  lb80 4, 000  00 

:  $23, 148  93 

July  1,  1880,  amount  expended  during  fiscal  year 8, 072  22 

July  1,  1880,  amount  available : 15,076  73 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.      2, 000  00 


K  15. 

IMPROVEMENT  OF  NOXUBEE  RIVER,  MISSISSIPPI. 

This  cxamiDation  of  this  river  was  provided  for  by  an  act  of  Congrei^s 
approved  March  3,  1879.  It  was  made  from  the  mouth  to  Macon,  Miss. 
The  report  upon  it  was  made  March  6, 1880. 

J  he  plan  adopted  for  it  is  to  remove  such  overhanging  trees  and  other 
obstructions  on  the  portion  of  the  river  above  mentioned  as  to  give  a 
navigable  channel  during  about  nine  months  of  the  year. 

The  first  appropriation  for  this  work  ($12,000)  was  made  by  act  of 
Congress  approved  June  14, 1880.  It  is  proposed  to  expend  this  amount 
in  removing  snags  and  overhanging  trees  as  far  as  possible  with  the 
means  to  give  a  navigable  channel  between  Macon  and  the  mouth  of  the 
river  during  about  nine  months  of  the  year,  or  whilst  the  river  is  a  little 
above  the  lowest  stage.  It  is  proposed  to  apply  the  appropriation  asked 
for  in  continuing  the  work  according  to  the  plan  specified.  The  work 
would  not  be  permanent,  but  a  small  amount  each  year  would  be  re- 
quired to  keep  the  channel  clear  of  snags  and  leaning  trees. 

The  benefit  to  be  derived  from  the  improvement  is  the  saving  in  freight 
on  cotton  and  other  produce,  and  supplies  of  planters  along  the  river, 
the  greater  part  of  whom  are  now  obliged  to  haul  them  a  distance  of 
about  15  miles  to  stations  on  the  Mobile  and  Ohio  Railroad,  over  heavy 
prairie  roads,  and  then  pay  much  higher  freights  than  tiiey  would  have 
to  with  an  open  river. 

The  amount  of  the  commerce  is  estimated  at  about  15,000  or  16,000 
balcA  of  cotton,  and  about  an  equal  value  of  other  products  and  return 
suppl  ies.  This  may  be  considerably  increased.  The  improvement  of  the 
river  will  in  the  future  possibly  furnish  the  means  for  supplying  cheap 
fuel  from  the  Sipsey  coal -fields  to  the  inhabitants  of  this  section. 
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An  appropriation  of  $25,000  is  asked  for  fiscal  year  ending  June  30. 

Thlf  work  is  situated  in  the  collection  district  of  Mobile,  Ala.,  and  Mobile  is  the  port 

Gentry. 

Money  atcitement 

AjDoaut  appropriated  by  act  approved  June  14,  1880 (IS,  000  00 

Jaly  1,1880,  amount  available 12,000  00 

loioant  (estimated)  required  for  completion  of  existing  project 53, 245  25 

imonot  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .  25, 000  00 


examination  of  noxubee  bivek,  mississippi. 

Office  of  United  States  Engineer, 

Mobile  J  Ala.y  March  6, 1880. 

Sib  :  I  bave  the  honor  to  submit  the  following  report  on  the  examina- 
tion of  Noxabee  River,  Mississippi,  authorized  by  act  of  Congress  ap- 
prored  March  3, 1879,  and  assigned  to  me  by  letter  dated  April  25, 1879. 

This  examination  was  commenced  at  Macon,  Miss.,  which  is  considered 
the  head  of  navigation,  although  boats  have  run  higher  up  the  river,  as 
two  loir  bridges,  without  draws,  cross  the  river  at  this  point.  The  distance 
irom  Macon  to  the  mouth  is  69  miles. 

With  the  exception  of  a  few  shoals,  the  principal  obstructions  to  the 

navigation  of  the  river  are  snags,  drift-logs,  fish-traps,  and  overhanging 

trees.    The  shoals  are  formed  of  white  lime  rock,  easily  excavated  and 

iremoved.    The  improvement  of  the  river  is  practicable  and  compara- 

tirelj  inexpensive. 

The  direct  benefits  to  be  derived  from  the  improvement  would  be,  better 
^ilities  and  reduced  freight  rates  for  the  transportation  of  the  produce 
of  the  country  lying  near  the  river,  consisting  chiefly  of  cotton  and  com, 
both  of  which  are  raised  in  large  quantities ;  and  the  prairie  belt,  through 
which  the  river  runs,  couhl  be  supplied  with  coal  at  a  reasonable  cost, 
M  being  scarce  and  expensive  in  that  section  of  the  country. 

It  is  estimated  that  it  would  require  about  $65,245.25  for  such  an  im- 
provement as  would  enable  light-draught  steamboats  to  navigate  the  river 
iiboat  nine  months  in  the  year,  and  if  the  work  is  undertaken  an  appro- 
priation of  $50,000  is  recommended. 

With  the  river  improved,  the  shipment  down  would  amount  to  10,000 
boles  of  cotton,  and  up,  of  general  merchandise,  of  nearly  equal  value 
tiinuaUy. 

The  report  and  tracing  of  map  prepared  by  Mr.  J.  P.  Fresenius,  the 
MQ^tant  engineer,  who  conducted  the  examination,  are  transmitted  here- 
with, to  which  I  would  respecfully  refer  for  more  detailed  information. 
Very  resi)ectfully,  your  obedient  servant, 

Ai  K.  Dambell, 

Captain  of  Engineers, 

The  Chief  op  Engineebs,  TJ.  S.  A. 


RKPORT  OF  MR.  J.   P.  FRESENIUS,   ASSISTANT  ENGINEER. 

Mobile,  Ala.,  Feltruary  21,  1880. 

Major  :  I  have  the  honor  to  Bnbmit  herewith  my  report  on  the  examination  of  tho 
^xnbee  River,  undertaken  in  accordance  with  your  instructions. 
^On  completion  of  the  examination  of  the  Sipsey  River,  I  engaged  transportation  at 
'^^^  Ala.,  for  the  boats  and  camp  eqnipage  to  Macon,  Miss.,  a  distance  of  38  miles. 
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leaving  t]ie  former  place  November  20, 1879|  and  arriving  at  the  latter  on  the  evening 
of  the  2l8t. 

Macon,  the  county  ficat  of  Noxubee  County,  is  situated  directly  on  the  Noxubee 
River,  ha«  a  population  of  between  2,r)00  and  3,000,  and  being  surrounded  by  a  most 
fertile,  rich,  and  productive  )>rairie  country,  is  one  of  the  most  enterprising  and  flour- 
ishing towns  of  East  Mississippi.  Not  only  are  the  citizens  of  Macoo,  but  also  the 
whole  community  living  near  and  adjacent  to  the  Noxubee  River,  deeply  interested  in 
the  project  of  making  tiie  river  navigable,  and  I  deem  it  proper  to  state  here  that  on 
my  arrival  at  Macon  I  found  a  imivcrsal  desire  on  the  part  of  the  community  to  aid 
and  assist  the  undertaking  of  making  the  Noxubee  River  navigable,  as  far  as  practi- 
cable, for  at  least  a  great  portion  of  the  year,  and  I  have  no  doubt  that  should  work 
actually  be  commenced  the  government  will  receive  all  the  aid  that  can  be  reasonably 
expected  from  the  population  living  near  the  river. 

Some  thirty  years  ago  the  Noxubee  River  was  navigated  by  small  li^^ht-draught 
8teamers ;  the  last  one,  to  the  best  of  my  information,  called  the  Little  Jimmie,  sunk 
in  1853,  and  some  of  these  boats  plied  as  high  up  as  30  or  40  miles  above  Macon;  but 
all  were  withdrawn  from  the  river  in  1856,  when  the  Mobile  and  Ohio  Railroad  was 
completed  to  Macon.  To  the  best  of  my  recollection,  this  road  obtained  a  grant  from 
either  the  State  or  federal  government  to  erect  a  permanent  bridge  over  the  Noxubee 
River,  making  Macon  the  head  of  navigation,  and  since  then— some  six  years  a^o— 
the  citizens  of  Macon  and  Noxubee  County,  Mississippi,  erected  a  very  nice  iron  high- 
way bridge  about  1^  miles  below  the  railroad  bridge,  a  i)ermanent  stmotnre  without 
a  draw,  making  it,  therefore,  impracticable  to  run  boats  beyond  this  pointy  even  in 
low  water.  For  these  reasons  I  considered  it  unnecessarv  to  extend  the  examination 
of  the  river  beyond  the  town  of  Macon,  which  I  took  as  the  head  of  probable  naviga- 
tion and  starting  point  of  the  survey  of  the  Noxubee  River. 

Through  the  courtesy  of  the  Hon.  Judge  Ames  and  several  other  prominent  citizens 
of  Macon  I  cfbtained  a  copy  of  the  county  map,  showing  the  course  of  the  river  to  the 
State  line  of  Mississippi  and  Alabama,  which  not  only  assisted  me  very  much^  but 
which  I  found  in  the  aggregate  very  correct,  expediting  the  work  very  much  indeed, 
and  for  which  I  cannot  omit  to  express  to  these  gentlemen  my  thanks.  I  also  endeav- 
ored to  get  a  county  map  of  Snmter  County,  Alabama,  but  without  success,  and  for  this 
reason  it  took  me  more  time  to  ascertain  distances,  which,  however,  I  dare  say  arc,  in 
the  aggregate,  very  correct,  as  I  measured,  wherever  practicable,  the  points  of  inter- 
section of  the  section  lines  and  the  river,  and  I  do  not  think  that  the  total  distance  of 
the  river  from  Macon  to  its  mouth,  below  given,  will  vary  materially  should  a  thor- 
ough instrumental  survev  be  made,  which  I  would  respeetniUy  recommend  in  ease  an 
appropriation  be  made  for  the  improvement  of  this  river.  The  Noxubee  River,  in 
com^^arison  with  the  Sipsey  River,  offers  comparatively  few  obstacles,  and,  in  my 
opinion,  can  be  easily  mode  navigable,  not  only  for  the  present  demand  of  traffic  but 
for  some  time  to  come. 

The  season  in  which,  in  this  latitude,  the  usual  fall  freshets  may  be  expected,  hod  al- 
ready so  for  advanced,  and  knowing  the  limited  means  at  mv  command  for  the  examina- 
tion, compelled  me  to  confine  myself  to  the  pi  an  adopted  on  the  Sipsey,  viz,  to  reconnoiter 
the  stream  by  noting  every  change  of  the  course,  character  of  tne  banks,  and  country 
adjacent  to  the  river,  taking  soundings  on  an  average  of  75  feet,  making  cross-sections 
about  every  two  or  three  miles,  taking  all  necessary  levels  of  fish -traps,  mill-dams,  and, 
wherever  I  could  obtain  reliable  Information,  of  high-water,  all  of  which  con  be  more 
readily  seen  from  the  accompanying  field-notes,  whilst  the  index  map  herewith  pre- 
sented gives,  on  a  scale  of  2  inches  to  the  mile^a  pretty  correct  view  of  the  course  of 
the  river,  and  its  principal  tributaries.  As  before  stated,  wherever  section  lines  or 
township  lines  crossed  tne  river,  I  measured  the  distances  to  the  nearest  section  or  land 
corners,  and  I  feel  confident  that  not  only  the  length  of  the  river,  which  was  com- 
puted from  the  accompanying  map,  but  also  the  many  and  various  bends  of  the  river, 
are  as  correct  as  they  could  be  obtained,  without  making  an  actual,  instrumental, 
and  meandering  survey. 

By  reference  to  the  accompanying  map  it  will  be  seen  that  the  total  length  of  the 
ri  veV,  from  Macon  to  its  month,  is  69^  miles,  of  which  41  f  miles  are  in  Noxnb^  Countv, 
Mississippi,  and  the  remainder, .271  miles,  in  Sumter  County,  (Alabama.  Apparently 
in  looking  at  the  map,  the  course  of  the  river  is  rather  tortuous  and  crooked,  but  witli 
the  exception  of  a  few  instances,  where  either  shoals  are,  or  where  drift  nas  accu- 
mulat^'d,  the  bends  are  in  almost  ever>*  instance  of  sufficient  width,  that,  even  in 
a  very  low  stage  of  water,  small  steamboats  of  3  or  4  feet  draught,  mant^i^  with 
pro])er  care,  can  be  easily  piloted  around  the  bends. 

The  reconnaissance  of  this  river  could  not  have  been  made  at  a  more  favorable  time, 
as,  from  all  the  information  obtained,  in  the  remembrance  of  the  oldest  inhabitants, 
the  stage  of  the  water  was  lower  than  it  had  been  for  years,  and  I  only  regret  that  1 
was  not  euab1e<l  to  examine  the  whole  river  at  that  low  stage;  but  on  December 5, 
1879,  when  within  about  20  miles  of  the  month,  a  very  savere  rain-storm  visited  that 
part  of  the  country,  compelling  me  to  lay  up  for  two  days,  and  causing  a  rise  of  from 
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'  to  6  f4Bety  which  prevented  a  thoroagh  observatioii  of  fiah-traps^  dams^  fords,  &;c.|  the 
r^ter  being  all  over  them,  and  I  had  to  locate  them  on  the  map  from  information  ob- 
umed  from  parties  living  along  the  river.    Also,  from  the  same  cause,  I  was  prevented 
rrom  iaking  accurate  soundings  in  the  above  distance,  as  the  sounding-pole  at  hand 
raa  only  14  feet  long,  and  in  most  instances  did  not  reach  the  bottom ;  and  at  the  same 
'line,  with  the  rise  of  the  river,  the  velocity  of  the  current  increased  so  much  that 
MAndings  with  a  lead-line  became  rather  unreliable.    From  all  the  information  I  could 
either  of  this  part  of  the  river,  viz,  the  last  20  miles  from  its  mouth,  no  serious  im- 
pediments are  existing ;'  the  different  fish-traps,  d&c,  were  all  submerged  to  such  a 
•Upth  that  no  sign  of  tbeir  existence  could  be  seen  on  the  surface  of  the  water.    Here 
I  win  state  that  while  we  were  on  that  part  of  the  river  a  fiat-boat,  or,  as  they  are 
<  Uled,  keel-boats,  loaded  with  145  bales  of  cotton,  and  drawing  about  4  or  4^  feet  of 
vster,  passed  us,  having  been  loaded  some  30  miles  up  the  river  from  its  mouth,  and 
reached  its  destination  without  any  difiicultj"  whatever.     1  am  informed  that  these 
HuAte,  on  the  lower  portion  of  the  river,  with  a  rise  of  only  2^  to'3  feet  from  extreme 
!<nr-water,  have  been  and  are  running  very  frequently  during  the  cotton-shipping 
^rason,  and  very  rarely  meet  with  any  disaster.    This  convinced  me  that,  while  1  was 
4f-pnTed  of  seeing  the  low^r  part  of  the  river  at  low- water  stage,  no  obstructions  of  a 
-rrioos  nature  can  exist  which  would  involve  a  heavy  expenditure. 

The  width  of  the  river  is,  in  the  whole,  pretty  uniform,  though  in  a  number  of  in- 
stances, at  extreme  low- water,  in  the  first  10  or  15  miles,  the  river  is  not  more  than  40 
f^t  wide,  and  at  a  few  places  where  the  river  is  contracted  to  even  less  than  40  feet. 
On  an  averagaw  the  width  of  river  at  very  low  water  is  fully  60  feet,  which  increases 
vrry  consideTably  in  case  of  even  a  light  freshet. 

I  have  endeavored  to  show  on  the  map  the  different  widths  of  the  river,  but  the 
.omall  scale  I  had  to  use  prevented  me  from  showing  the  difference  very  accurately, 
jkad  I  would  respectfully  refer  you  to  the  detailed  and  minute  field  notes,  which  give 
the  widtii  of  the  river  on  an  average  of  every  500  to  800  feet. 

In  r^aid  to  the  depth  of  the  river,  soundings  were  taken  longitudinally  about  every 
5()  or  75  feet,  and  these  soundings  are  also  given  in  detail  in  the  field  notes.  From 
*h««e  it  will  be  seen,  as  well  as  m>m  the  various  cross-sections,  that  though  the  river 
was  very  low  its  average  depth  is  fully  3  feet.  However,  I  have  no  doubt  that  by  a 
3t€»re  careful  system  of  soundings  the  above  figures  may  be  found  to  be  too  much,  as 
there  axe  a  nomber  of  shoals  and  a  few  islands  where  only  1^  to  2  feet  of  water  was 
lunnd.  This  is,  however,  the  case  in  extreme  low-water,  and,  as  above  stated,  the 
fctagt;  of  the  river  at  the  time  the  examination  was  made  was  lower  than  had  been 
known  for  years,  and  I  am  reliably  informed  that  such  low-water  stage  is  geuerally  of 
Tciy  short  duration,  and  hardly  ever  when  the  farming  community  is  ready  to  ship 
tbipir  cotton  crop. 

The  banks  of  the  river,  as  nearly  the  greater  part  of  all  rivers  in  this  latitude,  are 
T«-ry  uniibnn;  that  is,  in  respect  to  their  formation,  which  is  usually  a  bluff  of  greater 
or  lesser  height  on  one  side,  the  opposite  bank  being  a  sloping  bank  of  lesser  eleva- 
tion and  subject  to  overflow.  These  features  change,  to  more  or  less  extent,  with  the 
riTer  from  one  side  to  the  other,  so  that  at  all  times  you  have  a  high  steep  bluff  on 
either  <me  or  the  other  side,  while  the  other  bank,  in  either  case,  is  lower  and  sloping. 

This  iseneral  character  is  retained  on  the  Noxubee  River  with  great  uniformity,  but 
It  is  begrond  a  doubt  more  regular  than  I  have  ever  experienced  before;  and  it  is  proper 
t*»  sajr  that  the  buiks  of  the  Noxubee  River,  in  the  distance  examined,  are  beautifnl 
m  their  formation,  and  are  almost  entirely  free  from  what  is  termed  a  swampy  bank. 
The  field  notes  give  the  detailed  height  and  character,  and  almost  uniformly  on  one 
«de  of  the  river  would  be  found  a  perpendicular,  steep,  pure  white  limestone  blufil 
TAxyiiur  from  30  to  125  feet  high,  while  the  opposite  bank  would  be  a  natural  and 
gtadn2  slope,  averaging,  at  low- water,  fully  14  feet  high ;  in  fact,  the  bauks  of  the 
nrer  ore  remarkably  vreil  featured,  and  are  of  very  favorable  material,  showing  in  no 
instanoe  any  sig^  of  washing  or  slides.  The  limestone  bluffs  are  generally  free  of 
m  J  growUi  of  timber  on  their  Hlope,  though  on  top  of  the  lime  rock  the  best  of  black 
r»rairse  soil  is  deposited,  varying  iu  depth  irom  4  to  20  or  30  feet.  The  sloping  bauks 
%rv  of  the  same  rich  prairie  »oil,  and  are  more  or  less  densely  timbered,  and  in  a  uum- 
'tT  of  instances  most  densely  and  thickly  overgrown  with  cane. 

As  already  remarket!,  the  soil  of  the  country  through  which  the  Noxubee  River  runs 
IS  rich  aod  fertile,  and  will  compare  favorably  with  any  of  the  richest  soil  of  Missis- 
sippi or  Alabama;  the  land  being  known  as  the  Black  Prairie  Belt.  For  this  reason 
A  is  hot  natural  that  the  greater  ])art  of  the  river  runs  almost  continuously  through 
^flantations,  though  there  are  occasionally  reaches  where  either  one  or  the  other  baxik, 
'<  in  some  instances  both  banks,  are  heavily  timbered.  The  principal  growth  of  tim- 
*jet  im  the  various  kinds  of  oak,  hickory,  scaly  bark,  walnut,  and  occasionally,  but  in 
rare  sutances,  a  limited  amount  of  short-leafed  pine ;  some  birch  and  a  number  of 
vytamc&eBf  which,  like  a  large  quantity  of  overhanging  willows  and  brush,  line  the 
4epin^  banKS,  generally  close  to  the  water's  edge,  torming  iu  numerous  iuHtances,  so 
to  4ay«  segnlar  walls  and  rooming  the  river  iu.    The  priucipul  produce  of  the  above- 
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mentioned  plantations  is  cotton  and  com,  which  yield,  with  proper  onltivation,  an 
abundant  crop,  and  it  is  safe  to  sav  that  the  former  will  ayerage  generally  one-half  a 
bale  to  the  acre,  and  the  latter  30  bushels  per  acre. 

From  the  longitudinal  soundings,  as  well  as  from  the  soundings  taken  erery  10  feet 
at  the  place  of  cross-sectioning  the  river,  it  was  found  that  the  bed  of  the  river  is, 
almost  in  the  whole  distance,  composed  of  lime  rock,  though,  as  will' be  seen  from  the 
field  notes,  in  a  great  many  places  the  bottom  was  found  to  be  of  a  sandy  nature  or 
washed  in  black  prairie  sou,  which,  according  to  circumstances,  changes  in  depth. 
These  sand  or  mud  deposits,  however,  in  m^  opinion,  are  more  or  less  of  a  local 
nature,  and  by  using  a  sounding-rod  and  working  it  through  these  deposits,  I  invari- 
ably found  the  limestone  underneath. 

It  will  farther  be  seen  that,  as  a  general  rule,  the  bed  of  the  river  is  very  uniform 
and  regular,  very  smooth  and  free  of  deep  holes  and  crevices,  which  is  most  plainly 
perceptible  on  the  few  shoals  which  were  above  water. 

The  nature  of  this  limestone  is  that,  when  it  is  exposed  to  the  atmosphere,  it  seems 
to  harden  materially,  while  when  it  is  submerged  under  water  it  softens  to  a  certain 
extent,  which  does  not  diminish  its  suitability  as  a  foundation  for  any  structure,  as 
dams,  &c.,  but  which  makes  it  comparatively  easy  to  exca^at-e,  where  necessary  to 
deepen  the  channel  of  the  river. 

From  my  former  connection  with  the  Mobile  and  Ohio  Railroad,  I  was  enabled  to 
establish  a  bench-mark  of  levels  at  the  starting  point,  near  Macon,  Miss. 

The  above  levels  show  the  elevation  of  low- water  in  the  Noxubee  River  above  mean 
average  tide-water  in  Mobile  Bay  to  be  149.60,  while  the  highest  recorded  shows  an 
elevation  of  175.30,  ^ving  an  oscillation  at  that  point  of  25.70  feet.  From  the  same 
level  notes  I  found  that  the  low- water  in  the  Bigbee  River  at  Gainesville,  Ala.,  about 
If  miles  below  the  mouth  of  the  Noxubee  River,  has  an  elevation  of  102  feet  abov<^ 
Mobile  Bay,  while  high-water  mark  is  141,  consequently  giving  an  oscillation  of  39 
feet.  To  the  correctness  of  these  levels  I  cannot  vouch,  but,  taking  them  for  granted, 
would  give  the  total  fall  of  the  Noxnbee  River,  from  Macon  to  its  mouth,  approximately 
at  low-water  stage,  47  feet,  or  about  0.7  foot  per  mile. 

From  the  levels  taken  at  the  various  fish-traps  and  dams,  as  far  as  they  were  in 
sight,  it  will  be  seen  from  the  level  field-noTOS  that  I  obtained  a  total  fall  of  21  feet 
for  a  distance  of  45  miles;  affcer  which  I  was  unable  to  take  any  more  levels  on  account 
of  the  above  mentioned  freshet.  Assuming  the  water-level  between  the  fish-traps  and 
dams,  these  figures  would  give  an  average  fall  of  only  0.21  foot  per  mile ;  but,  from 
intermediate  levels  taken,  the  normal  fall  of  the  river  is  about  0.S&  foot  per  mile. 

The  current  of  the  river  during  low-water  is  exceedingly  sluggish,  and  it  was  diffi- 
cult to  arrive  at  any  reliable  data  of  current  observations,  due  in  a  great  measure  t4> 
the  large  number  of  fish-traps  and  dams,  which  create-  slackwater  to  a  considerable 
distance  above  them.  In  cose  of  even  light  freshets,  however,  the  current  becomes 
very  swift,  and  with  a  rise  of  5  feet  the  velocity  of  the  current  was  found  to  be  from 
3^  to  4  miles  per  hour. 

Owing  to  the  limited  time  at  my  command,  no  accurate  observations  were  made  in 
regard  to  the  average  discharge  of  the  river,  but,  from  the  data  obtained,  I  am  satis* 
fiiMl  that  a  sufficient  volume  of  water  can  be  relied  upon  for  at  least  8  months  of  the 
year  to  establish  a  channel  of  60  feet  wide  and  3.5  to  4  feet  deep. 

With  the  exception  of  Bodka  Creek,  which  enters  the  Noxnl>ee  about  5  miles  above 
its  mouth,  all  other  tributaries  are  of  no  importance,  and  do  not  contribute  any 
amount  of  water  to  increase  the  river,  except  in  times*of  heavy  freshets. 

For  the  first  15  to  20  miles  the  river  is  more  or  less  obstnicted  by  logs  and  drift, 
owing,  no  doubt,  to  its  contracted  width  in  that  part  of  the  river,  which  averages 
from  45  to  50  feet,  nt  low  wat-er-stage.  Of  these  logs,  however,  comparatively  a  small 
number  are  what  may  be  called  bed-logs,  viz,  logs  resting  and  imbedded  directly  in 
the  bottom  of  the  river.  Most  of  these  have  either  fallen  or  slid  in  the  river  from  the 
banks,  or  have  been  cut  from  the  slopes  and  fallen  in  the  river,  resting,  however,  on 
either  one  or  the  other  bank,  and  forming  a  barrier  where  drift  will  accumulate. 
These  logs  can  be  removed  far  easier  than  the  above-mentioned  bed-logs ;  and  as  they 
diminish  considerably  in  number  farther  down  stream,  where  they  occur  only  occa- 
sionally, and  where  the  river  increases  in  width,  they  form  only  a  part  of  the  obstruc- 
tions. 

The  next  impediment  to  a  free  flow  of  water  are  the  numerous  fish-traps  and  a  fev 
mill-dams.  While  at  Macon,  I  was  informed  by  parties  whose  information  can  w 
relied  upon  that  there  was,  or  would  be,  a  bill  before  the  Mississippi  State  legislature, 
at  its  present  session,  to  enact  a  law  to  have  all  existing  fish-traps  and  mill-dams  m 
the  Noxubee  River  removed  at  the  cost  of  the  respective  owners,  snd  to  make  it  a 
State  ofiense  to  erect  new  ones.  I  have  no  doubt  that  such  a  law  will  be  enacted,  as 
far  as  the  Noxubee  River  runs  through  the  State  of  Mississippi,  and  as  there  are  thir- 
teen of  these  structures  in  the  river  in  Jts  course  through  that  State  it  will  greatly 
assist  and  diminish  the  cost  of  the  improvement. 

In  Alabama,  to  the  best  of  my  information,  arc  eight  fish-traps,  none  of  whicn. 
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bowcfraTy  were  yieible  on  account  of  the  rise  of  the  liTer,  but  I  haye  no  donbt  that 
tlM  tfwae«  irill  remoTe  them^  even  without  the  enforcement  of  the  law  in  that  State, 
prarided  there  ie  a  prospect  of  haWng  navigation  improved  on  that  river. 

The  next  and,  in  my  opinion,  the  most  important  item  of  detriment  to  navigation, 
is  tile  large  number  or  overhanging  and  bending  trees,  which  more  or  lees  appear  on 
the  whole  length 'of  the  river.  As  remarked  liefore,  my  time  was  too  limited  to  ex- 
aaine  anv  details,  and  it  was  impossible  to  take  an  aooorate  account  of  the  number 
of  treee  thus  obstructing  navigation.  I,  therefore,  in  the  annexed  approximate  esti- 
nate,  aasomed  a  certain  amount  for  removing  these  trees,  which  I  think  will  cover 
the  cost. 

Besides  the  above-mentioned  obstructions  there  exist  a  few  shoals  and  islands. 
The  foxmer  are  generally  bare  white  limestone,  while  the  latter  consist,  more  or  less, 
(«f  soil,  and  are  overgrown  with  willow  trees  and  brushes. 

The  largest  of  these  shoals  is  about  32  miles  from  Macon,  and  the  place  is  known 
sader  the  name  of  the  DeviPs  Racetrack.  Here  the  shoal  protrudes  above  low-water 
iaily  1  foot,  and  the  water  is  forced  through  a  very  narrow  channel,  consequently  the 
cmrent  is  very  swift  and  rapid ;  but,  as  already  stated,  this  species  of  lime  rock,  as  long 
as  it  is  exposed  to  moisturCi  is  easily  excavated,  and  the  shoals  can  be  removed  at 
rfMnparatively  small  cost. 

The  few  islands  in  the  river,  which  are  only  visible  in  extreme  low- water,  are  of  minor 
eonsideration,  and  can,  after  being  cleared  of  the  dense  growth  of  willow  brush,  easily 
he  leveled  down. 

Aboat  50  miles  from  Macon  the  river  forks,  and  on  examination  of  the  locality  I  did 
not  ooDsider  it  necessary  to  examine  both  prongs,  but  continued  on  the  main  stream, 
whieh  is  plainly  designated,  the  left-hand  shoot,  at  the  head  of  the  fork,  being  com- 
pletely barricaded  by  logs  and  driftwood.  At  the  head  of  this  cut-oflf  a  bar  has  already 
formed,  and  with  comparatively  little  work  a  Jetty  or  dam  can  be  thrown  across  to 
force  mil  the  water  throagh  the  right-hand  shoot,  or  main  channel. 

In  Older  to  make  an  accurate  estimate  of  the  cost  of  the  work  it  would  require  a 
iBore  detailed  survey,  and  the  amount  below  ^ven  may  be  excessive  of  the  actual 
cost.  As  remarked,  tne  main  obstructioa  consists  of  overhanging  trees,  principally 
nyesmores,  willow  trees,  and  willow  brush,  which  are,  however,  so  irregular,  some 
reaches  being  very  densely  overgrown,  while  others  are  almost  entirely  free  from  over- 
hanging trees,  that  it  would  require  considerable  time  to  estimate  on  each  separately, 
and  I  have  therefore  assumed  tne  cost  of  69i  miles,  allowing  so  much  per  mile.  The 
same  is  the  case  with  sunken  logs  and  other  obstructions,  which  are  rather  numerous 
oo  the  first  15  to  20  miles  from  Macon,  but  gradually  become  less  and  less  as  the  mouth 
of  the  river  is  approached. 

APPROXIMATK  ESTIMATE. 

Cutting  and  removing  overhanging  trees  for  69^  miles,  at  $600  per  mile  ...  $41, 700  00 

Removing  bed  logs,  drift,  dtc,  for  69^  miles,  at  $130  per  mile 9,035  00 

Ex«»votuig  shoals  and  islands 2, 500  00 

Retnovin^^  nah-traps  and  mill-dams 3, 500  00 

Engineering  and  superintendence,  including  cost  of  an  i  nstrnment^l  survey .      s,  510  25 

Total 65  245  25 

The  above  estimate  is  based  on  a  rise  of  3  feet  above  extreme  low-water. 

About  21  miles  from  Macon  the  river  is  crossed  by  a  wooden  highway  bridge,  on  the 
rosd  ftom  Shngnlak  Station,  on  the  Mobile  and  Ohio  Railroad,  to  Fairfiela.  This 
stmetore  is  about  35  feet  above  extreme  low-water,  and  of  course  will  have  to  be 
either  removed  or  re]>laced  by  a  draw-bridge,  to  allow  boats  to  pass.  To  the  best  of 
my  knowledge  this  bridge  was  built  by  the  county,  and  I  have  no  doubt  that  arrange- 
its  can  be  made  with  the  proper  county  authorities  to  have  this  impediment  re- 
~  or  altered  at  the  expense  of  the  county,  and  for  this  reason  I  have  not  men- 
it  in  the  above  estimate. 

The  direct  benefits  to  be  derived  at  present  from  the  improvement  of  the  river  con- 
«st  principally  in  facilitating  transportation  of  all  produce  raised  in  the  vicinity  of 
the  nver,  with  the  adequate  return  freights,  all  of  which  has  now  to  be  transported 
by  the  Mobile  and  Ohio  Railroad,  which  for  some  distance  runs  nearly  parallel  with  the 
river,  about  on  an  average  15  miles  west,  compelling  the  planters  to  haul  their  pro- 
dnce,  Ac.,  that  distance,  and,  as  already  alluded  to,  through  a  heavy  prairie  soil,  which 
daring  wet  weather  is  almost  impassable;  and  I  have  frequently  seen  four  and  even  six 
yokes  of  oxen  with  only  one  bale  of  cotton,  weighing  500  pounds,  stuck  fast  in  the 
praiiie  mud,  unable  to  reach  the  railroad. 

Ilesidesj  the  nniversal  complaint  through  the  whole  country  is  that  the  charges  on 
ftD  kinds  of  fireights  on  the  railroad  have  been  and  are  so  exceedingly  exorbitant, 
without  any  prospect  whatever  of  a  reduction,  that  the  navigation  of  the  Noxubee  is 
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looked  upon  as  one  of  the  greatest  blessings  which  coald  be  bestowed  upon  the  com- 
munity hying  in  the  ▼icinity  of  the  river. 

One  other  great  benefit,  however,  and  one  which  I  think  of  great  importance,  would 
be  derived  from  the  navigation  of  the  Noxubee,  and  that  is  the  question  of  obtaining 
fael.  It  is  but  proper  and  just  for  me  to  state  here  that  my  attention  was  first  drawn 
to  this  fact  by  Mr.  W.  H.  NeviU,  a  gentleman  of  great  energy  and  culture,  and  taking 
^eat  interest  in  any  improvement  of  the  country.  Mr.  Nevill  not  only  cultivates  a 
very  fine  plantation  about  45  miles  from  Macon,  but  has  also  on  his  place  a  small 
factory  for  wood  work  ;  and  is  one  of  the  most  enterprising  and  energetic  citizens  on 
the  river,  to  whom  I  herewith  tender  my  thanks  for  valuable  information  and  courte- 
sies received. 

As  already  remarked,  the  Noxubee  River  runs  tlirough  a  rich  prairie  country,  and  is 
cultivated  on  both  sides  nearly  its  whole  length,  consequently  the  question  of  fuel  is 
already  a  very  serious  one,  and  of  course  will  become  more  so ;  therefore  Mr.  Nevill 
advanced  the  idea  that,  if  the  Sipsey  River,  near  which  coal  beds  are  found  in  abun- 
dance, could  be  made  navigable  simultaneous  with  the  Noxubee,  coal  oould  be  trans- 
ported from  the  former  river  to  its  mouth,  thence  down  the  Bigbee  to  the  mouth  of 
the  Noxubee,  and  thence  up  the  river  to  Macon,  a  distance  of  about  285  miles,  at  a 
reasonable  expense,  and  Macon,  having  railroad  facilities,  be  established  a  coal  depot, 
fh>m  which  coal  could  be  supplied  throughout  the  whole  prairie  belt  along  the  Mobile 
and  Ohio  Railroad.  I  have  no  doubt  this  scheme,  onoe  properly  established,  would 
result  in  a  considerable  traffic  and  revenue,  as  boats  carrying  coal  up  the  Noxubee 
would  always  find  return  freiehts  of  either  corn,  cotton,  or  other  produce,  all  seeking 
an  ultimate  outlet  at  the  Gulf. 

I  could  not  ascertain  any  reliable  data  in  regard  to  the  annual  amount  of  produce 
raised  along  the  river,  but,  from  my  former  connection  with  the  Mobile  and  Omo  Rail- 
road, I  remember  that  Macon  used  to  ship  between  ti,000  and  10,000  bales  of  cotton, 
Shugulak  Station,  some  8  miles  south,  about  5,000  to  6,000  bales,  and  still  another 
station,  Wahalaok,  still  farther  south,  from  3,000  to  4,000  bales.  The  bulk  of  these 
shipments,  no  doubt,  were  received  from  the  country  lying  near  the  river,  and  it  is 
but  reasonable  to  suppose  that  a  greater  portion  would  avail  themselves  of  river 
tranaportation  in  preference  to  the  higher  railroad  freights,  the  former  naturally 
always  being  considered  cheaper  than  the  latt<er. 

RespectfuUy  submitted. 

J.   P.   FKE6ENIU6, 

Bvt.  Maj,  A.  N.  Damrell, 

CaptatHf  CoTpB  of  EngineerSf  U.  S.  A, 


K  i6. 

IMPROVEMENT  OF  PASCAGOULA  RIVER,  MISSISSIPPI. 

An  examination  of  East  Pascagoula  Eiver  was  made  under  the  act  of 
Congress  approved  Jane  18, 1878,  from  its  mouth  to  its  head,  the  cost 
of  which  was  paid  from  the  appropriation,  $10,000,  made  for  its  improve- 
ment by  the  same  act.  Beport  of  this  result  was  transmitted  to  Con* 
gross  and  printed  in  H.  Ex.  Doc.  Ko.  95,  Forty-fifth  Congress,  third 
session. 

The  plan  adopted  comprises  the  dredging  of  a  channel  200  feet  wide 
and  7  feet  deep  through  the  bar  at  the  mouth  of  the  river,  and  the  re- 
moval of  the  snags  and  overhanging  trees  its  entire  length.  The  Mis- 
sissippi State  charter  to  A.  A.  Green  having  been  decided  as  not  inter- 
fering with  the  prosecution  of  the  work,  bids  were  solicited  for  dredging 
at  the  mouth  of  the  river,  under  the  balance  of  the  appropriation  above 
mentioned,  and  the  appropriation  of  $14,000  made  by  act  of  Congress 
approved  March  3,  1879.  They  wei-e  opened  on  the  10th  of  April,  1880. 
The  lowest  bidder  was  S.  N.  Kimball,  and  the  contract  was  awarded  to 
him.  Work  is  expected  to  be  commenced  under  his  contract  about  the 
middle  of  July. 


APPENDIX   K.  1099 

With  the  amount  appropriated  by  act  of  Congress  approved  June  14, 
I"^,  $20,000,  it  is  proposed  to  continue  the  dredging  through  the  bar 
it  the  month  of  the  river  by  contract,  provided  reasonable  bids  are 
>btaioed,  and  to  removing  snags  and  overhanging  trees  as  far  as  possi- 
ble by  hired  labor.  With  the  amount  asked  for  it  is  proposed  to  com- 
ilete  the  improvement  according  to  the  adopted  plan.  The  improve- 
ment would  not  be  i)ermanent  in  its  character.  More  or  less  dredging 
or  snagging  would  be  required  every  two  or.  three  years,  the  cost  of 
Thich  it  is  impossible  to  estimate  with  present  data  with  any  accuracy, 
but  it  is  not  thought  it  would  be  large  compared  with  the  first  cost  of 
rhe  work. 

Th<^  work  is  situated  in  the  collection  district  of  Shieldsborough,  Mississippi.    Pas- 
•M^nU  is  the  nearest  port  of  entry. 

The  commerce  to  be  benefited  is  shown  by  the  following  statement 
from  the  custom-house  record : 

Tonnage. 

VetMls entered  from  foreign  conntries 61        23,831 

Vessels  eBt««d  coastwise 23         5,301 

Aggregate 84        29,132 

Vi^wek  cleared  for  foreign  countries 64       24, 523 

Vtrtteb  eleared  coastwise 37         8,407 

'^gregate 101        32,930 

Valne  of  expoTt« : 

12,704,636  superficial  feet  of  lumber $185,566  25 

296,733  cubic  feet  of  timber 38,913  92 

Aijgregate  13,001,369  valued  at 224,480  17 

MucelLuieous exports 5,268  00 

Aggregate 229.748  17 

Money  statement 

•laly  1,1879,  amount  a vwlable...! ;  $22,493  70 

Amottnt  appropriated  by  act  approved  June  14,  1880 20,000  00 

|42, 493  70 

Jnlj  1^  1880,  amount  expended  during  fiscal  year 69  50 

Jaly  1, 1880,  amount  available 42,424  20 

Affloant  (estimated)  required  for  completion  of  existing  project 11, 306  30 

AiflManttliat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .     11, 300  00 


.ih»traet  of  Iritlt  received  and  opened  April  10,  1880,  for  dredging  at  the  mouth  of  the 

Pawagoula  River,  Miamsrippi. 


'-       >"••«•  or  bidder.        ;,^SS'^ 


Time  of  oommencing  work* 


I    fnMirge  C.  Fobes  ACo  ..      $0  35. 3    i  On  or  before  the  lat  day  of 
,    ,  July.  1880. 

-   Junes  E.  Slaughter 33. 9      On  or  b(>fore  the  Ist  day  of 

.    ^  I     July,  1880. 

•    S.  X.  Kfanball 32. 25  '  Within  90  days  after  the  con- 

tract is  entered  into. 


Time  of  completing  work. 


On  or  before  the  1st  dav  of 
July.  1881. 

On  or  before  the  1st  day  of 
May,  1881. 

Xine  month8  after  commence- 
ment of  work. 
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K  17. 

EXAMINATION  OF  CHARLOTfE  HARBOR  AND  PEAS  CREEK,  FLORIDA. 

Office  op  United  States  Engineer, 

Mobile^  Al4i.y  March  10, 1880. 

Sir:  An  examination  of  Charlotte  Harbor  and  Peas  Creek,  Florida^ 
was  authorized  by  act  of  Congress  approved  March  3,  1879,  and  as- 
signed to  me  by  letter  dated  April  25, 1879. 

This  examination  was  put  under  the  immediate  charge  of  Mr.  J.  L. 
Meigs,  assistant  engineer,  who,  upon  the  completion  of  the  examination 
of  the  Withlacoochee  Eiver,  proceeded  to  Fort  Meade,  which  was  con- 
sidered the  highest  point  to  which  the  present  wants  of  the  trade  would 
require  any  improvement  to  be  carried.  The  field  work  was  commenced 
on  October  14,  1879,  and  continued  to  the  mouth  of  the  river,  at 
Hickory  Bluff,  an  estimated  distance  of  160  miles. 

The  examination  was  made  with  a  view  to  improving  the  river  for 
high- water  navigation,  lasting  about  nine  months  of  the  year. 

The  principal  work  found  necessary  is  between  Fort  Meade  and 
McClelland's  Ford,  and  consists  in  the  removal  of  overhanging  trees 
and  snags  and  loose  rocks  from  the  rock  shoals  at  Kendrick's,  Brooker's, 
Fishtrap,  and  Fort  Hartsuff ;  comparatively  few  logs  will  have  to  be 
taken  out  below  that  point,  the  channel  being  much  wider  and  deeper. 

At  the  commencement  of  the  examination  of  this  river  heavy  rain- 
storms set  in,  and  a  rise  of  several  feet  prevented  the  work  being  done 
as  accurately  as  was  desirable,  but  sufficient  data  were  obtained  for  an 
approximate  estimate  of  cost  of  improvement. 

After  completing  the  examination  of  Peas  Creek,  that  of  Charlotte 
Harbor  was  commenced.  The  principal  commerce  carried  on  in  the 
harbor  consists  in  the  export  of  cattle  to  Cuba  and  oranges  to  Cedar 
Keys. 

Vessels  drawing  8  feet  of  water  can  load  at  Knight's  Pier,  on  the 
north  shore,  about  1^  miles  below  Hickory  Bluff,  and  go  to  sea  without 
difficulty  through  Boca  Grande  Pass,  while  vessels  of  lighter  draught 
have  four  other  outlets,  which  they  make  use  of  according  to  prevailing 
winds  and  draught  of  vessel. 

As  the  present  commerce  is  carried  on  by  vessels  to  suit  the  depth  of 
these  channels,  and  are  of  sufficient  capacity  to  accommodate  the  pres- 
ent wants  of  the  trade  between  Cuba  and  Cedar  Keys,  an  improvement 
of  Charlotte  Harbor  does  not  seem  to  be  required  at  present. 

The  approximate  estimate  to  make  Peas  Creek  navigable  for  light- 
draught  boats,  during  about  nine  months  of  the  year,  from  its  mouth  to 
Fort  Meade  is  f  17,000,  and  should  the  work  be  authorized  I  would 
recommend  an  appropriation  of  that  amount. 

It  is  expected  that  upon  the  completion  of  this  improvement  the 
country  along  and  adjacent  to  the  river  will  increase  in  population,  and 
that  before  many  years  further  improvement  may  become  necessary. 

No  reliable  statistics  could  be  obtained  as  to  the  present  commerce  of 
the  river,  nor  to  what  extent  the  same  would  be  benefited  by  the  pro- 
posed improvement. 

The  report  of  Mr.  J.  L.  Meigs  and  tracings  of  index  maps  are 
forwarded  herewith  for  detariled  information. 

Respectfully  submitted. 

A.  K  Damrell, 

Captain  of  IhigineerB. 

The  Chief  of  Engineers,  IT.  S.  A. 
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REPOKT  OF  MR.  J.   L.   MEIGS^   ASSISTANT  BXOINEEB. 

Mobile,  Ala.,  January  25, 1880. 

Sib:  Iu  accordance  with  your  letter  of  iiiBtructions  of  August  15, 1879,  an  examina- 
tioQ  was  made  of  ^*the  best  approaches  to  the  mouth  of  Peas  Creek  from  Gasparilla 
Pass  and  Boca  Grande;  the  best  approaches  to  Ppnta  Rosa  from 'Boca  Grande  and 
Boca  Ciega,  and  the  best  route  from  the  mouth  of  the  Caloosahatchee,  alon^  the  east 
fthore  of  Charlotte  Harbor,  to  the  mouth  of  Peas  Creek."  The  appropriation  being 
limited,  it  was  decided  lo  examine  the  more  important  lines  of  communication  first. 

I  woald  respectfully  submit  the  following  report  on  examination  of  Charlotte  Har- 
bor snd  Peas  Creek,  Florida : 

PEAS  CREEK,   FLORIDA. 

The  party  sailed  from  Cedar  Keys  for  Tampa  on  October  8,  1879,  and  arrived  on  the 
lOth.  After  procuring  supplies  and  means  of  transportation,  the  march  thence  to 
Fort  Meade,  in  Peas  CreeK,  was  begun  October  14.  Progress  was  much  impeded  by 
hesvj  rains,  high  streams,  submerged  lowlands,  and  a  broken  bridge;  so  it  was  not 
aotil  October  "&  that  we  arrived  at  Fort  Meade  Ferry. 

With  great  difficulty  the  necessary  lumber  was  obtained  for  building  a  skiff  3^  by 
14  feet,  and  a  flat-uoat  8  by  20  feet,  fur  the  purposes  of  the  examination.  There  was 
DO  nwmill  in  operation  in  that  region,  and  it  was  only  through  the  zealous  help  of 
the  citizens  that  we  succeeded  in  building  the  boats. 

Fr^oent  heavy  railTs  fell  during  the  building  of  the  boats  and  after  our  departure 
from  Fort  Meade,  not  terminating  until  October  31,  after  which  the  weather  became 
f&ir  and  settled.  At  Fort  Meade  the  river  was  seven  feet  higher  than  ordinary  low- 
vater  stage,  and  throughout  the  entire  examination  we  labored  under  the  very  great 
disadvantage  of  searching  for  submerged  shoals  and  obstructions.  The  situation  of 
theie,  however,  with  reference  to  sections  and  townships,  was  ascertained  from  Mr.  J. 
£.  Eoberson,  county  surveyor  of  Polk  County,  and  from  citizens  long  resident  in  the 
region  boiderinjjr  on  the  river,  and  who  had  opportunity  for  many  years  of  seeing  and 
exauiimng  the  river  at  all  stages  of  the  water.  Information  was  also  obtained  m  re- 
j;wd  to  the  material  of  the  river-bed  at  the  different  shoals,  the  height  of  the  usual 
Kommer  water,  obstructions  from  submerged  rocks  and  accumulations  of  logs,  and 
from  sand-bars.  Added  to  this  are  the  facts  ascertained  by  constant  soundings  and 
observations  of  different  channels,  varying  width,  and  obstructions  from  overhanging 
tnses  and  limbs. 

The  result  of  these  inquiries  and  of  the  examination  are  presented  in  tabular  form, 
for  convenient  reference,  as  follows : 
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It  ahoald  be  remarked  that  the  distance  from  point  to  point  giTen  in  the  preceding 
ukmlar  alatement  from  measnrements  made  on  the  plats  of  the  goremment  land  snr> 
r«Ti  do  not  correspond  with  the  actual  distances  between  these  points.  Observation 
&jls  8lM>wii  in  the  cases  of  Withlacoochee  River  and  Peas  Creek,  that  the  meander- 
mg8  of  theae  streams  are  very  inaccurately  represented  in  these  plats,  and  that  the 
ATtiMi  distances  between  points  are  from  iu>2l  times  greater  than  they  ap]pear  on 
the  land  plats.    This  must  be  borne  in  mind  in  fbtnre  efforts  to  identify  locabties  here 

rken  or.  The  position  of  a  submerged  shoal  on  a  section  is  given  as  accurately  as 
inftMnaation  and  soundings  enabled,  but  the  di»tmnoe  of  its  position  from  a  given 
h— nflnry  oi  the  section,  as  measmred  on  the  map  along  the  river  course,  will  be  found 
ma»h  l«a»  tliaa  the  truth. 

Peas  Creek  (Talakchopko,  Hatchee,  or  Peaseating  Creek)  rises  in  the  northeastern 
l*«rt  of  tawnahip  30  south,  ranoe  36  east,  and  flows  northwestward  and  westward  to 
the  middle  of  section  33,  townsnip  29  south,  range  25  east,  where  it  makes  a  Junction 
with  Saddle  Creek,  flowing  southeastward  hom  Lake  Hancock.  Thence  its  course  is 
^onthweat  to  Hickory  Bluff,  where  it  empties  into  Charlotte  Harbor,  makinff  about  15 
sExlee  Off  westing  and  66  miles  of  southing.  It  is  fed  by  numerous  lakes  in  the  central 
part  of  Polk  County.  The  principal  tributaries  in  the  east  are  Little  Charley,  Tsfda- 
Apopka,  Josh,  and  Prairie  creeks ;  and  on  the  west,  Saddle,  Whitten,  and  Chiloco- 
Latch«<e  creeks.  Besides  these  streams,  wide  areas  of  swamp  and  hammock  lands 
immediately  bordering  the  river,  and  oi  the  more  elevated  acUacent  pine  lands,  are 
I'overed  during  the  rainy  season  in  Jul^  and  August  with  shallow  pools  of  water, 
which  is  discharged  for  the  most  part  into  Peas  Creek.  The  stream  therefore  ex- 
hihita  much  variation  in  its  stages  of  water,  the  range  between  extremes  at  Forf 
M<-ade  being  about  17  feet. 

According  to  the  most  reliable  information,  it  will  be  safest  to  regard  the  period  of 
low-water  as  extending  from  January  1  to  July  1,  during  which  time  the  river  could 
not  he  regnlarly  navigated  by  vessels  of  2  feet  draught.  At  its  lowest  stage  the  stream 
in  the  channeU  around  the  bends  contracts  to  a  mere  thread  of  water,  while  on  the 
f»*w  rock  and  sand  shoals  that  extend  across  the  channel  from  bank  to  bank  the  water 
m$Tt^T9  the  entire  river  bed,  but  is  too  shallow  to  carry  a  skiff  drawing  even  6  inches. 
Xavii^ation  must  at  such  times  be  suspended,  as  on  most  of  the  rivers  of  the  South 
and  Weat.  There  is,  however,  a  very  general  agreement  in  opinion  among  old  resi- 
denta  that  the  river  can  be  constantlv  navij^ated  by  vessels  of  14  to  24  inches  draught 
dorini^  the  aix  months  following  the  beginning  of  the  rainy  season,  but  in  order  to  do 
this  overhanging  trees  and  limbs  that  would  obstruct  passing  vessels  must  be  re- 
moved from  the  oaoks,  and  all  masses  of  rook,  snags,  ana  accumulation  of  logs  must 
be  taken  from  the  channel.  To  this  extent  it  is  respectfully  recommended  that  the 
navigation  of  Peas  Creek  be  improved. 

In  years  of  unusual  rainfall,  like  187ti  and  1879,  such  vessels  might  ply  regularly 
between  Hickory  Bluff  and  Fort  Meade  during  nine  months  of  the  year. 

While  many  believe  that  Peas  Creek  can  be  rendered  navigable  from  Hickory  Bluff 
to  Barton,  yet  the  j^^eneral  conviction  is  that  the  wants  of  the  country  will  be  satisfied 
by  opening  to  navigation  to  Fort  Meade.  The  more  valuable  lands  for  agricultural 
porpoaea  he  alons  the  river,  and  the  bulk  of  the  population  engaged  in  agriculture  is 
settled  there.  EuMwhere^  on  both  sides  of  the  river,  the  population  is  sparse,  and  en- 
gaged chiefly  in  cattle  raising.  There  are  many  plantations  of  orange  trees  in  Polk 
»od  Miaiiatee  counties  within  easy  distance  of  the  river,  the  produce  of  which  cannot 
W  battled  to  Tampa,  Manatee,  or  Hickory  Bluff  for  export,  but  must  have  outlet  by 
IVaa  Creek  to  HicKor^  Bluff.  Thence  to  the  Gulf,  by  way  of  Charlotte  Harbor  and 
Baea  Orande,  navigation  by  vessels  of  8-feet  draught  is  constant  and  unobstructed. 
Tlneof^h  this  channel  of  communication,  then,  not  only  could  the  yield  of  the  numer- 
•tts  orange  groves  be  sent  to  a  market  economically,  bnt  the  people  could  obtain, 
shtfaply  and  certainly,  their  necessary  supplies  of  goods  and  groceries. 

The  ficreater  part  of  the  work  of  improvement  must  be  done  on  the  upper  river,  be- 
twees  Kort  Meade  and  McClelland's  Ford.  This  part  of  the  river  being  comparatively 
nanowr  and  crooked,  the  obstructions  from  overhanging  trees,  and  from  accumulation 
vf  logs  in  the  channel,  is  greater  than  on  the  lower  river.  Here,  also,  the  four  rock 
•Jboalii  oeear,  Kendrick's,  Brooker's,  Fishtrap,  and  Fort  Hartsuff.  Their  beds  are  com- 
poaf^  of  soft  limestone  rocks,  lying  ragged  and  detached,  or  separated  by  crevices 
mimtng^  in  all  directions.  The  masses  are  generally  much  less  than  a  cubic  yard  in 
volome,  and  are  easily  removable  by  the  use  of  crowbars  and  sledges.  At  the  extreme 
Inrw  stace  the  water  rnns  in  rivulets  between  the  rocks.  These  being  removed  and  so 
Aivptmtm  of  as  to  confine  the  stream  to  a  single  channel,  the  navigation  of  the  rock 
*haala  win  be  relieved  of  all  danji^r  during  the  high-water  period,  and  the  depth  will 
bp  aa  fCfPf^  M  can  be  obtained  without  a  resort  to  more  costly  work,  which  the  pres- 
••at  uemAB  of  the  country  do  not  justify.  It  is  much  regretted  that  during  our  exami- 
high-water  rendered  impossible  a  careful  sur^'ey  of  these  four  shoals,  and  an 
uBfa(>s  esttimate  of  the  cost  of  removing  the  detached  and  projecting  rocks  that  are 
KMcved  over  their  beds. 

70s 
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The  accompanying  estimate  is  only  approximate,  but,  it  is  believed,  will  be  a  safe 
£uide  to  a  first  appropriation  for  rendering  the  river  navigable  during  the  half  year 
following  the  setting  in  of  the  rainy  season. 

In  the  lower  river,  between  McClelland's  Ford  and  Hickory  BluiFs,  there  are  no  rock 
shoals,  though  many  embedded  logs  must  bo  removed  from  the  channel  between  the 
mouth  of  Tsala-apopka  Creek  and  Johnson's  Ferry  (situated  on  the  northw^est  quarter 
of  section  6,  towuship  39  south,  range  24  east). 

The  most  serious  difficulty  to  navigation  is  Hughes's  Bar,  lying  at  the  head  of  the 
estuary  of  the  river.  This  is  a  sand-bar  over  wnich,  at  high  tide,  vessels  of  6-feet 
draught  now  pass,  landing  freights  for  Fort  Ogden  at  the  head  of  Hunter's  Creek. 
Though  this  bar  would  require  dredging  to  allow  of  the  passage  of  such  vessels  at 
lower  stages  of  the  tide,  yet  the  traffic  does  not  justify  the  improvement  at  present. 

The  following  is  an  approximate  estimate  of  the  cost  of  the  proper  improvement : 

EaHmate  of  the  cost  of  improving  the  navigation  of  Peas  Creek, 
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Qmuitities  and  price. 


Bock  exca- 
vation. 


Cubic  yd*. 
4, 066  at  $1 
1,071  at  $1 


Banks  to  be 
cleared  of  over- 
hanging   treea, 


Linear  feet 
55, 825  at  1|  cents 
4, 900  at  ll  cents 


Snags  to  be  re- 
moved. 


10. 850  at  U  cents 

3, 600  at  ll  cents 

50  at  If  cents 

400  at  1*  cents 


AccnmulAtion 
of  logs  in  bed 
of  river,  visi- 
ble at  low- 
water,  180  in 
number. 
Add  for  engineering  and  contingencies 


114  at  $10 
19  at  $10 


112  at  $10 
88  at  $10 
20  at  $10 
32  at  $10 
52  at  $10 
6  at  $10 


Cost  of 
work. 


$6,043  87 
1,334  50 


1,282  75 
434  00 

200  75 

326  00 

520  00 

60  00 


8,600  00 


2,778  27 


Total 16,660  64 


Remarks. 


This  includes  the  cost  of  remov- 
ing  a  projecting  ledge  of  rock  1 
mile  above  Fisntrap  Sboal. 


The  number  of  these  aecnmn- 
lations  is  given  upon  the  au- 
thority of  persons  who  had 
descended  the  river. 


CHARLOTTE  HARBOR,  FLORIDA. 


Preparations  for  the  work  were  made  immediately  after  the  completion  of  the  Peas 
Creek  examination  on  November  6,  1879.  It  was  determined  to  mark  the  more  im- 
portant channels  by  substantial  stakes,  which  wonld  not  only  be  useful  as  signal  poles 
m  determining;  the  position  of  the  channels,  but  would  prove  a  great  aid  to  the  navi 
gation  of  the  harbor.  The  schooner  Jimmie,  commanded  by  Capt.  W.  D.  Collier,  was 
chartered,  both  the  kind  of  service  and  the  seas  sometimes  encouutored  in  the  harbor 
requiring  a  more  substantial  vessel  than  an  open  sail-boat.  A  supply  of  pine  poles 
measuring  from  5  to  8  inches  in  diameter  aud  20  feet  in  length  was  taken  on  board, 
and  the  vessel  sailed  from  Hickory  Bluif  on  November  10  to  beffin  the  work. 

From  Hickory  Bluff  to  Boca  Grande, — About  one-third  of  a  mile  east  of  the  west  line 
of  section  25,  township  40  south,  range  "22  east,  and  on  the  north  shore  of  the  estuary 
of  Peas  Creek,  is  Knight's  Pier,  a  pile-work  1,940  feet  long,  built  for  the  shipment  of 
cattle.  This  place  is  commonly  called  Hickory  Bluif,  though  the  latter  is  8ituate<l  li 
miles  above  it  on  the  same  shore.  About  2,500  cattle  are  annually  exported  from  this 
point  to  Cuba  in  schooners  of  8-feet  draught,  carrying  cargoes  of  150  to  200  cattle 

Aftfih 

Schooners  of  6-feet  draught  also  ply  between  Hickory  Bluff  and  Cedar  Keys.  These 
vessels  usually  pass  a  mile  westward  of  Punta  Gorda,  about  2^  miles  sontheastward 
of  Cape  Hayes,  and  thence  steer  directly  to  Boca  Grande.  The  depth  of  water  at  the 
head  of  Knight's  Pier  is  7  feet  at  mean  low  tide,  though  8  feet  might  be  obtained  by 
extending  the  pier  280  feet  farther.  Such  vessels  can  easily  reach  the  pier  whei^  light, 
but  usually  load  and  depart  at  high  tide.  With  this  exception,  the  oa^le  vessels 
experience  no  diflBculty  in  the  navigation  between  Hickory  Bluff  and  Boca  Grande, 
even  at  low   stages  of  the  tide.      The   edge  of   the  sand-bar   extending    south- 
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(tttward  from  Cape  Hayes  was  first;  traced  by  careful  soundings,  and  a  pole  marking 
tk  southeast  point  of  the  bar  was  set  in  water  7  foet  deep  at  mean  low  tide.  This 
pole  bears  from  the  cape  south  34^  10'  east  (true),  and  is  distant  1.95  miles.  Snbse- 
ijiieDtiy  the  sand-bar  off  the  shore  of  Punta  Gorda  was  sounded,  and  a  stake  marking 
It*  eastern  edge  was  set,  bearing  south  87°  5'  west  (true)  from  the  extreme  western 
]»int  of  Punta  Gorda,  and  distant  2,916  feet.  The  depth  of  water  here  is  11  feet.  No 
.ther  stakes  were  found  necessary  on  the  route,  and  the  whole  was  then  carefully 
•Kwiided. 

The  depths  from  the  hea<l  of  the  Hickory  Bluff  pier  to  the  Punta  Gorda  stake  range 
from  7  to  11|  feet  at  mean  low-water;  thence  to  the  stake  off  Cape  Hayes  from  7  to  19 
ket;  and  thence  to  the  middle  of  Boca  Grande  entrance  from  7  to  50  feet.  It  should 
be  tdded  that  the  7  feet  depth  last  given  was  found  near  the  Cape  Hayes  stake. 
Ihtte  is  ample  depth  of  water  in  the  usual  track  of  vessels  one- half  mile  eastward  of 
tit«  stake.  Two  bnoys  might  be  placed,  one  off  Cape  Hayes  and  the  other  off  Punta 
Gonbf  bat  no  dredging  or  other  engineering  work  is  required  in  the  approach  to  the 
iHiath  of  Peas  Creek  from  Boca  Grande. 

Prom  Boca  Grande  to  Punta  Boea. — Next  in  impoitance  is  the  line  from  Boca  Grande 
to  Panta  Rosa.  A  schooner  of  6-feet  draught  plies  regularly  between  Cedar  Keys, 
Punta  Rosa,  and  Fort  Myers,  and  others  make  occasional  trips.  In  good  weather, 
"h«n  going  south,  they  usually  pass  by  Boca  Grande,  coast  along  the  west  shores  oi 
I'tptiva  and  San i Del  islands,  double  the  southeast  extremity  of  the  latter,  and  thus 
approach  Punt^  Rosa.  But  when  the  weather  is  threatening  they  enter  Boca  Grande 
iDd  follow  the  east  coast  of  La  Costa  Island,  hugging  Punta  Blanco ;  thence  they  pass 
between  Useppa  and  Palmetto  islands,  ana  steer  to  a  point  1  mile  east  of  Boca  Cap- 
tira,  thenoe  to  a  point  midway  between  Loggerhead  and  Sanibel  islands ;  thence  they 
•■Qter  the  soand  between  Sanibel  and  Pine  islands,  following  a  somewhat  tortuous 
rbaoDel  to  a  point  1  mile  west  of  the  southeast  extremity  of  Sanibel  Island,  whence 
tlieir  coarse  is  northeastward  to  Punta  Rosa.  By  this  route,  too,  these  vessels  gener- 
illr  return  from  Punta  Rosa  to  Cedar  Keys,  and  always  do  in  bad  weather,  tne  sea 
hieing  comparatively  safe.  This  route  is  sometimes  followed  also  by  schooners  carry- 
me  to  Cuba  the  produce  of  mullet  fisheries,  established  and  carried  on  by  Cubans ; 
'•ne  on  the  northeast  shore  of  La  Costa  Island,  within  half  a  mile  of  Boca  Grande,  and 
i\»  other  on  the  northeast  shore  of  Captiva  Island  near  Boca  Ca^ti  va.  These  schooners 
uv  from  3  to  4  feet  draught,  and  find  abundant  water  at  low  tide. 

This  line  was  carefully  examined  by  numerous  soundings,  made  both  from  the  deck 
(*(  the  schooner  and  in  small  boats,  with  a  view  to  find  the  edges  of  the  channel. 
Th«9e  were  then  marked  by  occasional  stakes  set  alternately  on  the  starboard  and 
jwrt  sides  of  the  channel.  We  then  sailed  over  the  entire  line  from  Boca  Grande  to 
Fanta  Rosa,  sounding  at  regular  intervals,  as  far  as  possible,  on  a  course  taken  midway 
h^tween  the  stakes.  Though  the  channel  is  somewhat  tortuous,  yet  there  is  sea-room 
tV'r  tacking  when  necessary.  Masters  of  vessels  had  complained  of  shallow  water  op- 
ponte  Boca  Captiva  and  Boca  Ciega,  being  sometimes  obliged  to  await  high  tide  be- 
(^re  they  conld  pass  these  places.  Much  time  was  spent,  therefore,  in  searching  for 
-hannels  in  the  desired  direction  across  the  long  and  wide  sand-bars  formed  at  these 
places  hv  the  inflowing  gulf  tide.  The  effort  was  so  far  successful  that  vessels  follow- 
ng  the  line  indicated  by  the  sailing  stakes  will  be  subject  to  much  less  delay  than 
f-nnerly.  The  cbief  diffioulty  is  encountered  IJ  miles  northeast  of  the  north  extremity 
''f  Log;eerhead  Island,  where  for  the  space  of  a  square  mile  or  more  the  bed  of  the 
'haaiid  is  interspersed  with  lumps  or  small  hillocks  varying  from  25  to  50  feet  in 
4:aiDeter,  and  elevated  from  1  to  1-^  feet  above  the  general  level  of  the  bottom.  It 
^j  be  necessary  in  the  future  to  dredge  the  channel  here  for  2  miles  to  the  depth  of 

•  Wr,  bat  the  present  traffic  does  not  Justify  any  expenditure  on  any  part  of  the  line. 
It  woald  be  well  to  renew  four  years  hence  the  present  sailing  stakes,  substituting 

^  the  pine  post  the  more  durable  cabbage  palmetto  logs.  This  should  not  cost  more 
!bn|3D0. 
The  positions  of  the  channel-stakes  were  obtained  by  their  bearings  from  headlands 
ttd  other  prominent  iK>ints,  situated  on  either  side  of  the  route.  These  bearings  laid 
i'**!!  on  Coast  Survey  Chart  No.  75,  determined  by  their  intersections  the  places  of 
•^  stakes.    No  other  mode  conld  be  pursued  within  the  time  that  could  be  devoted 

•  the  work. 
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The  soundings  and  the  difitancee  between  the  stakes  are  suocmctly  shown  in  the 
following  table : 


$ 


KoB.  of  stakoa.  ,    9 

I    ^ 

s 


BocaGra&detol. 
Ito  2 


2to 

3  to 

4  to 
6to 
6to 

7  to 

8  to 
OtolO 

10  to  11 

11  to  12 

12  to  13 


3 
4 

e 

5 
7 

8 
0 


Miles. 
1.80 
.20 
.17 
.42 
.83 
.32 
.21 
.12 
.27 
.41 
.68 
.29 
.00 


Extreme 
soundings. 


Bomarlw. 


13  to  14 80 

14  to  15 .....I    .76 

16to24 1    .38 

24to23 1    .21 

23tol7 ,    .50 

17tol8 28 

18to22 1    .26 

22tol9 '    .10 

lVto21 1    .36 

2lto20 .20 

20  to  40 1  5.97 

40to30 '    .20 


Feet. 
8     to  20 
7|  to  8 
8.2to  a4 
&4to  9.4 

6  2  to  11. 2 
9.4toll.9 
9.4toll.2 

10. 2  to  10. 9 

1L2 
8.4tol0.9 

10. 7  to  13. 4 
9.5tolL6 
4  to  8i 
6i  to  " 
6.Sto 

7  to 
61  to 
&  8  to  11 
7|  to  9| 
6  to 

6  to 
7. 8  to 

7  to 
6i  to  10. 8 
5l  to  7i 


Meuarement  begins  from  a  point  in  Boca  Grande  entrance 
abreaat  of  the  northern  Point  of  La  Costa  laliind.  The 
soundings  are  mean  low*wator  depths. 


8 

7* 

9 

8.8 


9 
8 

8.5 
9.5 


89  to  25 , 

25  to  36 

36  to  35 , 

36  to  34 , 

34  to  33 , 

83  to  32 

32  to  31 

81  to  30 

30  to  29 

29  to  28 

28  to  26 

26to27 

27  to  Pun ta  Rosa. 


.44 

1.88 

1.62 

.60 

.43 

.98 

.35 

1.17 

1.19 

1.29 

1.43 

.87 

1.48 


6i  to 

8.  4  to 

8. 9  to 

10. 7  CO 

16.2to 

15. 2  to 

17. 7  to 

11. 4  to 

9. 4  to 

14. 4  to 

14. 4  to 

10. 4  to 

10.  4  to 


11.3 
13.4 
16.4 
14.2 
20.2 
2L2 
18.2 
16.4 
18.4 
21.4 
20.4 
20.4 
20.4 


Kt«ke  No.  39  is  1|  miles  northeast  of  northern  extremity  of 
Loggerhead  Island. 


From  Boca  Grande  to  Punta  Boaa  is  29.14  miles. 


Fivm  Bqca  Captiva  to  Puntu  Bo^a. — Boca  Captiva  is  never  entered  by  vessels  si^lipg 
from  Cedar  Keys  or  other  Qulf  ports  to  Ponta  Rosa.  In  good  weajbhar  Uiey  coast 
along  Captiva  and  Sanibel  islands,  aj^  before  remarked,  and  tum  the  eastern  extrem- 
ity of  Sanibel.  In  stormy  weather  it  is  hazardous  to  attempt,  tp  enter  3qca  Captiva. 
froifi  the  Gulf  on  account  of  two  long  sand-spits,  covered  by  e^allow  watiQr^  which 
make  but  from  the  south  end  of  La  Costa  Island  and  the  north  end  of  Captive  IstaAdj 
the  former  ia  a  southwest  direction  for  1^  miles  and  the  latter  1^  a  west-ngrtb^^^ 
direction  for  about  1  mile.  The  channel  puf^ued  by  vessels  entering  or  leaving  follows 
the  e4ge  of  the  La  Costa  spit  more  nearly  than  the  e<)ge  qf  the  other.  Wi&ia  t])6 
pass  its^lf^  between  its  heaa  and  outlet,  the  water  varies  from. 17  to  2S>  feet  in  d^pt^ 
at  mean  low  tide. 

Between  the  outlet  and  the  bar,  a  distance  of  l^^  miles,  the  depth  decrease^  1^4  ^^ 
12  feet  on  the  bar.  Thence  it  increases  to  3  fathoms,  at  the  distaiice  of  1^  miles  ^aet 
of  the  north  extremity  ot  Captiva  Island.  Between  the  head  of  the  pas^  a^d  s»Uin&~ 
stake  No.  21  (on  the  Boca  Grajide-Punta  Rosa  route)  the  depths  of  water  vary  from 
6^  to  19  feet  at  mean  low  tide.  A  vessel  drawing  6  feet  can,  therefore,  readily  enter 
Boca  Captiva  in  moderate  weather,  and  proceed  by  the  harbor  route  to  Punta  Rosa. 
This  pass,  however,  is  only  used  by  fishing  schooners,  not  exceeding  5  feet  draught, 
which  touch  at  the  fishing  station  on  the  northeast  coast  of  Captiva  Island.  The  ac- 
companying tracing  shows  the  track  of  vessels  entering. 

From  Boca  Ciega  to  Punta  Rosa, — The  figure  of  Boca  Ciega  has  recently  undergone  a 
change,  so  that  it  is  no  longer  a  ''blind  pass,''  but  the  opening  from  the  Guu  into 
the  harbor  is  plainly  visible  as  you  sail  past  it  in  coasting  along  the  Captiva  and 
Sanibel  islands;  formerly  the  southern  extremity  of  the  former  island  projected  in  a 
southeasterly  direction  past  the  northwestern  extremity  of  the  latter,  the  two  islands 
being  separated  by  a  water  passage  varying  in  width  from  500  to  1,200  feet.  From  the 
entrance,  the  pass  bore  northwest  by  nortn  for  {  of  a  nule,  and  thence  north-north- 
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r*^  ftjT  Ifmiles  to  its  Junction  witli  Charlotte  Harbor.    Bnt  now  the  ftea  has  made  a 
Itf^chf  400  f^t  wMte^  across  Captiva  Island,  and  has  silted  up  the  southern  branch  of 
tiieold  pass,  thus  uniting  the  severed  part  of  Captiva  with  Sanibel  Island. 
The  present  approach  of  Boca  Ciega  from  the  Gulf  lies  between  two  sand-spits, 
aiakinff  out,  the  one  from  the  northwest  extremity  of  Sanibel  Island,  and  the  other 
fivm  to^  southwest  extreUitv  of  Captiva  Island.    The  former  laps  past  the  latter 
sboDt  600  feet  in  a  west-sontnwest  direction,  and  the  two  are  not  more  than  300  feet 
apart  at  the  narrowest  part  of  the  channel.    Just  before  entering  this  outer  pass,  and 
abreast  of  the  extremity  of  the  south  spit,  there  is  a  depth  of  2i  fathoms.    Thence  to 
the  month  of  the  inner  pass  the  depths  vdry  from  6  to  16  feet,  and  thence  to  the  head 
9f  the  pass,  in  the  general  direction  north-northeast,  from  6  to  13  feet.    Here  the 
chanoe]  lies  close  to  the  north  extremity  of  Sanibel,  and  proceeds  thence  along  the  north- 
eist  shore  of  that  island  for  j  of  a  mile  in  the  direction  of  the  north  extremity  of  Log- 
gffbead  Island,  abruptly  terminating  ngiainst  a  long  and  wide  sand-bar,  which  lies 
Ikftween  the  head  of  Boca  Ciega  and  the  Boca  Grande-Punta  Rosa  Channel.    Across 
this  bar  no  passage  could  be  found  in  any  direction  deeper  than  2i  feet  at  mean  low- 
water,  though  at  nigh  tide  vessels  of  3  to  ^  feet  drangnt  might  cross  it  and  make 
eonnection  with  the  route  to  Punta  Rosa.    North  of  Boca  Cie«;a  and  east  of  Captiva 
h]and  lie  three  islands,  the  largest  of  which  is  called  Buck  Island.    Between  these 
Maodfl  and  Captiva  Is  a  strait  var^-ing  from  90  feet  to  f  mile  in  width.    This  was 
farefally  sounded,  and  a  chanhel  was  traced  to  a  point  abfout  oue  mile  northward  of 
Bock  Island,  and  close  to  the  Captiva  shore.    The  depths  !n  this  channel  vary  from 
H  to  8.7  feet  at  mean  low-water,  and  from  its  northern  extremity  a  vessel  sailing 
^astvaid  can  find  enttunce  into  the  Boca  Grahde-Pnnta  Rosa  Channel,  upon  depths 
rairing  from  3.2  to  5.7  feet. 

Through  Boca  Ciega,  therefore,  ho  rcssels  df  greater  draught  than  S  feet  can  pass 
from  the  Gulf  into  Charlotte  Harbor,  excejit  at  high  tide  and  by  tortubns  channels 
Mcttlt  to  be  followed.  Indeed,  it  is  rarely  ever  used,  and  then  onlv  by  small  sloops 
and  sail-boats.  It  cannot  be  entered  in  stormy  weather,  and  merits  no  expenditure 
whatever. 

Frcm  the  mouth  of  Oaloosahatdiee  Slrer  to  Peas  Creek, — ^The  passage  of  water  sepa- 
lating  Pine  Island  fr«m  the  mainland  on  the  east  is  called  Metlochat  Sound.  Its 
shores  are  fringed  with  numerous  islands,  the  largest  of  which  lies  closely  against 
Pine  Island,  about  midway  between  its  ndrthem  and  southern  extremities,  and  meas- 
ures 4f  by  9|  miles  in  extent.  The  width  of  the  sound,  east  and  northeast  of  this 
iaiand,  is  contracted  to  about  1^  miles,  and  here  also,  for  a  distance  of  7  miles,  the 
fioand  is  obstructed  by  numerous  islands  and  oyster  bars.  The  upper  and  lower  sound 
are  much  less  obstructed  by  islands  and  afford  deeper  water  than  the  middle  part. 

A  channel,  having  ample  depth  at  mean  low- water  for  vessels  of  6  or  7  feet  draught, 
niay  be  entered  about  |  mile  southward  of  Punta  Rosa,  thence  it  runs  west-northwest 
i  Dorth  between  Fisherman's  Key  and  the  southeast  extremity  of  Pine  Island,  and 
traTerses  the  lower  sound,  everywhere  within  f  mile  of  the  eastern  shore  of  the  island. 
The  continuation  of  this  channel  through  the  middle  sound  is  extremely  tortuous, 
and  imnavigable  at  mean  low-water  by  vessels  of  more  than  2  feet  draught.  Indeed, 
the  Punta  Ko«a  Hickory  Bluff  mail  boat,  a  small  sloop  drawing  1  foot  of  water,  the 
only  vessel  regnlarlv  navigating  this  part  of  the  souna,  sometimes  finds  difficulty,  at 
iow-wate¥,  in  ftvolding  the  oys&r  and  sand  bars.  Ample  depth  for  vessels  of  6  feet 
^Of  bt  is  found  in  the  upper  sound,  the  channel  for  the  most  part  lying  midway  be- 
tween Pine  Island  and  the  mainland. 

Schoonei^  of  3  feet  di^nght  have  sailed  thtdti^h  Metlochat  Sound  6n  sisveral  occa- 
lioiiB,  b«t  only  With  Ihvorable  winds  and  at  hieh  tidiBs.  ft  is  6nly  navigated  by  the 
«iI'boats  of  a  few  families  living  on  its  eastern  ^oote,  who  pto^sufe  their  supplies  from 
Poota  Rosa  and  Fort  Myers.  1^  expenditure  for  dredging  any  of  its  channels  would 
i»e  justified  by  the  present  trade. 

An  extensive  Mind-bar  liel^  off  the  Inoiith  6f  the  Calooi^iahatchee  River.  Atnl6ss  this 
W.  ih  Um  direction  ft^m  Swotd  P6int  (cHllidd  Also  Punta  Blanco)  to  Fisherman's 
by,  not  mora  than  1  fiodt  of  depth  exists  at  mean  low  tide.  VesseU  of  steater 
driQsht  than  this,  when  Bailing  from  the  inputh  of  the  Caloosahatchee  to  Hickory 
Blo^  usually  pursue  the  Punta  Rosa-Boca  Grande  route  to  stake  No.  15.  northeast 
of  Bbca  Captrns.  Vrom  this  point  theV  follo'w  a  ohanhel,  affoidink  6  feet  df  wAter,  in 
tte  «i«^Mn  ncMh  i  DABi,  paMng  betWeen  PatH«io  and  Bird  islands,  ttlitll  dii^setly 
4st  of  the  northeast  extremity  of  the  former  island,  thence  a  eoursfe  northehst  by 
■orth  (fip*^  i}^^  ^  sufficient  depth  of  water  across  the  freat  sand-bar  lying  north- 
»«it  of  nne  iSlaild,  And  brings  the  vessel  within  sight  of  the  Cape  Hayes  stAke. 

iMi  Gk$pMlUi  PdH'to  mocory  B/n/.— Through  GaspariBa  Pass  sdhooners  of  4  feet 
^Mght  eati  fifld  »iiti«iiee  into  the  noHtiwest  angte  of  Charlotte  Httrbor  from  the 
OiUf  of  Mexico.  A  sand-bar  prqjeeting  in  all  directidns  from  the  north  extremity  of 
GaAsrilla  Island  gives  shape  to  the  channel,  which  approaches  the  pass  firom  the 
«athwe«f,  and  on  entering  hugs  its  north  shore.  Thence  its  course,  conforming  to 
that  of  the  sand-bar,  Yeers  to  the  southeast  until  when  a  vessel  is  dtie  east  of  the  head 
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of  Gasparilla  Island  it  is  distant  from  it  about  1^  miles.  From  this  point  soatheast- 
ward  tne  channel  lies  about  midway  between  Gasparilla  Island  and  the  assemblage  of 
islands  situated  east  of  it.  Pursuing  this  channel  to  a  point  abreast  of  the  eastern 
extremity  of  Gasparilla  Island,  a  vessel  may  thence  coast  along  the  island  to  Boca 
Grande,  or  direct  her  course  to  Cape  Hayes. 

Outside  of  Gasparilla  Pass  ^  mue  the  water  is  15  feet  deep,  and  thence  deepens  to 
30  feet  in  the  pass.  A  mile  further,  followinff  the  channel  above  described,  the  water 
shoals  to  5  feet,  and  thence  to  Boca  Grande,  or  to  Cape  Hayes,  a  vessel  of  4  feet 
draught  will  finu  a  sufficient  depth  everywhere. 

Gasparilla  Pass  is  seldom  entered  except  by  vessels  engaffed  in  mullet-fishing,  in 
the  northwest  part  of  the  harbor,  and  never  by  vessels  saiung  from  a  Gulf  port  to 
Hickory  Bluff.  No  appropriation  should  be  made  for  the  improvement  of  this  pass  or 
its  connecting  channels. 

It  is  proper  to  add  that  Gasparilla  Pass  and  the  inside  channel  thence  to  Boca 
Grande,  as  also  the  central  part  of  Metlochat  Sonnd,  were  not  sounded  by  us  for  lack 
of  time,  the  appropriation  forbidding  a  continuance  of  the  work.  The  information 
given  is  derived  from  the  masters  of  vessels  long  acquainted  with  these  channels, 
whose  independent  statements  agree  with  each  other,  and  are  doubtless  correct. 

The  population  of  the  islands  and  eastern  shore  of  Charlotte  Harbor  is  scanty  in  the 
extreme.  Not  more  than  twelve  persons  live  on  the  islands,  and  a  few  families  live 
on  the  shore  between  Punta  Gorda  and  the  mouth  of  Caloosahatchee  River.  The 
sole  lucrative  industries  at  present  carried  on  are  cattle  raising  and  the  harbor  fish- 
eries, the  latter  being  almost  exclusively  in  the  hands  of  Cubans.  Orange  growing 
is  increasing  in  importanoe^  though  the  groves  are  yet  too  young  for  a  gr^ftt  produc- 
tion. The  cattle  of  this  region  are  shipped  exclusively  to  Cuba,  either  &om  Hickory 
BlufiT  or  fiom  Punta  Rosa.  The  vessels  navigating  the  harbor  are  accommodated  to 
its  channels,  and  are  of  sufficient  capacity  for  tne  present  business,  and  for  any 
increase  of  business  that  may  be  reasonably  anticipated.  No  improvement  of  harbor 
or  passes,  therefore,  is  now  required. 

Mach  credit  is  due  to  Capt.  W.  D.  Collier,  of  Fort  Myers,  our  pilot,  whose  knowledge 
of  the  harbor  and  its  channels  proved  to  be  minute  and  exact.  Thanks  are  also  doe 
to  the  rodmen,  A.  T.  Smith,  W.  E.  Dootch,  and  A.  K.  Meigs,  who  labored  efficiently 
throughout  the  examination. 

very  respectfully,  your  obedient  servant, 

J.  L.  Meigs, 

Asnstant  Engineer^ 

Capt.  A.  N.  Damrell, 

Corps  of  Engineers,  U.S,A, 


K  i8. 

EXAMINATION  OF  WITHLACOOCHEE  RIVER,  FLORIDA. 

Office  of  United  States  Engineer, 

Mohiley  AUi.j  March  6, 1880. 

Sir  :  By  act  of  Congress  approved  March  3, 1879,  an  examination  of 
the  V^ithlacoochee  Biver,  Florida,  was  aathorized,  and  was  assigned  to 
me  by  letter  dated  April  25, 1879. 

This  examination  was  made  by  Mr.  J.  L.  Meigs  as  assistant  engineer, 
upon  whose  report  I  have  the  honor  to  submit  the  following: 

The  examination  was  commenced  at  Hayes's  Ferry,  the  highest  point 
to  which  any  improvement  is  at  present  considered  expedient.  The 
improvement  from  this  point  to  the  mouth  of  the  river  would  relieve  the 
present  difficulty  of  getting  the  produce  of  Marion,  Sumter,  and  Her- 
nando counties  to  a  market,  and  supplying  the  inhabitants  with  mer- 
chandise and  provisions  at  a  reasonable  expense. 

When  the  surveying  pariy  arrived  at  Hayes's  Ferry,  the  river  was 
about  6  feet  above  its  towest  stage  and  the  examination  had  to  be  car- 
ried on  under  this  disadvantage ;  sufficient  data,  however,  were  obtained 
upon  which  to  base  an  estimate  for  its  improvement. 

During  high-water  vessels  drawing  4  feet  can  ascend  the  river,  but 
as  this  season  is  usually  short  the  improvement  desired  is  the  i;^moval 
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of  sna^,  overhanging  trees,  and  loose  rocks,  and  catting  through  some 
of  the  worst  shoals  and  a  bar  at  the  mouth,  so  as  to  enable  boats  draw- 
ing 2  feet  of  water  to  navigate  the  river  daring  aboat  one-half  of  the 
Tear. 

The  cost  of  this  improvement  is  estimated  at  $23,874.04,  and  should 
it  be  deemed  expedient  to  make  the  improvement  I  would  recommend 
an  appropriation  of  $20,000.  It  is  expected  that  should  this  improve- 
ment be  authorized  the  country  aloAg  this  river  would  be  rax)idly  set- 
tled np,  and  that  in  a  few  years  further  improvements  may  become  nec- 
essary. 

No  leliable  statistics  could  be  obtained  as  to  the  amount  of  commerce 
that  would  be  immediately  benefited  by  the  improvement. 

The  report  of  Mr.  J.  L.  Meiers  is  herewith  forwarded  for  more  detailed 
information,  and  a  tracing  of  the  map  of  examination  of  the  Withlacoo- 
chee  Biver  will  be  forwarded  as  soon  as  made. 
Very  respectfully,  your  obedient  servant, 

A.  !N.  Dambell, 


The  Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineers. 


REPORT  OF  MB.  J.  L.   MBIOS,  ASSISTANT  BK6INEER. 

Mobile,  Ala.,  January  25,  1880. 

Sir:  In  accordaDce  with  yoar  letter  of  instruotions  of  August  15,  1879,  an  examina- 
ti<m  of  the  Withlacoochee  River,  Florida,  was  made.  The  following  report  of  the 
vork  ia  respectfully  submitted : 

The  examining  party,  consisting  of  an  assistant  engineer,  3  rodmen,  a  pilot,  and  a 
laborer,  were  assembled  at  Clear  Water  Harbor  on  September  7, 1879,  with  the  design 
ofpruceedins  overland  76  mile«  to  Hayeses  Ferry,  on  the  Withlacoochee  River,  where 
I  flat-boat  should  be  built  and  the  descent  of  the  river  be  there  commenced.  Ordi- 
luurilT  the  rainy  season  of  thatretpon  begins  about  the  middle  of  June  and  terminates 
early  in  September.  The  rainfall  during  each  of  the  years  1878  and  1879,  however, 
I^Toved  to  be  unnaually  great  and  protracted.  The  party  were  unable  to  leave  Clear 
Water  Harbor  liefore  September  16,  1879,  owing  to  heavy  rain  storms  and  overflowing 
fctresms,  and  the  march  thence  around  the  head  of  Tampa  Bay  and  across  Hillsboro 
and  Hernando  counties  was  slow  and  tedious,  ponds  and  submerged  flat-lands  being 
cocwtantly  encountered. 

Od  September  23,  they  arrived  at  W.  W.  Mallard's  MiU  (then  the  only  one  on  the 
WitbUcoochee  River),  situated  in  township  21  south,  range  20  east,  near  the  west  line 
of  Beetion  13  and  about  4  miles  by  water  below  Hayes's  Ferry.  This  ferry  was  selected 
utile  initial  point  of  the  examination  in  accordance  with  the  very  general  conviction 
of  the  best  informed  citizens,  that  to  render  the  river  navigable  from  its  month  to 
tins  point  would  not  only  greatly  relieve  the  present  difficulty  experienced  by  the 
people  of  Marion,  Snmter,  and  Hernando  counties  in  procuring  necessary  supplies  of 
P^  sod  ffroceries,  but  that  it  would  be  inexpedient  at  present  to  expend  money  on 
ike  river  above  Hayes's  Ferry.  A  bill  for  the  improvement  of  the  river,  introduced  at 
^  last  session  of  the  Florida  legislature,  proposed  that  the  work  should  be  com- 
BeDced  at  Mallard's  Mill.  It  seemed  proper,  therefore,  to  begin  the  examination  at 
Hajres's  Ferry,  and  this  was  done  on  September  26,  on  the  completion  of  the  necessary 
boats. 

Vnfortonately  the  examination  was  necessarily  made  at  a  stage  of  water  6  feet 
ibore  the  ordinary  summer  stage.  This  great  disadvantage  was  remedied  as  far  as 
poanble  by  employing  for  different  sections  of  the  river  the  services  of  experienced 
^lota,  who  had  frequently  descended  the  river  on  bargee  and  rafts  and  in  skiffs,  and 
bj  obtaining  information  from  every  available  source  in  regard  to  its  obstructions. 

By  these  means  and  by  constant  soundings  the  sites  of  shoals,  whether  of  sand  or 
lock,  were  ascertained.  All  snags  and  accumulations  of  logs  and  thQ  overhanging 
^n«a  and  limbs  were  carefully  noted,  and,  where  the  river  banks  were  not  submerged, 
^W^'stions  of  their  materials  were  made.  These  necessary  data  for  an  approximate 
^imate  of  the  cost  of  rendering  the  river  navigable,  so  far  as  to  relieve  tne  present 
*ioto  of  the  population,  are  given  below  in  tabular  form,  as  affording  the  easiest  and 
''eadiesi  node  of  examining  the  faots. 
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The  Withlacoocbee  River  from  Hayes's  Ferry  to  the  weetem  line  of  section  19,  town- 
ship 17  south,  range  20  east,  below  Morrisson's  Shoals,  traverses  a  series  of  open  lakes 
ana  wooded  lagoons,  generally  shallow  and  of  varying  widths.  The  lakes  are  inter- 
spersed with  floating  masses  of  wild  lettnce,  bonnets  and  careless  weeds,  and  with 
numerous  islands  covered  with  willows  and  aqnatic  plants.  The  wooded  lagoons  are 
heavily  timbered,  and  traversed  by  one  or  more  narrow  and  crooked  channels,  which, 
however,  afford  2  to  4  feet  of  water  at  the  ordinary  low-water  stage,  though  in  many 
places  not  more  than  30  feet  in  width.  The  current  flowing  in  the  lake  channels  ia 
sluggish  while  that  in  the  lagoon  channels  generally  flows  swiftly. 

From  the  western  line  of  section  19  (above  mentioned)  to  the  mouth,  the  river,  for 
the  most  part,  conflnes  itself  to  a  single  channel,  the  width  is  more  uniform,  the  cur- 
rent rapid,  and  the  bed  generally  covered  with  loose  rocks  at  the  places  of  shoals  and 
shallows.  The  channels  between  these  rocks  are  narrow,  crooked,  and  impassable  at 
very  low  water.  These  places  are  miscalled  shoals  in  many  cases,  since  the  depth  of 
water  between  the  rocks  is  as  great  as  is  elsewhere  obtained.  Here  the  river  can  be 
rendered  navigable  by  breaking  up  and  removing  the  soft  limestone  rocks,  which  are 
generally  mucn  less  than  a  cubic  yard  in  size. 

Just  above  the  mouth  the  river  is  divided  by  Chambers'S  Island  into  two  branches, 
flowing  northwest  and  southwest,  respectively.  The  north  branch  afford  quite  as 
good  water  as  the  other,  and  has  the  better  approach  from  the  Gulf  of  Mexico.  This 
approach  is  a  narrow  channel  (from  1^  to  3^  feet  deep  at  mean  low- water),  which 
crosses  a  shallow  bar,  composed  chiefly  of  oyster  beds  and  lying  off  the  mouth  of  tbo 
river.  For  f  of  a  mile,  this  channel,  which  has  an  average  widtn  of  30  feet,  should  be 
dredged  to  a  width  of  50  feet,  and  a  depth  of  3  feet,  at  mean  low-water. 

The  river  has  never  been  regularly  navigated  by  vessels.  A  small  steamer,  drawing 
about  2  feet,  has  ascended  it  to  Fort  Clinch.  Capt.  D.  M.  Lay  has  made  two  trips,  at 
ordinary  low-water,  from  the  mouth  of  the  river  to  Panasofkee  Outlet,  on  a  oarge 
carrying  18  tons,  and  drawing  18  inches  of  water.  A  small  barge  has  also  been  taken 
up  as  far  as  Pembertou's  Ferry ;  and  Mr.  W.  \V.  Mallard  has  carried  a  barge  loaded 
with  lumber  from  his  mill  on  section  13,  township  21  south,  range  20  east,  to  Panasofkee 
Outlet.  Rafts  of  cedar  logs,  however,  are  frequently  brought  out  of  the  river  (even 
from  the  region  about  Fort  Dade),  and  taken  to  the  merchant  mills  at  Cedar  Keys. 
These  require  a  depth  of  2  feet  of  water  everywhere  in  the  channel,  while  rafts  of  pal- 
metto logs  (from  the  region  immediately  above  the  month  of  the  river)  require  3  feet  in 
the  river  and  across  the  bar.  Except  by  barges,  no  attempt  has  been  made  to  carry  sup- 
plies of  provisions  and  goods  up  the  river.  The  people  now,  however,  very  earnestly 
desire  the  introduction  of  steam  navigation.  The  influx  of  population  n'om  other 
States  into  the  counties  bordering  on  the  river,  and  the  extensive  plantations  of  orange 
trees  on  the  Panasofkee  Lake  and  outlet,  and  on  the  Withlacoochee  also,  make  an  im- 
mediate improvement  of  the  river  navigation  very  necessary.  •  The  orange  groves  of 
Messrs.  Young  and  Adams,  and  of  Messrs.  Conover  and  Lay,  on  the  Panasofkee  Outlet, 
will  alone  give  employment  to  a  river  st«amer  during  the  fruit  season. 

The  extent  of  the  improvement  now  to  be  made  should  be  decided  by  the  needs  of 
the  population,  and  the  ordinary  stage  of  water  in  the  river  between  the  rainy  sea- 
sons. Vessels  drawing  from  14  to  24  inches,  such  for  example  as  navigate  the  Ock- 
lawaha  River  and  many  tributaries  of  the  Mississippi,  will  not  only  afford  ample 
tonnage  for  the  business  of  the  Withlacoochee,  but  will  be  of  as  great  draught  as  can 
regularly  navigate  it  at  the  ordinary  stage  of  the  water.  It  is  oertain  that  on  one 
occasion  within  the  past  thirty-flve  years  the  river  bed  in  the  vicinity  of  Mallard's 
Mill  was  perfectly  dry  (with  the  exception  of  deep  pools  of  standing  water)  during 
a  season  of  great  drought;  and  at  other  dry  seasons  the  stream  has  been  so  reduced  in 
volume  at  the  difierent  shoals  as  to  be  uunavigable  by  vessels  drawing  18  inches  of 
water. 

Old  residents  of  the  region  bordering  the  river,  and  raftsmen  engaged  in  carrying 
cedar  logs  down  it,  agree  in  opinion  that  no  greater  improvement  need  now  be  un- 
dertaken than  to  make  the  river  navigable  during  the  six  or  seven  months  following 
the  rainy  season  for  vessels  not  exceeding  2  feet  in  draught,  and  that  this  may  be  done 
by  clearing  its  banks  of  overhanging  trees  and  limbs,  and  by  removing  sunken  logs, 
snags^  and  loose  rocks  from  its  bed. 

It  IS  not  recommended  to  clear  a  belt  of  timber  bordering  on  each  of  the  livcr 
banks,  but  only  to  remove  overhanging  trees  and  limbs  that  would  imi^ede  passing 
boats.  The  timber  growing  on  the  slopes  and  crests  of  the  banks  should  be  care- 
friUy  preserved  as  a  means  of  holding  the  sandy  soil  in  place  and  preventing  the  slid- 
ing of  the  banks  into  the  stream.  Such  slides  of  sandy  river  banks  render  the  river 
shallow  (as  has  been  observed  in  the  case  of  x;ertain  streams  in  Georgia),  by  widen- 
ing ita  bed  and  filling  the  channel  with  sand.  Rocks  can  readily  be  got  out  of  the 
way  by  depositing  them  in  near  pools  of  deep  water. 

The  deepening  of  the  channel  across  sand  shoals  or  bars  will  extend  the  period  of 
navigation  every  year  for  a  month  or  more.  Many  of  the  smaller  sand-bars  (of  which 
23  have  been  noted)  will  be  deepened  by  the  action  of  the  stream  alone^  when  the  re- 
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Borml  of  the  looee  rocks,  sunken  logs,  and  bmsh  shall  give  free  play  to  the  current. 
The  methcNi  of  deepening  such  channels  by  dredein^,  or  the  more  economical  exca- 
ration  with  shoTela  and  harrows,  daring  a  period  of  extreme  low-water,  should  only 
W  resorted  to  where  there  .are  good  grounds  for  believing  that  the  new  channel  will 
ifterwardu  be  kept  clear  and  open  by  the  action  of  the  current  above.  Such  places, 
n  is  believed,  are  Morrisson's  Snoal  and  certain  small  islands  in  the  upper  river,  the 
removal  of  which  will  give  room  for  navigation. 

In  the  case  of  other  bars,  low  dams  oi  closely  driven  piles  may  be  built,  so  as  to 
confine  the  running  water  to  a  single  channel,  which  will  thus  be  kept  open.  In  the 
accompanying  estimate,  however,  the  cost  of  deepening  bars  is  approximated  by  esti- 
mating the  work  in  each  case  as  excavation. 

Affraac^utte  e$timuite  of  the  eo$l  of  mprovinff  Withlaooochee  Bxrer  between  Bayee^a  Ferry 

and  its  mouth. 


Dtrjakm  of  river. 


I  .... 

m.- 
rr*. 

T... 
TI.. 

Tn . 
vm 

IX-. 


Quantity  and  price. 


Earth  ezoavatioD. 


Cubic  yards. 
8  044  at  30  cents. 
300  at  30  cents. 


Itock  exca- 
vation. 


Bankfl  to  be 
cleared  of  over- 
hanging trees,  &o. 


Cubic  yds. 


89at$l 


Linear  feet 
7,854  at  l(  cents 
4,244  at  ll  cents. 
5,000  at  l{  oenta. 


Snags  to 
be  re- 
moved. 


28  at  $10 
61  at  $10 


Cost  of 
work. 


$1,291  01 
663  66 
164  00 


6,619  at  30  cenU. 


I 

IT 

XII* 

OMamel  acroea  bar 

Add  for  engineering  and  con- 


11,787  at  30  cents. 

838  at  80  cents. 

667  at  30  oenta. 
2,778  at  30  cents. 


1,400  at  $1 

3,578  at  $1 

600  at  $1 


800  at  U  cents. 
2,800  at  ]{  cents 
3,600  at  l{  cents 
12,500  at  1*  cents 
6,800  at  If  cents. 
1,600  at  H  cents. 


3  at  $10 
18  at  $10 

0  at  $10 
13  at  $10 
17  at  $10 

4  at  $10 


42  00 

t2, 177  70' 

tl.544  00 

7,430  dO 

864  40 

264  10 

883  40 


15,400  at  SO  cents. 


4,620  00 
8,979  17 


Totad. 


23.674  04 


*  Ko  work  recommended  to  be  done  on  this  division. 

t  Tbia  includes  cost  of  excavating  a  channel  (2  by  60  feet  in  section)  across  Korrlsson's  SlioaL 

*  This  indttdes  cost  of  removing  loose  rocks  from  river  bed  at  Horn's  Bridge  Shoals. 

Mention  having  been  made  of  the  fact  that  cedar  rafts  have  been  bronght  down  the 
rivM-  from  the  vicinity  of  Fort  Dade,  it  may  be  well  to  add  tbat  manv  persons  regard 
rhe  river  as  navigable  for  15  miles  above  remberton's  Ferry,  and  think  that  the  im- 
provement of  the  channel  should  extend  to  that  point.  They  report  that  within  li 
siiJes  above  Hayes's  Ferry  there  is  a  sand-bar  100  yards  long,  on  which  the  water  at 
.XA  ordinary  low  stage  is  1^  feet  deep.  Immediately  above  tbis  is  the  foot  of  Cypress 
Mttod,  from  which  xK>int  the  eastern  chnte  of  the  nver  is  to  be  ascended.  This  cnute 
:%  from  90  to  100  feet  wide,  and  is  mnch  obstructed  by  logs.  These  removed,  there 
Toald  be  from  3  to  4  feet  of  water  in  the  shallow  parts  of  tbe  chnte. 

From  the  head  of  Cypress  Island  upward  to  Pemberton's  Ferry  the  depth  of  water 
m  tbe  shallows  is  equally  good,  while  10  to  15  feet  may  be  had  at  the  other  places. 
And  for  15  miles  above  the  ferry  tbe  depth  of  water  is  also  good,  3  to  4  feet  being  ob- 
tainable at  the  low  stage  of  the  water.  The  width  is  everywhere  from  90  to  100  feet. 
Tbe  growth  of  the  country  may,  indeed,  hereafter  require  the  Improvement  of  this 
part  of  the  river. 

Thanka  are  due  to  Capt.  C.  F.  Adams  for  valuable  memoranda  in  regard  to  the  river, 
and  for  other  information ;  also  to  Messrs.  W.  W.  Mallard  and  L.  L.  Hodges. 

Respectfully  submitted. 

J.  L.  Meigs, 

AssiBtant  Engineer, 

Capt.  A«  X.  Damrell, 

Corpe  of  Engineers,  U,  S,  A, 
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examination  of  pea  river,  alabama,  from  geneva  to  elba. 

Office  of  Unitio)  States  Engineer, 

Mobile^  Ala.y  March  3, 1880. 

SiB :  By  act  of  Congress  approved  March  3^  1879,  an  examination  of 
the  Pea  Eiver,  Alabama,  was  authorized,  and  by  letter  dated  May  12, 
1879,  wm  assigned  to  me^  and  was  pot  in  immediate  cba]::ge  of  Mr.  Hiram 
Haines,  assistant  engineer,  whose  report  shows  that  from  Elba,  where 
the  examination  was  commencedc  to  its  mouth,  a  distance  of  about  60 
miles,  the  river  in  its  present  condition  is  not  navigable.  In  the  upper 
portion  of  the  river  the  chief  obstructions  are  rock  shoals,  while  the 
low^r  portion,  is  filled  with  snags  and  logs  to  such  an  extent  as  to  make 
its  passage  even  with  a  small  boat  extremdy  difficult.  To  make  this 
river  navigable  for  light-draught  boats  during  high-water  season,  from 
Elba  to  its  month,  an  appropriation  of  (56,750  would  be  required,  which 
estimate  includes  the  construction  of  two  locks  and  dams. 

As,  however,  all  the  commerce  of  this  river  would  probably  pass  over 
the  Choctawhatchee  Eiver  in  its  way  to  market,  and  would  for  a.  number 
of  years  be  small  in  extent,  I  would  recommend  its  improvement  be  de- 
layed until  that  of  the  latter  river  is  completed. 

The  report  of  Mr.  Haines  and  a  tracing  of  index  map  are  herewith  in- 
closed, to  which  I  would  respectfully  refer. 

Respectfully  submitted. 

A.  N.  Damrbll, 
Captain  of  Engineers^  U.  8.  A. 

The  Chief  of  Engineers,  U.  S.  A. 


REPORT  OF  MR.   HIRAM  HAU^S,  ASSISTANT  BNOINKER. 

Mobile,  Ala.,  Oetoher  18, 1879. 

Sir;  I  haye  the  honor  to.  submit  the  following  aa  the  reaolt  of!  my  examination  of 
Pea  River,  Alabama,  ftmn  Elba  to  its  confluence  with  the  Choctawhatchee  River, 
made  afreeablvto  your  instruction^  of  the  4  th  of  Auffust,  1879.  at  Geneva,  Ala. 

Thenver  at  f^ba  cuts. through  a  heavy  bed  of  soft,  thinly  laminated  arsillaceoua 
TooHi  forming  perpendicular  banks,  apd  a  sqccession  of  shoals  for  5  to,  6  mues  below 
the  town. 

At  Churohill's  Bridge,  7|  miles  below  Elba,  this  rock  is  replaced  by  beds  of  clay  in- 
terstratified  with  thin  layers  of  soft  sandstone,  which  show,  at  intervala,  just  above 
the  surface  of  the  water  along  the  margin  of  the  stream.  To  this  point  the  river  is 
from  100  to  ISO  feet  wide,  comparatively^  straight,  and  the  shoals  form  the  chief 
obstructions  to  navigation.  At  12  or  15  miles  fh)m  Elba  the  banka  become  low  and 
less  resistive,  and  the  stream  more  winding  in  its  course.  At  25  miles  the  white  limo- 
^  stone  develops  itself  in  heavy  beds,  forming  mural  banks  for  10  or  12  miles,  and,  by  pro- 
teetin^  the  aojaoent  timber  from  being  undermined,  renders  the  river  fcee  ncQm  ob- 
structions of  tnis  kind.  Upon  the  disappearance  of  the  limestone,  the  banks  again 
become  low,  and  the  ri^er  enters  a  swamp.  Its  course  becomes  extremely  tortuous ;  its 
volume  ofben  greatly  diminished  by  outflows  or  cut-offs^  and  the  bed  so  filled  with 
snags  and  fallen  trees  as  to  render  its  passage  extremely  difficult.  At  Stevens's  Ferry, 
GO  miles  from  Elba,  the  river  emerges  from  the  »wamp,  one  of  the  principal  cnt-ons 
rejoins  it,  and  the  stream  becomes  broad,  less  wiiiding,  and  free  from  obstructions  from 
thence  to  its  confluence  with  the  Choctawhatchee. 

The  length  of  the  river  from  Elba  to  the  Choctawhatchee  is  about  60  miles,  or  about 
twice  the  distance  in  a  straight  line.  The  following  is  an  estimate  of  the  cost  of  im- 
proving this  part  of  the  river  to  render  it  navigable  for  barges  and  small  steamboats 
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m  six  months  in  the  year,  its  navigation  for  a  longer  period  being  considered  im- 
praeticable : 

For  the  construe tion  of  two  dams  and  locks  of  crib  work,  5  feet  high,  for 
orercoming  falls  and  shoals  between  Elba  and  Churchill's  Bridge,  at 

$15,000 $30,000  00 

For  removing  snags  and  fallen  trees 9,250  00 

For  one  snag-boat 7, 000  00 

Ft»r dredging  and  rectification  of  channel 7,500  00 

For  900  linear  feet  of  dike,  at  $5 1,500  00 

Fur  500  linear  feet  of  bmsh  dam,  at  $3 1,500  00 

56,750  00 

Abont  nine  thousand  bales  of  cotton  are  made  annually  in  Coffee  County,  of  which 
ab«>at  500  are  sold  in  Elba.  Nearly  the  entire  crop  is  hauled  to  Troy,  an  average  dis- 
tance of  35  miles,  at  present  the  most  accessible  market  for  this  section  of  the  State. 
This  connty  also  produces  about  50,000  pounds  of  wool.  The  uplands,  which  are  gen- 
enlly  finely  timbered  with  yellow  pine,  are  admirably  adapted  to  stock  raising,  and 
tb<*  river  and  creek  bottoms  to  the  cultivation  of  cotton,  corn,  tobacco,  sugar-cane, 
And  nee.  They  yield  largely  of  the  two  latter  crops,  though  the  amount  produced  of 
either  is  commonly  restricted  to  domestic  wants. 

As  a  considerable  development  of  the  country  along  the  river  would  have  to  take 
place,  and  the  production  of  the  above  commodities  very  greatly  increase  in  order  to 
induce  steamboat  navigation,  I  would  consider  any  expenditure,  at  the  present  time, 
for  locks  and  dams  (which  could  only  bo  required  for  this  purpose)  premature  and  in- 
advisable. I  am,  therefore,  of  the  opinion  that  the  work  cited  in  the  foregoing  esti- 
mat4»,  exclusive  of  the  locks  and  dams,  would  provide  amply  for  such  transportation 
19  will  be  required  for  many  years  to  come. 

An  index  map   of  the  Choctawhatchee  and  Pea  rivers,  showing  their  relation  to 
PfDsacola  (the  nearest  port  of  entry),  accompanies  this  report.    The  field  notes  give 
in  detail  my  observations  in  regard  to  the  character  of  the  river. 
Very  respectfully,  your  obedient  servant, 

.  Hiram  Haines, 

Assistant  Engineer, 

Maj.  A.  X.  Damrell, 

Ct^taiHj  Corps  of  Engineers,  U.  S,  A. 
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DCSPECTION  OF  THE  IMPROVEMENT  AT  1  HE  SOUTH  PASS  OF  THE  MIS- 
SISSIPPI BIVEB. 


MEPORT  OF  CAPTAIN  WILLIAM  H,  HEUER,  CORPS  OF  ENGINEERS,  IN- 
SPECTING OFFICER,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1880. 

New  Orleans,  La.,  July  21, 1880. 

Gbneral  :  I  have  the  honor  to  traDsmit  the  annual  report  of  the 
progress  of  work  on  the  improvement  of  the  South  Pass  of  the  Missis- 
sippi River. 

The  body  of  the  report  is  made  by  Mr.  G.  Donovan,  assistant  engi- 
neer, who  is  the  local  engineer  in  charge  of  the  surveys  and  examina- 
tions being  made  there. 

An  examination  of  the  report  and  charts  shows  that  at  the  end  of  the 
hscal  year  there  was  through  the  jetties  a  channel  30  feet  deep,  having 
a  least  width  of  40  feet,  while  the  26-foot  channel  has  a  least  width  of 
2MI0  feet.  Near  the  head  of  the  passes  in  the  channel  there  is  but  one 
6pot  having  a  less  depth  than  26  feet.  At  this  point  the  depth  is  25.6 
feet-  One  year  ago  the  depth  at  the  same  place  was  24  ffeet.  In  other 
words,  there  is  now  a  ship  channel  from  the  Gulf  of  Mexico  into  the 
Mis£»issippi  River  200  feet  wide  and  having  a  depth  of  26  feet,  except  in 
one  little  spot  just  referred  to. 

A  survey  outside  of  the  jetties  was  made,  covering  about  IJ  square 
miles  of  area,  with  a  view  to  determine  the  amount  of  scour  or  fill  that 
had  occaired.  The  change  since  last  report  was  so  slight  as  to  amount 
to  practically  nothing.  The  survey  showed  a  mean  scour  of  about  .12 
of  a  foot.  The  aggregate  amount  of  deposit  or  fill  in  this  area  from 
1876  to  June  30,  1880,  has  averaged  in  vertical  height  1.04  feet. 

The  very  decided  improvement  in  the  depth  of  water  through  the 
jetties  during  the  year  is  probably  due  to  the  immense  concrete  blocks 
and  walls  placed  on  the  jetties,  which  confined  the  water  within  the  jet- 
ties and  thereby  increased  the  scour.  For  details  of  these  blocks,  their 
isiz^,  subsidence,  &c.,  see  the  detailed  report.  The  report  also  contains 
details  of  all  cribs  and  other  work  done  by  Mr.  Eads  daring  the  fiscal 
year. 

Respectfully  submitted.  W.  H.  Heuer, 

Captain  of  Engineers. 

The  Chief  op  Engineers,  U.  S.  A. 


report  of  mr.  c.  donovan,  assistant  engineer. 

United  States  Engineer  Office, 

Pwt  Eads,  La,,  July  15,  1880. 

Sir  :  In  coiupliance  with  your  verbal  iustructions  I  have  the  honor  to  present  herein 
&  Ti'poTt  of  the  progress  made  in  the  improvement  of  South  Pass  of  the  Mississippi 
Kiver,  by  Mr.  James  B.  Eads,  during  the  fiscal  year  ending  June  30, 18b0,  and  also  the 
n^olts  of  exAminations  and  surveys  made  during  the  year. 
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HEAD  OF  PASSES. 

With  the  exception  of  "Upper  Dam,"  the  works  at  this  point  remain  in  substan- 
tially the  same  condition  as  when  last  reported  upon  (June  30, 1879).  The  work  during 
the  year  has  been  very  slieht,  consisting  in  placing  two  tilted  mattresses,  each  60  feet 
long,  *i2  feet  wide,  and  1  foot  thick,  to  close  a  breaK  in  the  extension  of  east  T-head 
dam,  and  twenty-five  hours*  dredging  to  increase  the  width  of  the  26-foot  channel. 

Tlie  above-mentioned  work  was  done  previous  to  July  25,  1879. 

In  the  construction  of  mattresses  824^  cords  of  willows  were  used. 

From  July  25  to  December  27,  1879,  the  works  here  remained  in  good  condition, 
only  a  slight  sinking  of  the  mattresses  having  occurred.  About  December  27,  owing 
to  the  pressure  on  the  *' Upper  Dam,"  caused  by  the  rising  of  the  river,  this  structure 
was  undermined  in  two  places  and  carried  away.  These  breaks  have  gradually  in- 
creased, until,  on  June  30,  they  were  respectively  130  and  620  feet  wide,  having  a 
depth  of  18  feet  of  water  through  them. 

The  only  portion  of  this  dam  which  is  in  place  and  above  average  flood  tide  is  430 
feet  of  the  western  end.  The  other  portions  not  carried  away  are  still  in  place,  but 
their  surfaces  are  from  5  to  12  feet  below  average  flood  tide.  On  Chart  No.  4  the  por- 
tions of  this  dam  which  have  disappeared  are  indicated  by  a  broken  line. 

The  deterioration  of  this  dam  has  not  been  detrimental  to  channel  improvement, 
especially  below  it,  as  there  has  been  a  constant  and,  at  times,  a  rapid  deepening  since 
it  was  completed,  and  ej^pecially  during  high  river. 

It  is  considered  that  this  dam  has  served  the  purpose  for  which  it  was  built,  and 
that  it  wull  not  be  necessary  to  rebuild  it. 

DAM  AT  BAYOU  GRANDE. 

No  work  has  been  done  on  the  dam  across  this  outlet  to  South  Pass  during  the  year. 
The  work  still  remains  in  fair  condition,  only  a  settling  of  the  mattresses  having  oc- 
curred. The  upper  surface  of  the  top  mattress  is  now  2^  feet  below  average  flood 
tide.  The  bayou  above  the  dam  has  become  so  tilled  with  deposit  that  the  average 
depth  of  water  through  it  is  about  4|  feet. 

At  high  tide  there  is  a  sluggish  current  through  the  bayou,  and  its  discharge  is 
alight,  being  to  some  extent  obstructed  by  flood-wood,  w^hich  has  collected  above  the 
dam. 

AT  THE   MOUTH   OF  SOUTH  PASS. 

(a)  East  Jetty. 

The  work  at  the  mouth  of  South  Pass  during  the  year  has  been  chiefly  confined  to 
the  building  up  of  this  structure,  as  it  is  the  more  important  one,  being  subjected  to 
the  majority  of  the  violent  wind  storms  which  visit  this  section. 

The  following  is  a  classification  of  the  work  on  this  jetty: 

1.  Building  and  sinking  of  crib  work. 

2.  Placing  of  concrete  blocks. 

3.  Building  parapet  wall  on  concrete  blocks. 

4.  Miscellaneous  work. 

Ist.  Building  and  linking  of  crib  work.  —This  work  is  for  the  purpose  of  strengthening 
and  protecting  the  sea  ends  of  the  jetties,  and  in  some  cases  it  forms  the  foundation 
for  concrete  blocks.  The  cribs  consist  of  piles  laid  in  alternate  horizontal  courses, 
crossing  each  other  at  right  angles.  The  piles  in  the  floor  courses  are  pla^^ed  in  con- 
tact with  each  other,  and  those  of  the  upper  courses  ar»>  from  5  to  7  fei*t  apart,  thus 
forming  compartments  from  4  to  6  feet  square.  The  piles  are  held  together  by  drift 
bolts  at  every  point  of  contact,  and  also  by  iron  straps  passing  around  the  exterior 
piles  of  three  or  four  courses. 

In  many. of  the  cril>s  the  floor  is  formed  of  10  by  3  inch  lumber,  and  the  spaces^e- 
tween  the  piles  are  closed  by  chinking,  or  by  inch  planks  nailed  on  the  inside. 

These  cribs  are  built  on  ways,  and  when  completed  are  launched  and  floated  into 
position,  and  sunk  by  filling  the  compartments  with  stone.  They  vary  somewhat  in 
form,  according  to  tlie  position  they  are  to  occupy,  and  are  placed  so  that  the  top  of 
the  crib  will  be  at  average  flood  tide.  A  slope  is  formed  by  omitting  piles  in  the 
courses  in  one  direction,  and  shortening  those  in  courses  at  right  angles,  or  by  elevat- 
ing one  end  of  the  piles  so  as  to  form  the  desired  slope,  the  other  end  being  in  contact 
with  the  lower  horizontal  course. 

Cribs  are  built  of  palmetto,  i>ine,  and  cypress  piles ;  those  con8truct«<l  of  palmetto 
piles  are  from  40  to  70  feet  long,  and  from  15  to  20  feet  wide,  their  heights  varying 
according  to  the  depth  of  water  at  the  point  w^here  they  are  to  be  placed.  These  arc 
snnk  near  and  about  the  extreme  ends  of  the  jetties,  usually  with  their  greatest  di- 
mension parallel  to  the  axis  of  the  jetty. 

The  other  class,  denominated  npur  ori6«,  are  built  of  pine  or  cypress  piles  and  plank, 
usually  25  feet  long  and  20  wide,  with  their  greatest  vertical  dimension,  with  one  ex- 
ceptiou,  not  exceeding  8  feet.  They  are  placed  in  shoal  water  at  intervals  along  either 
aide  of  the  jetties,  with  their  length  perpendicular  to  the  axis  of  the  jetty,  and  serve 
to  strengthen  the  concrete  wall,  and  break  the  swells  which  race  along  the  sea  side  of 
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tile  concrete  blocks  with  nndermining  effect ;  they  will  also  serve  as  a  foundation  for 
eoocrt'te  blocks,  which  it  is  proposed  to  place  npon  some  of  them  in  the  future.  Dur- 
ing the  year  twenty-two  cribs  have  been  built  and  placed  in  position  about  the  east 

On  Chart  Xo.  5  is  given  a  plan  of  the  end  of  the  jetties,  showing  the  total  nnmber 
uu\  p<Mitiou  of  cribs  in  place,  and  a  cross-section  of  the  east  jetty  near  its  end,  or 
11.77^  feet  firom  East  Point,  which  will  serve  to  show  the  construction  of  them. 

The  follomrinc^  table  gives  the  dimensions,  contents,  character,  <&c.,  of  eacb  crib 
placed  daring  tne  year,  and  tbeir  position  with  reference  to  either  Jetty.  The  nnmber 
of  t^ach  crib  corresponding  to  that  given  in  the  table  will  be  found  on  the  plan  above 
rvferred  to  : 

Table  giving  dimenHons,  char<icter,  and  location  of  cribs. 
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Looation. 


460 
700 
700 
620 
680 
520 
276 
225 
225 
225 


456 


5,697 
780  ; 1,080 


600 
472 
952 


440 
400 
520 


700   Station  112,  Bea  Bide,  East 

Jettv. 

640   Station  110,  sea  side,  East 

Jetty. 

700   '  Station  108,  sea  side,  East 

I     Jetty. 

460  ' ;  Station  114,  sea  side,  East 

Jetty. 
Station  112,  sea  side,  West 

Jettv. 
Station  114,  sea  side,  West 

Jetty. 
Station   113,   river  side, 

East  Jettv. 
Station  1 15  4-50,river  side, 

East  Jetty. 
Station  111',    river  side, 
West  Jettv. 
80    Station   113,*  river   side, 
W«»8t  Jetty. 
Station  111,  sea  side,  East 
Jetty. 
380    Station  113,  sea  side,  East 

I     Jetty. 
380  I  Station  115,  sea  side,  East 

I     Jetty. 
380    Station   110,   river  side, 
j     West  Jt'tty. 
225  I    380  I  Station  111  ^80, riverside, 
^^♦*8t  Jettv 
260  iStotion  114 +50,  river  side, 
East  Jetty. 
Sea  side,  end  West  Jetty. 
Under  trestlt'',  end  West 

Jetty. 
Sea  siae,  end  East  Jetty. 


I 


360 


800 


1,210 
1,170 
1,980 

1,170 
1,164 

1,160 
1,004 
1,953 


,2,500 

450 
460 
450 


450 
687 

585 
520 


Do. 
Do. 

580    Station  115,  sea  sidn,  West 
Jptty. 
Station  116,  sea  side,  East 

Jettv . 
Sea  side,  end  East  Jetty. 
Do. 
Do. 


20. 112  I  7, 402  9, 192,  2, 800 


Do. 
Under  trestle,  end  East 
Jetty. 

Do. 

Do. 
River  side,  end  Bast  Jetty . 


lu  sinkiDg;  these  cribs  3,801  cubic  yards  stone  have  been  used;  in  addition,  04  cubic 
yards  macsadam  and  12  cubic  yards  gravel  were  placed  in  crib  thirty -eight,  and  30 
cubic  yards  macadam  and  18  cubic  yards  gravel  in  crib  thii-ty-seven. 

•2^.  'piadng  of  concrete  blocks. — ^The  work  preparatory  to  the  placing  of  these  blocks  of 
tftifieiai  stone,  that  is,  preparing  the  foundation,  building  the  elevated  railway  for 
the  tTAnMportation  of  the  mixed  concrete,  d&c,  has  been  fully  described  in  a  previous 
ri'pari  iwem  Annual  or  12th  Report,  1878-^9,  page  6).    November  15,  preparations 
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were  begun  for  the  coutinnation  of  this  work  on  the  East  Jetty  upwards  from  Station 
93  -h  96.  where  it  terminated  July  1,  1^79. 

The  elevated  railway  was  continued  from  the  same  point  to  its  present  terminns 
^Station  d5  -j-  15),  a  distance  of  2,881  feet ;  1,155  feet  of  this  length  was  built  by  trans- 
terring  all  that  portion  of  a  similar  railway  on  the  West  Jetty  above  A  cement ;  the 
remaining  1,726  feet  is  of  new  construction. 

Up  to  July  1,  140  concrete  blocks  were  placed  above  Station  93  -f-  96,  which  brinm 
the  present  terminus  of  this  work  to  Station  65  -(-  15  or  6,515  feet  below  East  Point,  the 
commencement  of  the  east  Jetty.  These  blocks  average  about  20.1  feet  in  length,  are 
3  feet  thick,  and  vary  in  width  from  4  to  4-^  feet,  and  are  separated  by  a  distance  of 
about  -At  of  a  foot. 

On  July  1,  1879,  the  sea  end  of  the  concrete  blocks  was  at  Station  116  -f  33,  ter- 
minating with  block  number  ninety-one,  which  had  been  undermined  and  broken. 
This  block  has  been  rebuilt,  and  the  work  extended  seaward  to  Station  117 -f  73,  a 
distance  of  140  feet,  by  the  addition  of  three  blocks,  nuiubered  respectively  ninety- 
two,  ninety-three,  aud  ninety-four. 

These  blocks  rest  upon  crib  foundations,  and  are  of  the  following  dimensions: 

No.  92,  51.6  feet  long,  10.6  feet  wide,  and  3.6  feet  thick. 

No.  93,  46.3  feet  long,  10.8  feet  wide,  and  4.0  feet  thick. 

No.  94,  41.9  feet  long,  12.0  feet  wide,  and  4.8  feet  thick. 

The  average  weight  of  these  blocks  is  about  158  tons,  the  heaviest  (No.  94)  being 
180  tons. 

These  blocks  were  built  with  their  ends  in  contact,  thus  making  one  continuous 
block. 

The  present  termini  of  the  concrete  blocks,  that  is.  Stations  65  -(-  15  and  117  -}-  73, 
are  fixed  as  points  beyond  which  it  will  not  be  necessary  to  carry  this  work,  at  least 
for  the  present. 

Number  of  linear  feet  of  concrete  blocks  built 2, 951 

Number  of  cubic  yards  of  coiicrefe  used 1, 471 

Number  of  cubic  yanls  of  gravel  in  foundation * 721 

The  following  tables  are  presented,  as  they  give  in  detail  information  regarding  the 
settling  of  the  concrete  blocks : 

Tables  skoioing  elevation  of  concrete  blocks,  at  various  dates,  above  the  plane  of  average 
flood-tide,  and  the  total  subsidence  of  each  block  from  the  date  of  the  first  observation, 

EAST  JETTT— BELOW  STATION  101  +  16. 


Remarks. 


Station  101  +  15. 
No8. 1  to  6  iuclasive  raised  by 
concrete  during;  April,  1870. 


Station  102. 
Under  mixer. 

Nos.  8  to  13  inclusive  raised  by 
conor(>te  between  March  5 
and  March  31, 1879. 

Station  103. 


Noa.  14  to  10  inclusive  raised 
bv  Ciincrete  between  Febru- 
aiv  11  and  March  5, 1870. 

Station  104. 


(vil.  12 
H4  (».  9:t 
m  0.  K."> 

80  U.  05 
70.0.  75, 
79  0.  8.3 
50|1.16; 


Station  105. 
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BAST  JETTY— ABOVE  STATION  101  +  15-Coiitinued. 
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0.03 
0.12 
0.07 
0.23 
0.26 
0.29 
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Bemarks. 


Station  101. 

The  construction  of  the  parapet 
prevented  the  taking  of  levelH  on 
nnmbers  1  to  12  after  DeceiDbor27, 
1879,  and  on  numbers  succeeding 
after  February  24, 1880. 


Station  90. 


Station  98. 


Station  07. 

Station  numbers  19  to  27,  inclusive, 
raised  by  concrete  January  1880. 

Station  96. 

Subsidence  of  numbers  19  to  27,  in* 
elusive,  is  up  to  December  27, 1879. 


Station  95. 


Station  93  +  96. 


Station  93. 


Station  92. 


Station  91. 


Station  90. 


Station  89. 


Station  86. 


Station  87. 
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Bemarks. 


Station  86. 


Station  85. 


Station  84. 


Station  83. 


Station  82. 


Station  81. 


Stotion  80. 


SUtlon  79. 


Station  IB. 


Station  77. 


Station  76. 


Station  75. 


Station  74. 


Station  73. 


Station  72. 
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Jl 


Station  71. 


Station  70. 


Ft. 

2.44 

2. 22 

2.06 

2.25 

2.51 

2.45 

2.26 

2.27  ' 

2.49  , 

2.41  I 

2.34    Station 

2.66 
2.77 
2.47 
2.40 
2.51 
2.76 
2.96 
2.80 
2.79 
2.60 
2.65 
2.90 
3.14 
3.33 
3.29 
3.56 
3.43 
3.40 
3.44 


Station  68. 


Station  67. 


Station  66. 


Average  sobsidence  of  67  blocks. 
Greatest  subsidence,  Station  94  . . 


Station  65+15. 


0.32 
0.60 


WEST  JETTY— BELOW  STATION  101  +  25. 


i 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


Date 
wben 
laid. 


1879. 
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Remarks. 


Station  101 +  25- 

Nos.   1    to    6,    InclosiTe, 

raised  by  concrete  April 

1879. 

Station  102. 
Under  mixer. 
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2.5012.48  2.48 
2.  6012.  60  2.  59 
2.  672.  66  2.  65 


2. 65  2. 
2.  64  2. 


762. 
752. 


64  2.63 
62  2.62 

72  2.  72 

73  2.  72 


2.  72  2. 69  2.  67 


2.86 
2.82 
2.84 


2.  83  2.  82 
2.  80  2.  78 
2.80  2 


2.75|2.712 
2.  6612. 63  2 
2.57  2.54  2 
2.57 


79 
70 
61 
51 
2.  54  2. 52 
2. 64  2.  63  2.  62 
2. 58{2.  56  2.  53 
2.  572. 55 2.  51 
2.  25|2.  23  2.  20 
2. 32!2.  30  2.  29 
2.12  2.08  2.06 


Ft\ 
2.35 
2.48 
2.58 
2.65 
2.62 
2.61 
2.72 
2.73 
2.67 
2.81 
2.79 
2.80 
2.  70 
2.64 
2.53 
2.49 
2.60 
2.52 
2.43 
2.17 
2.27 
1.99 


9 

J 

a 

« 
o 
H 


Ft. 

0.46 
0.45, 
0.39' 
0.471 
0.50 
0.531 
0.62 
0.49, 
0.56 
0.50 
0.51i 
0.4l| 
0.41 
0.401 
0.54 
0.63, 
0.58 
0.7l' 
0.83 
1.04 
0.97 
1.32 


04 
07 
06 
00 
99 
98 
03 
09 
27 
35 


2.  67  2. 

2. 85  2. 
2.  88  2. 
3.012. 

2.  97,2. 

92  2. 
75  2. 

93  2. 

94  2. 
89  2. 

2.87  2. 

2. 86  2. 
2. 93  2. 
3.00  2. 
3. 15  2. 
3. 26  3. 
3. 37  3. 
3.44,3. 

3.  51i2. 
3.  51  3. 
3. 423. 
3. 42  3. 
3.  .38  3. 
3.  27  3. 
3.  37  3. 
3.  443. 
3.  46  3. 
3.54 


47  2. 
712. 
76  2. 
86  2. 
792. 
74  2. 
612. 
76  2. 
752. 
682. 
62  2. 
662. 
74  2. 

82  2. 
99  2. 
10  3. 
22  3. 
20  3. 

83  2. 
12  2. 
15  3. 
313. 
34  3. 
20  3. 
193. 
263. 
27  3. 


3.  38  3.  30 


40  2. 
63  2. 
74  2. 
85  2. 
76  2. 
712. 
57  2. 
712. 
712. 
662. 
612. 
62  2, 
712. 
79  2. 
962. 
08  2. 
19  3. 
153. 
76  2. 
98  2. 
113. 
30  3. 
33  3. 
18  3. 
17  3. 
24  3. 
26  3. 
3. 


3.  61  3. 
3.  6013. 
2.962. 
2.  81  2. 

97  2. 

05  2. 

00  2. 
2. 85  2. 
2. 92  2. 
2.  78  2. 
2.84  2. 
2.  98  2. 

2.  99  2. 

2.92  2. 
2. 95  2. 

2. 93  2. 

3.  53  2. 
3.  50  3. 
3.  47  3. 


413. 
01,2. 
65  2. 

68  2. 
712. 
75  2. 

69  2. 
72  2. 

67  2. 

68  2. 
72  2. 
77  2. 
77  2. 
67  2. 
ft5  2. 
48  2. 
99  2 
10  3. 
05  2. 


37  3. 
94  2. 
612. 
63  2. 

65  2. 
70  2. 
63  2. 
67  2. 
50  2. 
63  2. 

66  2. 
712. 
69  2. 
58  2. 
57  2. 
46  2. 
89  2. 
05  2. 
99  2. 


192. 
53,2. 
62  2. 
75  2. 
65,2. 

58  2. 
472. 

59  2. 
58  2. 
512. 

49  2. 

50  2. 
58  2. 
67  2. 
86  2. 
95  2. 
09  3. 
05  3. 
66  2. 
86  2. 
00  2. 
193. 
213. 
07  3. 
05  3. 
113. 
14  3. 
213. 
23  3. 
712. 

43  2. 
462. 
50  2. 
512. 

44  2. 
49  2. 

42  2. 

43  2. 

45  2 
48  2. 
48  2. 

37  2. 

38  2. 
33  2. 
84  2. 
84  2. 
75  2. 


152. 
50|2. 
52|2. 
71i2. 
67  2. 
60*2. 
50  2. 
6212. 
5612. 
522. 
44  2. 
47j2. 
5o'2. 
66  2. 
8212. 
90  2. 
061.3. 
00  2. 
03i2. 
80'2. 
96  2. 
1413. 
173. 
02  2. 


96 
57 
77 
90 


01 


2. 


023. 
113. 
18  3. 
203. 
67 '2. 
40  2. 
4412. 
47 '2. 
48i2. 
4112. 
45  2. 
362. 

38  2. 
40  2. 
4412. 

39  2. 

34  2. 
29  2. 
77i2. 
82'2. 
7212. 


14  2.11 
48  2. 47 
47  2.  45 
68  2.67 
65  2.63 
57  2.  55 
47  2.  45 
60  2.58 
55  2.  .52 
50  2. 49 
43  2.40 
46  2.  43 
55  2.  53 
05  2.62 
80  2.78 
88  2.87 
05  3.  02 
99  2. 
612. 
78  2. 
93  2. 
ll.'i.09 
14  3. 12 
99  2.97 
9812.  95 
03  3.  01 
07,3.  04 
14  3.12 
16  3. 14 
63  2.  62 

36  2.  34 

40  2.  37 
43  2.  42 
45  2.  44 

37  2. 
43  2. 

34  2. 

35  2.  34 
37  2.  36 

41  2.  41 
35  2.  40 
30  2.  29 
30  2.  30 
23  2.  26 
76  2.  73 
78  2.  80 
65  2.  6t 


71' 
65| 
62l 
59 

51 


35 
41 
34 


2. 05  1.  05 
2. 44  0.  76 
2. 44  0.  81 
2.  66  0. 71 
2.  62  0.  70 
2.  51  0. 75 

2.38  0.77 
2.  50  0.  76 
2.  46  0.  77 
2. 42  0.  77 
2.360.69 

2.39  0.73 
2. 48  0.  68 
2.  60  0 
2.  75  0 
2.84  0 
3.02  0 
2.  93  0 
2.  56  0. 95 
2.  74  0.  77 

2.  88  0.  54 

3.  07  0.  35 
3.  09  0.  29 
2.  89  0.  38 
2.  81  0.  56 

2.  92  0.  52 

3.  00  0.  46 
3.  05  0.  49 
3. 12  0.  49 
2.  57  0. 93 
2.  28  0.  68 
2.  31  0.  50' 
2.  37  0.  60 

39  0.  661 

31  0.  69i 
36  0.  49, 
23  0.69| 

26  0.52 

27  0.  .57: 

32  0.  661 
31  0.  68! 

20  0.  72! 

21  0.  74! 
09  0.  84 
52  1.01 
67  0.  83] 
35  1. 12: 


Remarks. 


SUtion  106. 


Station  107. 


Station  108. 


Station  109. 


SUtion  110. 


Station  111. 


SUtion  112. 

Blocks  67  to  72,  inclnsive, 
were  tilted  by  gale  April 
23,  1879,  ana  when  re- 
stored to  hori7xmtal  posi> 
tton  were  found  to  be 
above  original  elevation. 

SUtion  113. 


SUtion  114. 


SUtion  115. 


Station  116. 


Average  subsidence  of  95  blocks    0. 65 

Greateat  subsidence.  Station  118-1-59 l.  12i 


*  April  18. 
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1879. 
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§ 
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o^ 

1 
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0 
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1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
84 
35 
36 
37 
88 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
63 
64 
56 
56 
67 
58 
59 


1879. 
May  7 
8 
8 
8 
9 
9 
9 
10 
10 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 
17 
17 
17 
17 
19 
19 
19 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
22 
22 
22 


Ft. 
2.68 
2.79 
2.77 
2.99 
3.21 
2.68 
2.34 
2.16 
2.40 
2.33 
2.42 
2.42 
2.41 
2.35 
2.29 
2.34 
2.44 
2.19 
2.27 
2.14 
1.86 
1.74 
1.76 
1.76 
1.9U 
1.65 
1.67 
1.73 
1.69 
1.92 
1.98 
2.03 
2.07 
2.01 
2.06 
2.04 
1.87 
2.05 
2.26 
2.45 
2.53 
2.52 
2.54 
2.61 
2.50 
2.74 
2.68 
2.52 
2.36 
2.33 
2.42 
2.58 
2.60 
2.66 
2.38 
1.92 
1.85 
2.04 
2.23 


o 
> 


a 

*  . 


a 


c:  a> 


&4         ^ 


Ft 

2.67 
2.77 
2.75 
2.98 
3.19 
2.65 
2.32 
2.12 
2.35 
2.29 
2.39 
2.40 
2.38 
2.31 
2.25 
2.30 
2.40 
2.15 
2.22 
2.11 
1.84 
1.71 
1.74 
1.77 
1.88 
1.63 
1.65 
1.67 
1.61 
1.88 
1.93 
1.98 
2.02 
1.95 
2.01 
1.98 
1.84 
2.02 
2.22 
2.41 
2.49 
2.48 
2.50 
2.58 
2.49 
2.71 
2,67 
2.50 
2.31 
2.28 
2.39 
2.54 
2.64 
2.62 
2.35 
1.88 
1.81 
2.00 
2.19 


Ft, 

2.61 
2.70 
2.68 
2.93 
3.13 
2.59 
2.23 
2.06 
2.27 
2.20 
2.32 
2.32 
2.30 
2.24 
2.18 
2.23 
2.34 
2.  08 
2.15 
2.05 
1.77 
1.65 
1.69 
1.08 
1.82 
1.57 
1.68 
1.59 
1.56 
1.83 
1.89 
1.94 
1.96 
1.88 
1.96 
1.93 
1.83 
1.98 
2.21 
2.38 
2.47 
2.46 
2.49 
2.57 
2.47 
2.69 
2.65 
2.47 
2.27 
2.23 
2.36 
2.52 
2.61 
2.61 
2.32 
1.85 
1.77 
1.95 
2.13 


is 


Ft. 
2.59 
2.75 
2.70 
2.92 
3.10 
2.58 
2.23 
2.16 
2.26 
2.29 
2.30 
2.31 
2.24 
2. 22 
2.16 
2.23 
2.33 
2.07 
2.13 
2.04 
1.80 
1.64 
1.67 
1.76 
1.78 
1.60 
1.59 
1.58 
1.53 
1.81 
1.88 
1.93 
1.95 
1.89 
1.95 
1.92 
1.79 
1.97 
2.17 
2.43 
2.48 
2.47 
2.48 
2.60 
2.57 
2.71 
2.62 
2.53 
2.32 
2.23 
2.34 
2.51 
2.60 
2.59 
2.29 
1.79 
1.74 
1.92 
2.10 


M 


1. 
1. 
1. 
1. 
1. 


Average  anbaidcnce  of  59  blockn  .  . 
Oreatest  aubsldence,  Station  100+50 


2        ** 


Ft 

2.59 
2.74 
2.69 
2.90 
3.07 
2.56 
2.21 
2.16 
2.22 
2.28 
2.28 
2.  30 
2.27 
2.20 
2.15 
2.20 
2.31 
2.04 
2.10 
2.01 
1.77 
1.61 
1.63 
1.72 
1.73 
1.55 
1.55 
1.55 
1.49 
1.77 
1.83 
1.89 
1.90 


85 
93 
90 
78 
95 
2.15 
2.40 
2.46 
2.45 
2.45 
I  2.56 
2.55 
2.69 
2.59 
2.50 
2.30 
2.21 
2.32 
2.48 
2.57 
2.57 
2.27 
1.78 
1.72 
1.01 
i  2.08 


So 


CO 


.2! 


Ft. 
2.57 
2.71 
2.67 
2.87 
3.05 
2.55 
2.20 
2.13 
2.21 
2.26 
2.26 
2.29 
2.27 
2.20 
2.14 
2.18 
2.30 
2.03 
2.08 
1.98 
1.75 
1.60 
1.61 
1.70 
1.73 
1.54 
1.53 
1.53 
1.48 
1.76 
1.82 
1.88 
1.90 
1.85 
1.93 
1.89 
1.77 
1.94 
2.14 
2.39 
2.45 
2.44 
2.43 
2.55 
2.53 
2.67 
2.57 
2.49 
2.28 
2.21 
2.31 
2.47 
2.55 
2.56 
2.25 
1.78 
1.72 
1.87 
2.07 


Ft 

2.54 
2.70 
2.66 
2.89 
2.89 
2.54 
2.17 
2.15 
2.20 
2.24 
2.24 
2.26 
2.24 
2.17 
2.11 
2.15 
2.27 
1.99 
2.05 
1.95 
1.73 
1.57 
1.59 
1.68 
1.68 
1.51 
1.49 
1.51 
1.45 
1.73 
1.79 
1.85 
1.88 
1.81 
1.88 
1.86 
1.73 
1.93 
2.14 
2.38 
2.44 
2.42 
2.43 
2.56 
L'.54 
2.69 
2.58 
2.49 
2.28 
2.21 
2.30 
2.47 
2.54 
2.53 
2.25 
1.79 
1.71 
1.90 
2.07 


s 

9 

'a 
• 
.a 

s 
1 

o 
H 


Ft 
0.14 
0.09 
0.11 
0.10 
0.32 
0.14 
0.17 
0.01 
0.20 
0.09 
0.18 
0.16 
0.17 
0.18 
0.18 
0.19 
0.17 
0.20 
0.22 
0.19 
0.13 
0.17 
0.17 
0.08 
0.12 
0.14 
0.18 
0.22 
0.24 
0.21 
0.19 
0.18 
0.19 
0.20 
0.18 
0.18 
0.14 
0.12 
0.12 
0.07 


0. 
0. 
0. 
0. 


0.06 
0.05 
0.10 
0.U3 
0.08 
0.12 
0.12 
0.11 
0.15 
0.11 
0.13 
0.13 
0.14 
0.14 
0.16 


0.14 
0.32 


09 
10 
11 
05 


Bemarka. 


SUtion  101. 


SUtion  100. 


Station  90. 


Station  98. 


Station  97. 


Station  96. 


Station  96. 


Station  94. 


Station  98. 


Station  92. 


Station  91. 


Station  90. 


Station  88+97. 


3/2.  Bmlding  of  parapet  wall  on  concrete  blockn. — ^This  wall  above  Station  101  -f  82  is 
built  of  rubble  stoue  with  Hurface  roughl.v  dresHed,  aud  laid  iu  mortar  composed  of 
two  parts  of  8and  to  one  of  cement;  it  in  3  feet  in  width*  and  vaiiefl  in  height  from 
2.2  feet  to  2.6  feet,  according  as  the  elevations  of  the  underlying  blocks  require  to  make 
the  upper  surface  of  the  parapet  about  4.5  feet  above  average  flood  tide. 

On  June  30  there  was  2,U37  feet  of  thiM  wall  completed  between  Stations  65  4-  15 
and  101-1-82,  leaving  730  feet  to  be  built  between  Stations  87 -f^  an<l  d4-f  50  to 
complete  this  wall  over  the  concrete  blocks  in  place  above  Station  101  -|-82. 

Below  Station  102  +  I&  this  wall  is  built  of  concrete  (the  same  as  the  foundation 
blocks)  run  into  a  continuous  mold  or  trough  built  on  the  underlying  blocks ;:  it  is 
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Twpleted  to  Station  116  +  33,  thus  forming  one  solid  block  1,418  feet  long,  4  feet 
▼Me,  and  varying  in  thickness  from  3.5  to  4  feet,  according  to  the  elevation  of  the  un- 
Vnliug  blocks.  As  this  wall  was  built  the  spaces  between  the  blocks  were  filled 
Tiih  concrete,  thus  consolidating  this  portion  of  the  work. 

The  ptiints  at  which  levels  were  taken  on  the  concrete  blocks  to  determine  their 
••ftrleaient  coald  not  of  coarse  be  used  or  referred  to  after  the  para^tet  wall  was  bnilt; 
*Bd  p4»int8  were  established  100  feet  apart  on  the  upper  surface  of  the  wall,  and  levels 
ui^en  at  these  )K)ints. 

Vuml>er  of  linear  feet  of  rubble  parapet  built 2,937 

Nr.mlier  of  cubic  yards  of  masonry 783 

Nij(iil»er  of  linear  feet  of  concrete  parapet  built 1 1, 418 

Xumlier  of  cubic  yards  of  concrete  used 777 

Thf  extent  of  the  above  work  is  represented  on  Chart  No.  2,  and  explained  in  a  note 
:lrrw>n. 

Th<^  following  table  gives  the  elevation  and  subsidence  of  the  parapet  wall  at  points 
!•■<  iVet  apart,  from  levels  taken  at  various  dates,  referred  to  the  plane*  of  average 
dirfni  tide : 

T'lbU  giving  elepation  referred  to  average  flood  tide,  and  total  aubaidence  of  parapet  wall. 
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...do.... 
...do.... 
...do  .... 
...do  .... 
...do.... 
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» February . 

l^    do 

l*i    Januarj' . . 
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W do 
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m do 
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05-^90 ,  June 


es 
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4.61 
4.46 
4.58 
4.67 
4.60 
4.60 
4.72 
4.61 
4.64 
4.63 
4.61 
4.67 
4.70 
4.65 
4  70 
4.4tf 
4.40 
4.56 
4.53 
4.59 
4.63 
4.  60 
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.a 
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H 


Remarks. 


4.47 
4.28 
4.53 
4.61 
4.  ."16 
4.53 
4.66 
4.55 
4.50 
4.63 
4.59 
4.65 
4.69 
4.65 
4.70 
4.47 
4.38 
4.55 
4.49 
4.55 
4.38 
4.42 
4.59 
4.60 
4.53 


0.14 
0.18 
0.05 
0.06 

;  0.04 

'  0.07 
0.06 
0.06 
0.05 
0.00 
0.02 
0.02 
0.01 
0.00 

I  0.00 
0.02 
0.02 
0.01 
0.04 
0.04 
0.25 

I  0.18 


Parapet  from  Station  65H-15  to 
Station  87+20,  and  from  Sta- 
tion 94+50  to  Station  101+79, 
is  bailt  of  rabble  stone. 


For  the  intermediate  distance^ 
730  feet;  this  wall  is  in  pro- 
cess of  construction,  but  not 
finished  July  1,1880. 


u 

e» 

§1 
"*    • 

_« 

4.51 
4.35 
4.54 
4.64 
4.51 


I    V 


4.44 

4.20 
4.51 
4.57 
4.50 


0.07 
0.15 
0.03 
0.07 
0.01 


5. 24    I  Cement  parapet  commences  at 

5. 19  ; Station  102+ 15,  and  extends 


5.38 
5.40  > 
5.43 
5.49 
5.36 
5.56  j 
5.76  I 
.5.01 
6.15 
6.22  . 
6.63  ' 
6.81  I 


to  116+33. 
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4^^.  Miacellaneout  work  — On  the  sea  side  of  the  east  Jetty  254  cubic  yards  of  stone 
4iaye  been  placed  between  Stations  112  and  116  as  a  protection  to  the  concrete  blocks 
from  the  undermining  action  of  the  sea,  which  at  some  points  has  caused  the  blocks 
to  tilt  seaward  slightly ,  and  these  blocks  show  the  greatest  depression,  as  will  be  seen 
by  preceding  tables. 

lYom  Station  75  to  80  116  cubic  yards  of  grayel  and  84  cubic  yards  of  stone  have 
been  placed  on  the  river  side  of  the  concrete  blocks  as  a  protection  to  their  foundation, 
and  54  cubic  yards  of  stone  were  used  in  preparing  the  foundation  from  Station  66  to 
77.  Between  Stations  75  and  85  49  cubic  yards  of  macadam  and  44  cubic  yards  of 
gravel  have  been  placed  on  the  river  side  of  the  blocks^  15  cubic  yards  of  macadam 
and  105  cubic  yards  of  gravel  hare  been  placed  on  the  nver  side  between  Stations  66 
and  75 ;  between  Stations  63  and  65  the  surface  of  the  jetty  has  been  covered  by  108 
cubic  yards  of  marl,  which  was  ballast  material  discharged  from  vessels  here.  Between 
the  cribs  at  the  end  of  the  jetty  102  cubic  yards  of  stone  were  placed. 

The  sand  reef  east  of  the  east  jetty  (called  base  line  reef)  is  about  400  feet  further 
landward  than  it  was  February  3, 1879,  nud  it  has  increased  in  area  since  February  13, 
last. 

In  consequence  of  the  movement  of  this  reef,  before  the  concrete  blocks  were  built, 
much  ssfnd  was  thrown  over  the  jetty  into  the  channel,  causing  it  to  shoal  in  that 
vicinity. 

The  present  location  of  this  reef  is  shown  on  Chart  No.  2. 

In  order  to  hold  this  reef  at  its  present  junction  with  the  jetty,  203  cords  of  willows 
weighted  with  35  cubic  yards  of  stone  have  been  placed  as  rejiresented  on  Chart  No.  2. 

(&.)  West  Jeity. 

But  little  work  has  been  done  on  this  jetty  during  the  year  ;  three  spur  cribs  have 
been  placed  on  the  sea  side  at  Stations  112,  114,  andllS,  and  four  on  the  river  side  at 
Stations  110,  111,  111  -f-  80,  and  113.  Two  palmetto  cribs  have  been  placed  near  but 
seaward  of  the  end  of  the  jetty.  The  construction  of  these  cribs  is  the  same  as  de- 
scribed for  the  east  jetty ;  tlieir  location  is  shown  on  Chart  No.  5,  and  their  dimensions, 
&.C.,  are  given  in  the  table  concluding  section  1  east  jetty. 

Above  Station  89,  or  4.820  feet  below  pile  one,  at  which  point  the  concrete  blocks 
terminate,  the  work  of  raising  the  surface  of  this  jetty  was  commenced.  August  27, 
1879,  at  which  time  there  was  considerable  leakage  over  the  jetty  at  this  point.  The 
stone  was  first  removed  along  the  axis  of  the  jetty,  and  placed  temporarily  on  either 
side,  leaving  a  trench  from  5  to  7  feet  wide,  the  bottom  of  which  was  the  upper  surface 
of  the  top  mattress.  This  trench  was  then  filled  with  gravel,  which  was  worked  down 
into  the  mattresses ;  stone  was  then  added  and  the  surface  leveled  off  to  an  elevation 
of  1  foot  above  average  flood  tide.  This  work  has  been  completed  for  a  distance  of 
1,500  feet  above  the  termination  of  the  concrete  blocks,  while  it  has  been  commenced 
and  both  stone  and  gravel  used  over  an  additional  length  of  1,400  feet.  Along  the 
whole  distance  (2,900  feet)  2,678  cubic  yards  of  gravel  and  1,434  cubic  yards  of  stone 
have  been  used. 

On  the  river  side  of  the  concrete  blocks  at  Station  112,  ^52  cubic  yards  of  stone  have 
been  placed  as  a  protection  to  their  foundation  ;  36  cubic  yards  of  macadam  was  also 
placed  along  the  river  side  of  the  blocks  at  different  points  below  Station  102 ;  76 
cubic  yards  of  marl  (ballast  material)  were  placed  on  tne  jetty  near  Station  70;  and 
70  cubic  yards  of  gravel  placed  on  the  river  side  of  the  concrete  blocks  from  Station 
99  to  101. 

The  concrete  blocks  on  this  jetty  show  no  serious  displacement,  as  will  be  seen  by 
reference  to  the  tables  concluding  section  2,  east  jetty. 

The  sand  reef  west  of  the  west  jetty,  shown  ou  Chart  No.  2,  terminated  300  feet  from 
the  jetty,  at  Station  89,  on  January  19.  This  reef  was  connected  with  the  jetty  by  a 
.ayer  of  loose  willows,  weighted  with  stone.  Since  then  more  willows  and  stone  have 
been  added,  making  the  total  quantity  of  material  used  280  cords  of  willows  and  92 
cubic  yards  of  stone.  This  connection  was  made  in  order  to  induce  reef  formation, 
and  to  obstruct  a  current  on  the  sea  side  of  the  jetty,  caused  by  water  flowing  over 
the  jetty  and  through  Kipp  Dam. 

Dam  at  Picayune  Bayou.  —The  dam  across  this  bayou,  which  is  about  three-fifthsof 

mile  above  South  Pass  light-house,  has  been  strengthened  by  the  addition  of  34  cords 
of  willows. 

Additional  plant. — At  times  during  the  year  when,  on  account  of  wind  from  a  south- 
erly or  southeasterly  direction,  it  was  necessary  to  discontinue  work  on  the  jetties, 
the  force  was  employed  in  distributing  ballast  which  had  been  discharged  from  ves- 
sels, repairing  wharves,  walks,  buildings,  &c. 

The  wharf  in  front  of  the  hot«l  has  been  entirely  rebuilt  and  considerably  enlarged. 
It  is  now  133  feet  long  and  38  feet  wide.  A  new  slaughter-house,  30  feet  long  and  25 
feet  wide,  has  been  built  on  the  west  shore  of  the  pass  opposite  East  Point ;  also  a 


L 
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'«ml<liiig  24  feet  long  and  20  feet  wide  on  the  wharf  at  East  Point,  to  serve  as  quarters 
fbr  the  crew  of  the  dredge-boat  Bay  ley. 

Bepairs  have  been  made  to  two  dwelling-honses,  and  three  houses,  together  with 
the  hotel,  have  been  repainted. 

EXAMINATIONS  AND  8URVBY8. 

EhirinK  the  year  the  work  constituted  under  this  hea<l  has  been  as  follows : 
Pt-riodical  surveys,  to  determine  whether  a  channel  of  required  dimensions  was 
EiiAintained  through  the  jetties  and  at  the  head  of  South  Pass ;  sediment  and  velocity 
'vbHervatioDs ;  discharge  observations,  including  the  three  passes ;  observations  to 
d«>c**Tmine  the  slope  of  South  Pass ;  tidal  obseifvations ;  levels  on  concrete  blocks,  &.O.. 
together  with  more  extended  surveys,  charts  of  which  accompany  this  report,  and 
odace  work  required  for  the  reduction  and  plotting  of  the  whole. 

Ut  the  Head  of  Pombcb, — I  have  extended  the  survey  at  this  point  further  up  stream 
Than  it  lias  been  extended  since  before  the  inauguration  of  the  works  of  improvement, 
>n  orrler  to  ascertain  the  available  channel  depth  from  the  main  river  iuto  South  Pass, 
ftcd.  to  make  a  comparison  with  a  similar  survey  made  in  June,  187.5,  by  the  officers  of 
the  Coast  Snrvey.  and  thus  to  note  the  changes  produced  by  the  works  here  after  a 
'^p0e  of  live  years.  The  chart  of  this  snrvey  is  No.  4.  Without  entering  into  a  long 
4ad  redions  romparison  to  deter:  ine  the  areas  and  amounts  of  scour  and  fill,  I  will 
eDd«?avor  to  present  graphically  the  results  of  my  determinations,  so  that  at  a  glance 
AD  idea  may  be  formed  of  the  changes  in  the  channels  during  the  period  uuder  consid- 
eration. 

On  Chart-  No.  5  are  given  comparative  cross-sections  IJ  and  G  H,  taken  respectively 
«r^i  and  2, 120  feet  above  Upper  Dam ;  the  extremities  of  the  lines  denoting  the  locatiok 
i'f  rliese  sectionH  are  noted  on  Chart  No.  4  by  letters  corresponding  to  those  on  the 
^^ric^na.  Profiles  of  lines  A  B,  C  D,  and  £  F,  Chart  No.  4,  are  also  given  on  Chart 
>''>.  5.  Xliese  t»ections  aod  profiles  are  formed  i'rom  Coast  Survey  soundings  made  June, 
]-cr>,  and  8oandin|i:s  made  by  United  States  engineers  in  June,  1880.  From  an  inspec- 
'ion  of  f  liem  it  will  be  seen  that  bnt  little  change  ha-s  taken  place  in  Southwest  Pass ; 
a  !ib«»alio|^  is  indicated  below  the  mattress-sill  in  the  location  at  which  the  profile  is 
*.«kezi9  thon^h  on  the  whole  there  has  been  a  slight  deepening  below  this  sill.  North- 
^^g%  Paea  shovrs  a  quite  uniform  deepening,  while  South  Paf<s  has  greatly  increased  in 
•ieptli.  Xlie  deepening  in  South  Pass  above  a  cluster,  which  was  theshoalest  portion 
■'3  April  lly  lb79,  has  been  very  rapid  since  that  date,  and  also  since  December  2, 
:*CV.  aa  'will  be  seen  from  an  inspection  of  the  profiles  made  from  soundings  taken  on 
'h<^  datos.  At  the  location  where,  on  July  10,  1879,  there  was  a  channel  26  feet 
tmtp  and  &0  feet  wide,  there  now  exists  (June  7,  1880)  a  30-foot  channel  400  feet  wide. 

On  •Fane  7  there  was  a  channel  from  the  main  river  into  South  Pass,  having  a  depth 
f  :^  feet  and  width  300  feet,  with  a  central  navigable  depth  of  28.8  feet. 

The  decrease  in  area  of  section  I  J  is  evident  from  inspection,  while  the  influence  of 
"pper  I>aTii  extends  as  far  up  as  section  O  H,  which  has  also  decreased  in  area  about 
^475  HQuai^  feet  during  five  years.  The  eft'ect  of  Upper  Dam  on  the  improvement  of 
'Le  cfaaonel  from  the  nver  into  the  pass  may  be  traced  to  about  1,000  feet  above  it. 

The  sarvey  of  South  Pass  was  continued  to  the  head  of  Goat  Island  in  order  to  as- 
r>rtain  t  lie  depth  over  the  shoal  area  about  \^  miles  below  the  head  of  the  pass.  This 
^r«'ey  ia  Hhown  on  Chart  No.  4.  The  area  in  question  has  increased  in  depth  so  that 
.u  Jnoe  3  the  least  depth  was  25.6  feet,  where  but  24  feet  existed  one  year  ago.  This 
fri'rriou  of  the  pass  was  alone  surveyed  at  this  time,  as  it  contained  the  only  shoal 
•F^^  in  tbe  paivi  liable  to  require  deepeniug  in  order  that  a  26-foot  channel  may  exist 
liiroiii^h  tlie  pass  itself.  A  survey  of  the  whole  pass  will  be  made  when  the  river 
r^a4-fa4^  itM  low  stage,  as  such  a  survey  only  can  be  comparable  with  previous  surveys, 
.1]  of  'wbi'^li  vrere  made  during  low  river. 

IHMchaTffe  and  slope  observations. — When  practicable,  discharge  observations  in  the 
Lrve  naanes  are  made  each  month  at  the  time  when  the  moon  is  at  its  zero  declination ; 
:  r>fl«rn  ocg nrs,  however,  that  these  days  are  too  stormy  for  field  work,  and  conse- 

.Qtlv  tliese  observations  cannot  be  made  so  frequently  as  desired. 


^^  llO  oo  the  jetties  below,  whose  zeros  correspond  with  the  reading  at  average  flood 

"  ti^  oo  the  gauge  at  South  Pass  light-house,  and  were  established  by  levels  referred 

-  thia   plane.     Two  series  of  readings  were  taken  each  day  th.at  observations  were 

^^    ex.cept  on  June  27,  when  only  one  series  was  taken.    The  results  of  these  ob- 

^^-rations  ^'^  given  in  full,  both  graphically  and  in  tabular  form,  on  Chart  No.  5. 
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lulta  of  Bimultaneoiia  dinchBTge  obseTvationa  in  the 

Table  giring  Tceulln  of  simultaneous  ditcharge  obaerrationg. 

Dl-,b.wtocabicfe*tper««™d.        '  ^^r^  "-  '  ^3 

Is         .      X         I  !    i      I      I  S      I  ^=  K*tB«k«. 

■    2       iis     Is  I  =E 


«  rising  .UgbUy. 


1^ 

« 

71,  -JM.  8 

6i.sai.B 

125.  ses 

1  245,501,2 

1  mWu.! 

itR,«aa 

2W.B22,( 

Dec.   18 

3T.BS3.fi 

,  166.BB4.1 

'   167.822.* 

Jul    so 

1  69, 181. 2 

j  2B1,  IS2. 9 

2W.«W,< 

Apr.  21 

lg.410.* 

327.»lfl.2 

367.  IBB.  ( 

Me«i- 

t 


BiTPT   RUUoDUf ,   Up 


Tie  channel  through  the  jtttiea. — In  Appenilii  A  are  Riven  copies  of  the  certiftcatte  of 
United  States  £ntr)nf«r  OfflrerB  in  charae  of  tlie  iiiBpectiim  of  the  works  of  iniprovc- 
mentg,  aurve.vx,  &,v.,  during  the  year;  tiiuy  nerve  to  ehovr  the  coudilion  of  the  cnanuul 
during  the  k'*"'*"'  portion  of  tlie  year. 

At  a  point  1,000  feet  below  East  Point  the  36-foot  cliannel,  vhich  is  now  300  fvet 
wide,  deereawil  iu  widtb  alwiit  tiO  fiet  since  June  II,  11^9 ;  otherwiae,  the  channel  im- 
DTOvemeiit  ba«  been  very  uiarkf d  during  the  .vear,  an  will  l>e  seen  by  uouipafing  Chart 
No.  'i  with  the  cliart  nf  a  corretiiiundiug  nnmber  in  (he  last  aQnual  reiH>rt. 

Tbeleast  depth  through  the  Jetties  at  present  is  :lt  feet,  and  the  least  width  of  iho 
3u-foot  channel  in  40  feet ;  thia  width  exiats  at  points  between  1,000  and  9,000  fi-et  1)e- 
low  Eant  Point,  and  between  the  shoal  areas  lieyood  the  ends  of  the  jetties  the  least 
width  of  this  channel  is  70  feet. 

Below  a.  iioiut  1!,6D0  feet  from  Bast  Point  the  leant  width  of  the  30-foot  channel  i* 
120  feet,  except  between  the  areas  abnve  riiferretl  to. 

By  an  inspection  of  Chart  No,  -J,  and  a  coniimrisou  with  previous  charts,  the  chnn- 
nel  improveuiuut  below  {Station  fS  +  15)  where  the  concrete  work  commenci's  on 
the  east,  jetly  is  very  evident.  This  impmvemext  if  due  to  the  bailding  np  of  thin 
jetty  B8  indicated  on  Chart  No.  ti(Hecnnti' thereon),  and  thus  confining  a  large  voliune 
of  water  which  previously  escaped  over  it. 

The  30-foot  channel  nearthe  end  of  the  jollies,  which  was  very  narrow  on  May  93, 
and  was  niaintaiued  during  the  vearliy  cousiderable  dreilging,  hsH increased  in  wiilth 
since  that  date,  so  that  <in  July  1  it  was  b:M)  feet  wide  in  itn  narrowest  place.  This  r"pid 
iuipnivenieut  was,  no  doubt,  eause<l  by  the  building  of  the  last  140  feet  of  concrete 
blocks. 

The  depth  of  water  east  of  the  east  jettr  and  west  of  the  west  jetty  has  increased 
below  the  sand  reefs,  while  above  them  it  has  shoaled  so  that  it  is  less  than  1  fool  at 
average  flood  tide. 

The  following  table  gives  the  miiiimum  dei)thH  of  the  <'hanDel  from  East  Point  duwn- 
wanls,  in  lengths  of  2,000  feet,  at  various  dates,  and  serves  to  show  the  channel  im- 
provement. : 
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Table  showing  depths  through  the  jetties  at  various  dates. 


1 

BistADce  in  feet  from  East  Point 

Dftto. 

0  to 
3,000. 

2,000  to 
4,000. 

18.7 

20.3 
10.6 
20.3 

21.1 

4,000  to 
6,000. 

6, 000  to     8, 000  to 
8, 000.        10, 000. 

10, 000  to 
12,000. 

U75. 
Jose 

1S7«. 
)f«r 

22.5 

23.3 
28.5 
22.0 

24.1 

16l7 

22.0 
21.0 
2L1 

28.2 

10.2 

2L0 
23.5 
21.2 

22.0 

0.7 

17.1 
23.0 
21.1 

2L2 

9.3 
15.0 

Aa^iMt 

19.8 

Xffvcmlwr 

20.3 

18T7. 
ICiichie 

20.5 

Aoril  3 

21.3 

iwiia.... 1 

20.5 

Mat  10 

.       .  •  • 

22.1 

21.4 

19.5 

MftwM 

17.8 

;aM28 

18.0 

JkItI 

24.9 

24.0 

23.5 

JalT? 

23.8 

JTjf  8 

26.0 

JalVft 

1 

20.3 

AiffDStM 

20.8 

^ntembertB 

2a7 

'ictoberSS 

24.4 

VtoberSl -  ' 

21.0 

lovcmbcrS 

2&3 

2a5 



XvTflBibrr  1> 

24.2 

1 

21.3 

beeeBber  7 



* 

23.6  " 


DM«nber  14 

23.7 

1878. 

JtBUMTY  1 

1                      -  -  '^ 

23.0 

ffhnmrj  t 

22.8 

Xmh  4    r  T . . . . 

23.2 

Vareh  1?  . .         

20.5 

Mu^hM 

28.0 

25.9 

ifarrh  K  . ....... 

85.6 

MiTRhM 

25.4 

Xirah  17 

24.3 

AMil3 

23.0 

i2yv ::::::::;::;:::::!!!:;:::;::::;;: 

23.2 

]|.»2S        

22.3 

Jmf 

22.2 

■'•■I*  1* 

22.0 

/bItS 

21.9 

Dt^ieaabcT  2 

2&4 

26w4 

35.7 

OMM^ber  3 * 

27.1 

25.3 

Ucfr<9ib«r6 

23.0 

DfeMnber  38 

23.0 

1879. 
-'•■■■Fy  30 

28.9 

FtlirmrT  13  .... . 

22.2 

M«rb  14 

24.8 

Harrk  19    

28.6 

27.5 

48.4 

KanHb  34 

27.0 

27.0 

■ 

27.0 

AarilS     

27.0 

Mat  13    

26l5 

^•j  **"  ..,...-..-«••••••.•.■•..••.••.••• 

Jn*  11 

27.6 

* 

47.7 

29.2 

*29.2"* 

/bw14 

28.0 

28.4 
80.7 

Jotwg      

80.5 

31.0 

80.7 

80.5 

Aaraaft  IS ,,,,-,.--,„,,. 

29.0 

"^Ii4tm1wr  ff  .....T -F ,,^,.,^^, 

31.0 

80.5 

Xorember  6  ..-..- •-.. 

• 

80.5 

^Wtmbftr  3 

8L0 

31.0 

48.3 

December  4 

8L7 

3L8 

30.8 

1880. 

J>A^1irT8        ..,--r rr 

8L1 

'f Wwarr  4 

31.8 

32.0 

*«WiMrv  7 

8L1 

'tbrnmrlO 

80.9 

X«n-b5. 

iLe'"* 

31.6 

30.6 

72  £ 
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Table  showing  depth$  through  ih^jettiei,  ^-e. — Continued. 


DaU. 

1880. 

Bistonce  in  feot  from  East  Point. 

0  to 
2,000. 

2,000  to 
4,000. 

4,000  to 
6,000. 

(1,000  to 
8.000. 

8,000  to 
10.000. 

10, 000  to 
12,000. 

Anriie 

81.8 
82.1 

8L0 
88.3 

80.5 

M»v  3 

33.0 
8L0 

■*82.'5*"' 

3L4 

Tan©  29 .-, - 

Jane  80.... 

47.8 

81.4 

36.  i 

July  • 

82.0 

Surveif  heyond  the  eiuU  of  the  jetties. — ^The  survey  of  the  fan-shaped  area,  containinfi^ 
about  H  square  miles,  Just  seaward  of  the  ends  of  the  Jetties  was  made  in  June,  ana 
is  given  on  Chart  No.  3.  The  sonndinss  on  this  chart  have  been  compared  with  those 
taken  in  July,  1879,  and  the  scour  or  nil  in  each  subdivision  determined.  The  final 
result  shows  a  mean  scour  over  the  whole  area  of  0.12  of  a  foot,  a  result  so  insiffnificant 
that  we  may  well  consider  that  there  has  been  no  chaoffe  in  this  area  during  uie  year. 
The  areas  which  show  a  shoaling  are  2, 3,  and  9,  and  all  of  those  in  the  first  tier  nearest 
the  ends  of  the  Jetties,  viz,  13, 14, 15, 16,  17,  18, 19,  20,  and  21. 

Why  there  has  been  so  htUe  change  over  this  area  as  compared  with  previoos  yean 
may,  I  think,  be  accounted  for  by  the  building  up  of  the  east  jetty,  which  confined 
the  water  and  maintained  the  strong  current  created  by  the  recent  high  river,  and 
thus  carried  the  sediment  beyond  the  limits  of  the  survey. 

The  following  table  gives  the  comparisons  at  different  dates  in  detail  of  the  quan- 
tities of  water  m  21  subdivisions  of  a  fan-shaped  area  containing  about  I^  square  miles 
immediately  seaward  of  the  ends  of  the  jetties : 
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Tbe  movement  of  the  vfuriouB  curves  of  eqnal  depth  have  been  determined  by  com- 
paring those  of  July,  1879,  with  those  of  June,  1860,  by  measuring  ordinates  50  feet 
apart  at  right  angles  with  a  common  base ;  the  mean  ordinate  of  each  curve  on  the 
two  charts  under  consideration  is  obtained,  and  their  difference  is  the  advance  or 
recession  of  the  curve. 

The  following  table  gives  the  movement  of  curves  from  July,  1879,  to  June,  1880: 


Designation  of  curve. 

20^ 
95 

30' 

40" 
223 

"33 

60' 

70' 

80' 

1 
W    1  100' 

1 

A«1viinr.Ai1  HAawiinl.  in  fppt 

18 

96 

... i 

B60«ded  landward,  in  feet 

26 

■•■  7 

65  1      13» 

...... 

••■••• 



I  wish  to  acknowledge  the  service  of  Assistant  Engineer  Thomas  L.  Raymond,  who 
has  rendered  valuable  assistance  during  the  year  by  close  application  to  uuty  and  the 
accuracy  of  his  work.  Mr.  G.  W.  Lawes  has  also  rendered  valuable  assistance,  espe- 
cially as  a  draughtsman. 

Very  respectfully,  your  obedient  servant, 

C.  Donovan, 
Ataistant  Engineer, 
Capt.  W.  H.  Heukr, 

Corps  of  Engineers, 


A. 

The  following  are  copies  of  certificates  regardini^  the  maintenance  of  channel  at 
the  mouth  and  head  of  Scmth  Paas  of  the  Mississippi  River,  which  were  forwarded  to 
the  Hon.  Secretary  of  War,  through  the  Chief  of  Engineers,  by  the  United  Stat.es 
Engineer  Officers  in  charge  of  the  inspection  of  the  works  of  improvement  during  the 
year. 

CERTIFICATE  OF  THE  UNITED  STATES  ENGINEER  INSPECTING  OFFICER  OF  THE  FIRST 
quarter's  maintenance  (IN  1879),  BY  JAMES  B.  EADS,  OF  THE  26  AND  30  FOOT  CHAN- 
NELS AT  THE  MOUTH  OF  SOUTH  PASS,  MISSISSIPPI  RIVER,  DESIGNATED  BT  THE  SEVERAL 
ACTS  OF  CONGRESS. 

Lawrence,  Mass.,  Xovemher  18, 1879. 

I  certify  that  hetween  the  dates  of  July  8, 1879,  and  October  30,  1879,  Mr.  James  B. 
Eads  maintained  a  channel  for  three  months  through  the  jetties  at  the  month  of  South 
Pass,  Mississippi  River,  26  feet  in  depth  and  not  less  than  200  feet  in  width  at  the 
bottom,  and  having  through  it  a  central  depth  of  30  feet  without  regard  to  width. 

During  the  aforesaid  interval  of  time  there  were  22  days  when  a  failure  occurred 
in  some  part  to  maintain  intact  such  a  channel.  This  failure  was  on  the  l4th,  15tb, 
16th,  and  17th  of  August,  for  the  first  period ;  from  August  27  to  September  11,  inclu- 
sive, for  the  second  period ;  and  from  October  23  to  the  25th,  two  days,  for  the  third 
period. 

During  the  whole  of  the  interval  from  July  8  to  October  30  a  freely  navigable  chan- 
nel, having  a  greater  depth  than  26  feet,  has  been  maintained  at  the  head  of  South 
Pass. 

The  minimum  condition  to  which  the  channel  deteriorated  fh>m  the  14th  to  the  17th 
of  August,  1879,  inclusive,  and  from  the  27th  of  August  to  September  11,  inclusive, 
and  for  tbe  two  days  from  October  23  to  25,  are  indicated  in  the  following  statements, 
applying  to  the  mouth  of  South  Pass. 

Jugust  14. — Opposite  Station  20  the  30-foot  channel  was  lacking  for  about  125  feet 
in  length,  and  the  least  depth  of  water  in  the  beet  channel  was  ^.5  feet. 

Aujaust  15. — On  the  bar  just  inside  the  last  wing-dam  the  30-foot  channel  was  lack- 
ing for  aboat  90  feet  in  length,  and  27.8  feet  or  28  feet  were  indicat>ed  aa  present, 
although  a  sounding  was  lacking  in  the  place  needed  to  show  a  continnous  line  oi 
that  depth  available  for  navigation. 

In  the  same  vicinity  and  at  the  same  date  the  26-foot  channel  was  deficient  in 
width  for  about  210  feet  in  length,  its  least  width  being  about  155  feet. 

August  27. — The  30-foot  channel  near  Station  74  was  lacking  for  aboat  130  feet  in 
length ;  the  least  depth  in  the  deepest  channel  was  about  28.8  feet. 

August  28.->At  the  same  place  the  30-foot  channel  had  closed  up,  bo  that  it  wa^ 
lacking  for  only  30  feet,  and  29.5  feet  was  found  in  the  deficient  interval. 

August  28. — Just  above  the  upper  wing-dam,  near  Station  10,  the  30-foot  channel 
was  lacking  for  about  500  feet  in  length,  and  S8.7  feot  was  found  as  the  least  deptl 
in  the  intervals  for  the  deepest  channel. 
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Awgntt  29.~.Betw6eu  near  Stations  10  and  20,  for  800  or  900  feet  in  length,  the  26-foot 
<binnel  was  less  than  200  feet  wide,  its  least  width  being  about  150  feet. 

Sefiemher  4. — ^Near  Station  10  the  30-foot  channel  was  lacking  for  about  750  feet,  and 
about  29  feet  was  the  greatest  depth  fonnd. 

October  23. — ^The  26-foot  channel  was  deficient  in  width  opposite  Station  28  for 
iboQt  200  feet  in  length,  its  least  width  being  about  180  feet. 

I  certify  that  the  aoove  statements  present  truly  the  results  of  official  surveys  made 
at  Sooth  Pass,  Mississippi  River. 

M.  R.  Brown, 
Captain  of  Efigineersy  27.  if.  A, 


CERTIFICATK  OF  THE  UNITED  STATES  ENGINEER  INSPECTING  OFFICER  OF  THE  SECOND 
(^CARTKE^S  MAINTENANCE  (IN  1879  AND  1880),  BY  JAMES  B.  EADS,  OF  THE  26  AND  30 
FOOT  CHANNELS  AT  THE  MOUTH  OF  SOUTH  PASS,  MISSISSIPPI  RIVER,  AS  DBSIONATBD 
BY  THE  SEVERAL  ACTS  OF  CONGRESS  AUTHORIZING  AND  PERTAINING  TO  THIS  IM- 
PKOVEMRNT. 

Lawrence,  Mass.,  February  16,  1880. 

I  certify  that,  between  the  dat«s  October  30,  1879,  and  February  15,  1880,  both 
^tes  ioclnsive,  Mr.  James  B.  Eads  maintained  a  channel  for  three  months  ''through 
tbf  jetties"  at  the  mouth  of  South  Pass,  Mississippi  River,  ''26  feet  in  depth  and  not 
I<^than  200  feet  in  width  at  the  bottom/'  and  naving  through  it  *'a  central  depth 
•>f  30  feet  without  regard  to  width." 

During  the  aforesaid  interval  of  time  there  were  seventeen  days  when  a  failure 
«varred  in  some  part  to  maintain  such  a  channel. 

This  failure  was  firom  November  3  to  the  15th,  both  dates  inclusive,  according  to 
<>fficisl  sunreys  made  on  November  3  and  again  on  November  16.  But  on  November 
ID  the  channel  was  claimed  as  restored,  although  stormy  weather  prevented  the  veri- 
&^ation  of  this  claim  until  November  16. 

Failure  also  occurred  in  some  part  and  degree  from  the  21st  to  the  24th  of  November, 
l«th  dates  inclusive. 

During  the  whole  of  the  interval  from  October  30,  1879,  to  February  15,  1880,  both 
<Ute8  inclusive,  a  freely  navigable  channel,  having  a  greater  depth  than  26  feet,  has 
Wn  maintained  at  the  head  of  South  Pass. 

The  minimum  conditions  to  which  the  channel  deteriorated  from  the  3d  to  the  15th 
«f  Noyember,  indnsive,  and  from  the  21st  to  the  24th  of  November,  inclusive,  are  indi- 
cated in  the  following  statement  applying  to  the  mouth  of  South  Pass: 

KoTember  3,  1879,  within  but  near  the  ends  of  the  Jetties,  the  30-foot  channel  was 
lacking  for  about  300  feet  in  length  and  the  least  depth  of  water  in  the  best  channel 
tbrongii  the  shoal  portion  was  2^.8  feet.  The  30-foot  channel  was  restored  in  this 
^\ity  after  6^  hours  of  dredging,  according  to  a  survey  on  November  4.  In  the  same 
nciuity,  but  nearer  the  ends  of  the  jetties,  the  26-foot  channel  was,  on  November  3, 
found  to  he  deficient  in  width  for  a  length  of  250  feet :  instead  of  having  the  required 
^dth  of  200  feet,  the  minimum  width  was  158  feet.  The  dredge-boat  worked  on  this 
fhoaling  until  November  10,  and  it  was  then  reported  for  survey  by  Mr.  Eads's  repre- 
«<^ntative  as  restored  to  the  normal  width ;  but  on  account  of  stormy  weather  a  survey 
<^Dld  not  be  made  until  November  16,  and  then  the  above  designat<ed  channel  was 
owtored  toits  proper  width,  the  dredge-boat  having  worked  in  restoring  it  1^  hours. 

November  6,  between  Stations  70  and  110,  the  26-ioot  channel  was  deficient  in  width 
>n  liye  places,  aggregating  about  1,200  feet  in  len^^th.  The  least  width  was  165  feet. 
Portions  on  these  deficient  stretches  were  successively  restored  to  the  proper  depth, 
Mcording  to  surveys  made  November  7, 10,  and  16,  after  dredging  had  been  prosecuted 
^  hoars. 

Kovember  6  the  30-foot  channel  was  interrupted  in  three  places,  aggregating  160 
>eet  in  length,  and  the  least  depth  in  any  of  these  shoal  portions,  in  the  deepest 
<'bannel  found,  was  29.5  feet. 

The  deficiencies  were  easily  removed  while  dredging  to  restore  the  deterioration  in 
the  width  of  the  26-foot  channel,  just  above  noted. 

Xorember  21,  between  stations  70  and  100,  the  26-foot  channel  was  deficient  in  width 
iQ  three  places,  aggregating  335  feet  in  length,  and  the  least  width  here  was  163  feet 

AIho,  on  November  21,  between  Stations  75  and  101.  the  30-foot  channel  was  inter* 
ropted  in  four  places,  ajggregating  in  length  about  420  feet,  and  the  least  depth  where 
^0^  deficiency  existed,  m  the  deepest  channel,  was  29.1  feet. 

These  deficiencies  in  the  26  and  30  feet  channels  were  found  all  restored  by  the  survey 
vQdini^  November  25,  after  37^  hours  of  dredging,  which  included  the  time  spent  in 
4iredging  still  another  area  where,  on  November  24,  the  30-foot  channel  was  wanting 
^^  two  places,  aggregating  about  125  feet  in  length,  and  where  the  least  depth  in  the 
4'«pe«t  water  was  28.8  feet. 

Between  November  3,  when  the  first  deficiency  in  the  second  quarter's  maintenancd 
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was  disGoyered,  and  November  10,  when  Mr.  Eads's  representative  reported  tbia  de- 
ftoiency  removed,  the  dredge  Bay  ley  worked  Hlf  hours,  on  seven  days,  and  during 
the  stormy  weather  whioh  prevented  a  survey,  from  November  10  to  November  16,  tbe 
dredge  worked  24  hours  in  all,  on  the  13th,  14th,  15th,  and  16th  of  November. 

Altogether  the  dredee  Bay  ley  worked  in  maiutainiuff  and  restoring  the  channel  142| 
hours  in  November,  53  hours  in  December,  4  hours  in  «ninuary,  and  up  to  February  lU, 
inclusive,  23  hours  in  this  month  of  February. 

Accompanying  this  certificate  are  charts  which  present  the  condition  of  the  channel 
at  the  times  ana  in  those  places  where  a  deficiency  existed,  marked  No.  2,  No.  3,  No. 
4»  No.  5j  and  No.  6,  respeotively. 

I  certify  that  the  above  statements  present  tnily  the  results  of  official  Bur\'eys  made 
at  South  Pass,  Mississippi  River. 

M.  R.  Bkown, 
Capinin  Engineer$, 
U.  S.  Engineer  Inspector  of  South  Pass  Jetties  Imprwement. 


united  states  inspecting  officer's  certificate  for  maintenance  of  channel 
at  south  pass  of  the  mississippi  river,  as  designated  by  an  act  of  congukss 
approved  march  3,  1)^9. 

United  States  Engineer  Office, 

Port  Eads,  La.,  Ma^  9,  1880. 

I  certify  that  between  the  dates  of  February  10,  1860,  and  May  9,  1880,  both  dates 
inclusivey  Mr.  James  B.  Eads  maintained  '*a  channel  through  the  Jetties"  at  the  mouth 
of  Soath  Pass  of  the  Mississippi  River  "twenty-six  feet  in  depth,  not  less  than  two 
hundred  feet  in  width  at  the  bottom,  and  having  through  it  a  central  depth  of  thirty 
liset  without  regard  to  width." 

W.  H.  Heuer, 

Vuptaw  Engineer*. 


United  States  Engineer  Office, 

Port  Eads,  La,,  Majf  14,  W80. 

I  oertify  that  between  the  dates  of  Felwuary  10,  1880,  and  May  9,  1880,  both  date» 
inclusive,  a  navigable  channel,  having  a  greater  depth  than  26  feet  at  average  flood 
tide,  was  maintained  at  the  head  of  South  Pass,  Mississippi  River. 

W.  H.  Beder, 
Captain  of  Engineen, 


financial  statement. 

Amount  available  from  appropriations  for  examinations  aud  snr> 

veys  at  South  Pass  of  the  if tssissippi  River  June  18,  1880 f7, 528  38 

Amount  appropriated  by  act  approved  June  14,  1880 .^..  30,000  00 

$37,588  ^ 

Amount  expended  from  June  18  to  June  30,  18b0 2,372  10 

Amount  available  July  1, 1880 25,156  22 

Amount  available  July  1, 1879 28,825  37 

Amount  appropriated  by  <^<^  of  *^UQ®  H  ^^^  20,000  00 

48, 825  37 

Amount  expended  during  the  fiscal  year  ending  Juue  30, 1880, 
as  follows :  As  per  accounts  of  Oapt.  M.  R.  mown  from  July 
1,  1879,  to  April  9,  1880 17,947  68 

As  per  accounts  of  Capt.  D.  W.  Lockwood  from  April  9,  1880, 
to  June  18,  1880 2,798  84 

As  per  accounts  of  Capt.  W.  H.  Heuer  from  June  18  to  June 
3(^1880 2,372  16 

Amount  allotted  ''Mr.  James  Eveleth,  Agent  Engineer  Depart- 
ment,**  Washington,  D.  C,  "to  pay  clerk  employed  by  direc- 
tion of  the  honorable  Secretary  of  War,  at  tne  War  Depart- 
ment, to  June  30, 1880,  at  the  rate  of  f  1,000  per  annum.  (See 
letter  of  December  17,  1879,  from  Chief  of  Engineers) 557  07 

23,660  15 

Amount  available  July  1, 1880 25,156  22 
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CmXATK  OF  FUNDS  REQUIRED  FOR  EXAMINATIONS  AND  SURVEYS  AT  SOUTH  PAS8  OF 
TH£  MISSISSIPPI  RIVER  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1882. 

Two  assistant  engineers $4,000  00 

rwosieam  engineers 2,400  00 

Ten  seamen 7,800  00 

Rentof  officers'  quarters 43S  00 

Rent  of  aasistant  engineers'  quarters 240  00 

Milease  &nd  traveling  expenses 600  00 

Fuel  for  steam  launoKes 1,000  00 

Repairs  to  launches  and  boats 1,500  00 

Materials  and  supplies  for  launches •• 500  00 

Stationery  and  supplies  for  office 400  00 

fYeieht,  telegrams,  express  charges,  ^c, 300  00 

Contingencies 1,000  00 

Total 20,072  00 

W.  H.  Heusr, 
Captain  of  Engineers,  U,  8.  A, 
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D[PSOVEM£NT  OF  THE  HABBOB  OF  NEW  OBLEANS;  OF  PEABL  BIVEB^ 
mSSISSIFPI ;  OF  TANGIPAHOA,  AMITE,  AND  YEBMILLION  BIYEBS, 
ANB  BATOUS  TEBBEBONNE,  TECHE,  GOUBTABLEAU,  AND  LAFOUBOHE, 
LOl^IANA;  AND  OF  SABINE  PASS,  TEXAS. 


rkfort  op  major  c.  h\  howell,  corps  of  eyoixeers,  officer  ix 
cffaroe,  for  the  fiscal  tear  ending  june  30,  1880,  with  other 
doccmexts  relating  to  the  works, 

United  States  Engineeb  Office, 

New  Orleansy  La.y  July  20, 1880. 

Genebal.  :  I  have  the  honor  to  forward  herewith  the  annual  report 
for  the  fiscal  year  endiug  June  30, 1880,  of  the  various  works  of  river 
and  harbor  improvements  under  my  charge. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 


Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineers^  i\  S.  A. 


Major  of  Engineers. 


M  I. 

IMPBOVEMENT  of  HABBOB  at  new  OBLEANS,  LOUISIANA. 

HISTOBY. 

This  work  origiuat<ed  fi*om  a  survey  made  in  the  winter  of  1877  and 
1878,  under  the  direction  of  a  Board  of  Engineers,  convened  at  the  re- 
quest of  the  city  authorities  of  New  Orleans,  to  consider  plans  for  the 
protection  of  the  harbor  front  of  Kew  Orleans  from  the  effects  of  caving 
banks  of  the  Mississippi  along  that  front.  (See  Report  of  the  Chief  of 
Engineers,  1878,  volume  I,  Appendix  J  10.) 

The  United  States  assumed  charge.of  the  work  in  1878,  and  an  appro- 
priation of  $50,000  was  made  for  its  commencement. 

Under  this  appropriation  work  was  begun  and  continued  by  hire  of 
labor  and  purchase  in  open  market  until  the  appropriation  was  ex- 
hausted. (See  Beport  of  Chief  of  Engineers,  1879,  Appendix  K  1,  and 
this  report) 

By  act  of  Congress  approved  March  3, 1879,  further  appropriation  was 
made  to  the  amount  of  $60,000,  and  under  this  the  work  was  put  out  at 
contract.    (See  this  report.) 
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By  act  of  Congress  approved  June  14,  IStSO,  appropriation  of  $75,00() 
Avas  made  for  continuance  of  improvement,  and  this  it  is  prox)osed  to 
offer  at  contract.    (See  this  report.) 

The  work  for  the  fiscal  year  ending  June  30,  1880,  has  been  such  as 
indicated  in  my  report  for  1879,  viz :   • 

The  balance  of  the  appropriation  of  1878  ($14,931.39)  has  been  ex- 
pended in  continuance  of  the  work  by  hire  of  labor  and  purchase  in 
open  market,  and  the  appropriation  of  1879  has  been  put  out  at  con- 
tract. 

WORK  UNDER  BALA^'CE  OF  APPROPRIATION   OF  1878. 

In  regard  to  this  I  submit  the  following  extract*  from  my  monthly 
reports: 

Juljf. — A  barge  load  of  caueflwos  received  July  14,  and  the  work  of  weaving  ma t^ 
was  reanmed  July  15.  Eleven  mats,  200  by  26  feet,  were  placed,  matting  30,800  sniier- 
iicial  feet  of  bank^  80  piles  were  driven  in  line  between  the  wharf  at  the  head  of 
Marigny  street  and  lower  aide  of  wharf  at  Post  No.  24,  between  Spain  and  Enghien 
streets,  third  district. 

Twentjv-fonr  piles  were  pnlled  at  different  points  along  the  line  of  the  piles  driven. 

Julif  26. — The  work  of  weaving  and  sinking  mats  was  again  suspended  on  account 
of  failure  of  contractor  in  supplying  cane.     *     »     » 

Auguat — During  the  month  22  mat«,  200  by  26  feet,  were  placed,  matting  61,600 
superdcial  feet  of  the  river's  bank,  or  308  running  feet  frontage :  211  sections  of  mat 
were  woven,  and  3,(^  bags  for  ballast  were  tilled  with  sand.  Seven  days  were  lost 
by  failure  of  contractor  to  keep  a  supply  of  cane  at  the  works,  and  three  days  lost  by 
stormy  weather. 

Anguit  22. — The  ways  barge  was  sunk  during  a  severe  storm. 

•  M  »  «  *  •  • 

Se]^temher. — Fourteen  mats,  200  by  26  feet,  and  1  mat,  175' by  26  feet,  were  placed, 
matting  41,650  snperttcial  feet  of  the  river  bauk.  September  1  a  severe  storm  coni- 
menced,  increasing  to  a  hurricane,  resulting  in  the  following  loss  to  the  work,  not- 
withstanding every  effort  was  made  to  save  the  property  : 

One  ways  barge  broke  up  and  went  to  pieces,  valued  at $475  00 

One  sand  barge  sunk,  vfuued  at 75  00 

Sixty  tons  of  sand  lost  on  sand  barge 33  00 

Damage  to  pile-driver,  loss  of  sand  bags  filled,  say 50  00 

Total  damage  (estimated) 633  00 

Twelre  piles  were  driven  during  the  month.  Owing  to  the  losses  above  reported 
the  work  of  making  and  placing  mats  was  suspended  after  September  1  until  the  22d, 
when,  a  barge  having  been  purchased  and  fitted  up  as  a  ways  barge,  the  work  of  plac- 
ing mats  was  resumed  and  continued  during  the  remainder  of  the  month  •        •        * 

October. — ^The  work  of  manufacturing  and  placing  mats  was  continued  to  October  15« 
when  operations  were  suspended  on  account  of  exhaustion  of  the  appropriation  of  June 
18,  1878.  Twenty-seven  mats,  200  by  26  feet,  were  iilaced,  matting  75,600  superficial 
feet  of  the  river  bank.    •    •    » 

The  principal  items  in  the  foregoing  extracts  sum  up  as  follows,  viz : 

Number  of  carpets  laid 74 

Running  feet  of  front  covered l,ll(> 

Square  feet  of  river  bed  covered  (=  16,628  square  yards) 149, 650 

If  it  had  been  x>ossible  to  have  laid  the  carpets  with  the  same  regu- 
larity as  they  could  have  been  laid  above  water,  they  would  have  cov- 
ered 207,200  square  feet  =  23,022  square  yards. 

The  loss,  therefore,  due  to  the  variable  currents  and  eddies  that  dis- 
turb the  laying  of  the  mats,  is  about  25  per  cent. 

Making  an  estimate  in  the  manner  of  report  of  1879,  and  taking  the 
balance  of  appropriation  of  1878  ($14,931.39)  for  our  purpose,  the  follow- 
ing results,  viz : 

Cost  per  square  yard  covered f0.89-f 

Cost  per  running  foot  of  front 13. 38-i- 
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The  figures  go  toward  confirmiDg  the  opinion  expressed  in  my  report 
of  1879,  Tiz :  That  experience  would  result  in  a  great  reduction  of  cost — 
a  redaction  to  $10  or  less  per  running  foot. 

Estimate  based  on  the  laying  of  the  last  9  mats  put  down  shows  a 
further  reduction,  viz,  83  cents  per  square  yard  and  $8.68  per  running 
foot;  but  these  mats  were  laid  under  tavoriug  circumstances,  and  the 
hgateA  cannot  be  taken  as  a  sound  basis  for  estimate  of  the  work  done 
and  yet  to  be  done  on  that  portion  of  the  harbor  front  obstructed  by 
iiliipping  and  caved-in  wharves.  It  is,  however,  no  doubt,  large  for  un- 
obstructed portions  of  the  harbor  front. 


PLAN    OF  WHARF 


TOP    or  WHARF 


r 


In  prosecuting  the  work  above  reported  much  annoyance  and  delay 
^as  caused  by  tiie  shipping  in  the  harbor,  and  it  was  found  necessary 
to  move  firom  point  to  point  on  the  line,  leaving  breaks  to  be  filled  in  as 
the  shipping  was  removed  from  their  front.  This  was  done  so  as  to 
inconvenience  as  little  as  possible  all  parties  concerned,  and  the  lino 
of  mats  was  finally  made  continuous  with  exception  of  one  gap  left  open 
«m  account  of  construction  of  a  ferry  slip  at  the  head  of  Elysian  Field» 
street.    It  is  now  observed  that  the  portion  of  the  harbor  front  abov^ 


1148  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U,  8.  ARMY. 

this  break  has  stood  well  daring  the  year,  while  the  two  wharves  belovr 
the  break  (which  were  covered  by  the  matting)  have  given  way. 

This  may  suggest  that  continuity  of  the  line  of  protection  should  be 
preserved  from  its  point  of  commencement  at  the  foot  of  the  batture  to 
the  lowest  point  in  the  river  bend  needing  protection. 

It  is  further  suggested,  inasmuch  as  the  two  wharves  referred  to  have 
been  heavily  loaded  with  merchandise,  since  the  placing  of  the  protec- 
tion work  in  front  of  them,  that  the  weight  of  this  merchandise  has  had 
much  to  do  with  the  giving  way  of  the  wharves. 

This  is  indicated  by  the  manner  in  which  the  wharves  have  gone  down, 
■as  illustrated  by  the  diagram  on  page  1147. 

It  is  the  center  of  the  wharves  (where  the  merchandise  is  generally 
piled)  that  gives  down,  and  the  lower  corner  of  the  T  head,  about  which 
there  is  usually  an  eday. 

If  the  wharves  were  more  substantially  built  with  piling  extending  to 
a  suitable  depth,  and  if  the  piling  of  heavy  merchandise  on  top  of  them 
49hould  be  prevented,  the  matting  in  front  will  protect  them  from  the 
action  of  the  river  currents,  and  I  have  no  doubt  that  they  would  stand 
securely. 

With  a  view  toward  getting  full  information  regarding  the  causes 
affecting  the  stability  of  wharves,  I  had  a  record  kept,  in  the  usual  form, 
of  all  pUes  driven  during  the  year.  This  record  has  not  yet  been  care- 
fully studied,  but  a  brief  examination  shows  great  irregularity  in  the 
•character  of  the  holding  ground  afforded  the  piles.  This  matter  will  be 
made  the  subject  of  further  study  during  the  present  year. 

The  river  is  yet  at  too  high  a  stage  for  examination  of  the  work  now 
•down  to  ascertain  ite  condition. 

It  was  suggested  last  year  that  the  shrimps  (which  are  known  to  eat 
the  oakum  out  of  the  seams  of  vessels  lying  in  port)  might  attack  the 
'Spun-yarn  used  in  construction  of  the  mats.  Some  experiments  were 
therefore  made,  serving  to  indicate  that  there  is  nothing  to  be  feared 
from  this  cause  of  deterioration. 

After  suspension  of  work  in  October,  the  record  of  the  year  is  only  one 
-of  the  care  of  property  left  on  hand,  and  the  completion  of  arrangements 
for  continuance  under  contract. 

CONTINUANCE  BY  CONTRACT. 

Appropriation  of  $60,000  was  made  by  act  of  Congress  approved  March 
^,  1879.  Under  date  of  April  5, 1879, 1  was  officially  notified  of  appro- 
priation and  directed  to  submit  project. 

Project  was  submitted  under  date  of  April  12. 

Under  date  of  September  6, 1  submitted  for  approval  specifications, 
•&C.,  and  requested  authority  to  publish. 

September  17, 1  published  advertisement  asking  for  pix>i)Osals. 

October  20,  bids  were  opened. 

'The  following  is  an  abstract : 
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By  direction  of  the  Chief  of  Engineers  the  bid  of  A.  L.  Gervin  and 
O.  W.  Sargent  was  accepted  and  dne  notice  given  to  these  parties  to 
present  themselves  and  bondsmen  to  enter  into  contract.  These  bid- 
ders failing  (Mr.  Sargent  refusing  to  enter  into  contract),  authority  was 
given  to  contract  with  John  Boy  (the  next  lowest  bidder). 

Accordingly,  on  the  26th  of  December,  articles  of  agreement  were  en- 
tered into  with  Mr.  Eoy  and  in  due  time  {^proved. 

The  body  of  the  agreement  is  as  follows,  viz : 

This  agreement  witneasoth  that,  in  conformity  with  the  advertifiemeot  and  apecifi- 
•cations  hereunto  attached,  and  which  form  a  part  of  this  contract,  the  said  Ciiarles  , 
W.  Howell,  for  and  in  behalf  of  the  United  States  of  America,  and  the  said  John 
Roy,  for  himself,  his  heirs,  executors,  and  administrators,  have  mutually  agreed,  and 
by  these  presents  do  mutually  covenant  and  agree,  to  and  with  each  other,  as  follows, 
VIZ :  To  manufactnre,  furnish,  and  place  an  artificial  covering  of  cane  mats  over  the 
sloping  portion  of  the  river-front  of  the  third  district  of  New  Orleans,  La.,  in  a  simi- 
lar manner  and  in  continuation  of  the  same  work  as  has  been  done  heretofore  under 
the  direction  of  the  said  party  of  the  first  part,  and  as  set  forth  in  said  specifications 
■and  proposals  herewith  attached. 

It  IS  further  agreed  between  the  contracting  parties  aforesaid  that  the  said  party  of 
the  second  part  may  place  his  ^uide-piles  7  feet  apart,  from  center  to  center,  instead 
of  6  feet  apart,  as  provided  for  in  saia  specifications,  for  the  reason  that  14  feet  clear 
width  of  each  mat  is  calculated  to  cover  that  portion  of  the  line  measured  Sklong  the 
guide-piles. 

It  is  further  agreed  between  the  said  contracting  parties  that  the  said  party  of  the 
second  part  shall  have  all  his  plant  and  material,  and  have  made  his  arrangements  to 
commence  and  shall  commence  the  laying  of  mats  on  or  before  the  date  at  which  the 
Mississippi  River,  after  the  flood  of  1879  and  1880,  shall  have  fallen  to  a  stage  repre- 
sented on  the  CarroUton  gan^  as  a  7-foot  stage. 

For  and  in  consideration  ot  the  said  party  of  the  second  part  faithfully  complying 
with  his  agreement,  the  said  party  of  the  first  part  agrees  to  pay  to  the  said  party  of 
the  second  part,  or  his  heirs,  executors,  and  aoministrators,  the  snm  of  65  cents  per 
square  yard  for  all  such  sloping  portion  of  the  river  bank  as  the  said  mats  may  cover 
to  the  satisfaction  of  the  said  party  of  the  first  part,  less,  each  payment,  the  percent- 
age specified  hereinafter,  whicn  is  to  be  held  nntil  satisfactory  completion  of  contract. 

I  am  informed  that  the  contractor  has  his  arrangements  made  to  com- 
mence as  per  agreement,  which  will  probably  be  some  time  in  Joly,  1880. 

Under  the  appropriation  of  June  10, 1880--$  75,000 — ^it  is  proposed  to 
commence  work  in  the  Garrollton  Bend  (section  No.  1  of  this  work),  be- 
ginning at  the  foot  of  the  battore  in  this  bend,  and  making  the  work 
continuous  down  stream.  The  work  to  be  let  out  at  contract.  The 
43peciflcations  to  be  similar  to  those  of  present  contract. 

The  reasons  are  these: 

1.  The  present  contract  will  probably  cover  all  of  section  No.  2. 

2.  Even  if  it  does  not,  it  would  be  troublesome  to  have  two  contractors 
working  on  section  No.  2  at  the  same  time. 

3.  The  section  No.  1  has  been  considered  in  a  dangerous  condition  for 
the  past  few  years. 

4.  The  Board  of  Engineers  placed  it  next  in  importance  to  section 
No.  2. 

5.  The  experience  to  be  gained  on  it  will  be  of  greater  value,  in  con- 
sideration of  plans  for  bank  protection  and  general  river  improvement, 
than  can  be  given  on  any  other  part  of  the  work  about  the  harbor  of 
New  Orleans. 

The  following  statistics  regarding  the  commerce  of  the  port  of  New 
Orleans  for  the  year  ending  June  ^,  1880,  have  been  kindly  furnished 
by  the  collector  of  the  port,  General  A.  S.  Badger: 

Steam  vessels  entered 451 

Sailiug  vessels  entered 725 

:    '      Total 1,176 
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TiNioageof  steam  yeaaela tons..      796,450 

fnniuigeof  sailing  vossels do...      4(Hi,979 

ToUl 1.198,429 

^u-un  vemels  rlcare<l 575 

>ii\iug  \emeU  cleared 7S2 

Total 1,297 

Tnooiigeof  steam  vessels tons..      810,915 

ToQnsgeof  sailing  vessels ^ do...      397,456 

ToUl 1,208,371 

IMPORTS. 

Vne 1230.901  00 

Fn*  commodities 4,625,596  00 

I»irtiable 5,723,419  00 

Total 10,579,916  00 

EXPORTS. 

Ik)m4^ic  commodities $9,238,757  00 

Koivign  commodities 176,443  00 

Total 9,415,200  00 

rotal  amonnt  collected  on  imports 2,080,598  57 

Tbe  work  is  located  in  the  collection  district  of  New  Orleans,  and  the  nearest  light* 
Loose  on  the  river  is  at  the  head  of  the  passes. 

lU  degree  of  x>ermaTience  is  yet  a  matter  of  doubt. 

To  oontinae  the  work  of  improvement  under  the  present  project  an 
<idditional  appropriation  of  $200,000  is  recommended  for  the  fiscal  year 
ending  Jane  30, 1882. 

'^ginal  estimated  cost $476,000  00 

Amoant  appropriated 185,000  00 

A  moont  expended 51,911  23 

Money  statement 

Jalv  1, 1879,  amount  available |74,931  39 

Ajnoant  appropriated  by  act  approved  June  14,  1880 75, 000  00 

$149, 931  39 

<^qI J 1, 1880,  amount  expended  during  fiscal  year 16, 604  27 

ii)y  1, 1880,  outstanding  liabilities 238  :« 

16, 842  62 


'  ily  1, 1^  amount  available 133,088  77 

ect 291,000  00 

Tune  30, 1882.     200,000  00 


Amonnt  (estimated)  required  for  completion  of  existins  project 291, 000  00 

Amouotthat  can  be  prohtably  expended  in  fiscal  year  ending  Ji 


M    2. 

MPKOVEMENT  OK  PEARL'RIVER,  MISSISSIPPI,  FROM  JACKSON  TO  CAR- 
THAGE. 

This  work  originated  from  an  examination  which  was  provided  for  by 
*  ^Q^^ress  in  the  river  and  harbor  act  of  1878,  report  of  which  snrvey 
nil  be  foand  in  the  Annual  Report  of  the  Chief  of  Engineers  for  1879, 
v^pendix  K  2. 
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In  the  river  and  harbor  act  approved  March  3, 1879.  appropriation  of 
$6,000  was  made  for  commencing  the  work  between  Jackson  and  Car- 
thage, and  (see  report  above  cited)  it  was  proposed  to  expend  this 
amount  (as  far  as  it  would  go)  by  contract  in  removing  obstructions 
that  it  was  estimated  would  cost  $21,000  to  remove. 

In  preparing  specifications  for  the  work  so  as  to  trim  the  latter  to  suit 
the  amount  appropriated,  and  yet  be  of  as  much  benefit  to  navigation 
as  possible,  it  was  decided  to  limit  the  work  to  those  obstructions  that 
would  most  embarrass  navigation  at  a  stage  5  feet  above  the  low-water 
stage  of  the  river. 

After  approval  of  these  specifications,  and  after  the  work  had  been  duly 
advertised  under  them,  bids  were  I'eceived  and  opened  on  October  20. 

The  following  is  an  abstract  of  the  bids  received : 
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J.  S.  Hamilton  &  Co.  being  the  lowest  responsible  bidders  the  contract 
was  awarded  them,  and  articles  of  agreement  duly  entered  into  under 
date  of  November  20, 1879,  and  approved  under  date  of  December  1, 
1879. 

The  following  is  the  body  of  the  agreement ; 

This  agreement  witnesseth  that,  in  conformity  with  the  advertisement  and  speciti- 
cations  hereunto  attached,  and  which  fonn  a  paji;  of  this  contract,  the  said  Charles  W. 
HoweH,  for  and  in  behalf  of  the  United  States  of  America,  and  the  said  J.  S.  Hamilton  & 
Co.,  for  themselves,  their  heirs,  executors^  and  administrators,  have  mutaally  agreed, 
and  by  these  presents  do  mutually  covenant  and  agree,  to  ana  with  each  other,  as  fol- 
lows, viz : 

To  x>erform  the  work  of  removing  obstructions  to  navigation  in  Pearl  River  between 
JacksoU)  Mississippi,  and  Carthage,  Mississippi,  marked  A  io  P,  Inolusive,  in  con- 
formity with  their  proposal,  copy  attached,  and  as  eet  forth  in.  said  advertisement 
and  specifications. 

At  the  time  agreement  was  entered  into  the  river  was  at  too  high  a 
stage  for  commencement  of  work.  Under  date  of  March  11,  1880,  the 
contractors  informed  me  that  they  were  ready  to  commence,  and  called 
for  an  inspector  to  aid  them  in  recognizing  the  work  provided  for  in 
their  agreement.  An  inspector  (the  assistant  who  made  the  examina- 
tion) was  at  once  dispatched  to  perform  the  duty  (provided  for  in  agree- 
ment). 

The  duty  was  performed  and  duly  reported  to  me. 

Since  that  I  have  been  informed  by  the  contractors  of  progress  in  their 
work  to  this  effect :  That  they  have  been  engaged  on  such  work  re^juired 
of  them  as  could  be  done,  the  stage  of  the  river  considered,  viz,  the 
cutting  of  trees  on  bank,  and  that  they  would  attend  to  the  other  work 
{IS  the  river  fell,  so  as  to  permit  them  to  work  to  advantage. 

Under  the  agreement  no  further  inspection  will  be  required  until  the 
contractors  claim  that  they  have  fulfilled  their  part  of  the  agreement 

In  the  river  and  harbor  act  approved  June  14, 1880,  there  was  further 
provision  made  for  this  work  to  the  amount  of  $7,500. 

The  following  project  for  expenditure  of  this  amount  has  been  sub- 
mitted, viz : 

PROJECT. 

It  is  proposed  to  continue  the  improvement  by  the  removal  of  all 
obstructions  (not  covered  by  present  contract)  to  a  5-foot  low-water  nav- 
igation from  the  bridge  at  Jackson  to  the  highest  point  on  the  stream 
above  that  the  appropriation  will  cover,  and  also  to  let  out  this  work  at 
contract. 

Specifications  drawn  in  accordance  with  the  above  project  have  also 
been  submitted. 

The  work  is  located  in  the  State  of  Mississippi,  and  the  nearest  light-house  is  on  the 
Kigolets,  opposite  mouth  of  West  Pearl  River. 

The  work  is  not  considered  permanent  because  it  appears  quite  certain 
that  the  channel  opened  will  gradually  fill  in  places  with  drift,  &c. 

To  complete  the  improvement  of  this  river  under  the  present  project  an 
additional  appropriation  of  $7,500  is  recommended  for  the  fiscal  yeai' 
ending  June  30, 1882. 

Original  estimated  cost |21,000  00 

Amount  appropriated 13,500  00 

Amount  expended 213  03 
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Money  statement 

July  1, 1679,  amount  available $6,000  00 

imoant  appropriated  by  act  approyed  June  14,  18d0 7, 500  00 

$13,500  00 

loljrl,  IdBO,  amount  expended  during  fiscal  year 213  03 


Jnlyl,lWO,  amount  avaUable 13,996  9T 

Amoant  (estimated)  required  for  completion  pf  existing  project 7, 500  00 

imoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.      7, 500  00 


M  3. 

IMPBOVEMENT  OF  PEARL  RIVER,  BELOW  JACKSON,  MI6SISSIPPL 

Thig  work  originated  In  an  examination  authorized  by  act  of  Congress 
approved  June  18, 1878,  a  report  of  which,  together  with  plan  and  esti- 
mate, was  published  in  Beporib  of  the  Chief  of  Engineers  for  1879,  Appen- 
dix K  2. 

By  act  of  Congress  approved  June  14, 1880,  the  sum  of  $30,000  was 
•ippropriated  for  its  commencement. 

It  is  proposed  to  commence  the  work  of  improvement  at  Jackson  and 
rontinne  it  down  stream,  so  far  as  the  amount  appropriated  will  permit,  by 
removing  firom  the  banks  all  overhanging  trees  and  disposing  of  them  in 
<nch  manner  that  they  may  not  again  become  obstructions  to  navigation. 
Mso  to  clear  a  passage-way  100  feet  wide  through  the  tish-traps  situated 
4  short  distance  below  Jackson,  and  to  remove  from  the  bed  of  the  river 
all  trees,  logs,  and  snags  found  in  it  to  a  depth  of  at  least  5  feet  below 
lowwater  mark,  or,  where  such  depth  of  water  does  not  exist,  to  the 
bottom  of  the  river,  said  trees,  logs,  and  snags  to  be  placed  in  cut-offs 
or  ruD-ont  bayous,  or  where  cut-offs  or  runout  bayous  are  not  available, 
ro  place  them  on  the  banks  and  bum  them  or  otherwise  dispose  of  them 
«)  that  they  shall  not  again  become  obstructions  to  navigation. 

The  work  to  be  done  by  contract  and  award  to  be  based  on  the  number 
(if  miles  proposed  to  be  improved  for  the  amount  of  money  available. 

The  mginal  estimate  for  this  work  was  $95,940,  or  905,940  more  than  has 
lN>eD  appropriated,  and  it  is  therefore  recommended,  for  the  continuance 
of  the  work  under  the  present  project,  that  an  additional  appropriation 
of  $65,940  be  made  for  the  fiscal  year  ending  June  30, 1882. 

The  commercial  importance  of  this  work  was  indicated  in  the  report 
of  examination. 

The  work  is  not  considered  of  a  permanent  character,  as  obstructions, 
<-aiued  by  trees  falling  into  the  river,  drift-logs^  and  snags  are  liable  to 
reform  at  any  time. 

The  work  is  located  in  the  collection  district  of  New  Orleans,  and  the  nearest  light- 
KHne  is  oa  the  Btgolets,  opposite  month  of  West  Pearl  Biver. 

'^Sinal  estimated  oost |85,940 

Amoont  appropriated '30,000 

Money  statement. 

^oant  appropriated  by  act  approved  Jane  14,  1880 ^,  000  00 

Hv  1. 11*0.  amonnt  aTallahle 30,000  00 

^«n«Mmt  (estimated)  required  lor  coiupletioii  of  exiHtini;  iinyttct 65, 940  00 

'Ktoiiur  that  can  l>e  protitably  expeudtMl  in  ii^cal  yeareuuiug  .Jime  30,  ltiS'2.     G5, 940  00 
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It  is  proposed  to  have  the  work  done  by  contract,  proposals  being  Id- 
Tited  in  the  usual  way  and  award  based  on  the  amount  for  which  the 
bidder  proposes  to  clear  the  river,  as  indica4;ed,  from  the  railroad  bridge 
to  its  mouth. 

The  original  estimate  for  the  work  was  $9,900,  or  $4,900  more  than 
the  amount  appropriated,  and  it  is  therefore  recommended  that  an  ad- 
ditional appropriation  of  $4,900  be  made  for  the  fiscal  year  ending  Jane 
30,1882. 

The  commercial  importance  of  the  stream  was  set  forth  in  report  of 
the  survey.  The  work  is  not  considered  permanent,  as  the  obstructions 
to  navigation,  caused  by  drift-logs,  snags,  &c.,  may  be  replaced  by  oth- 
ers of  a  similar  character  from  caving  banks  and  other  causes. 

The  work  is  located  in  the  oolleetion  distriot  of  New  Orleans,  and  the  nearoBt  light- 
honse  is  at  the  entrance  of  Atchafalaya  Bay. 

Original  estimated  cost f!9,900 

Amonnt  appropriated 5,  WO 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 '.....-....  $5,000  0<> 

July  1,  18&0,  amount  avaihible 5,000  OU 

Amount  (estimated)  required  for  completion  of  existing  project 4, 900  00 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 . .  4, 900  OU 


M  7. 

IMPROVEMENT  OF  BAYOU  TERREBONNE,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  published  in  House  Ex.  Doc.  "So.  54,  Forty- 
sixth  Congi'ess,  second  session. 

By  act  of  Congress  approved  June  14,  1880,  an  appropriation  of 
$10,000  was  made  for  its  commencement. 

It  is  proposed  to  expend  this  sum  in  obtaining  a  4-foot  navigable  chan- 
nel down  the  bayou  from  Houma.  To  do  this  it  will  be  necessary  to 
clear  away  the  overhanging  willows  and  bushes  on  the  right  bank  of  the 
bayou  for  a  distance  of  20  miles  below  Houma  and  to  dredge  the  shoal 
spots  that  exist*  at  intervals  for  a  distance  of  6  miles  below  that  place. 

The  work  to  be  done  by  contract. 

The  work  is  not  considered  permanent,  as  the  shoals  below  Houma  aro 
apt  to  reform  with  each  high-water. 

The  original  estimate  for  this  work  was  $18,800,  or  $8,800  more  than 
the  amount  appropriated.  A  further  appropriation  of  $8,800  for  the 
fiscal  year  ending  June  30, 1882,  is  therefore  recommended  to  continue 
the  work  of  improvement  and  maintaining  a  navigable  channel  4  feet  in 
depth  from  Houma  down. 

The  commercial  importance  of  the  bayou  was  indicated  in  the  report 
of  the  examination. 

The  work  is  located  \n  the  collection  district  of  New  Orleans.    The  nearest  ligliT- 
house  is  near  the  east  end  of  Timbalier  Island. 

QriRinal  estimat'Od  cost $18,800 

Amount  appropriated 10,000 

Money  gtatement. 

Amount  appropriated  by  act  approved  June  14,  1880 |10, 000  Ot> 

Jaly  1,  1880,  amount  available 10,000  00 

Amoont  (estimated)  required  for  completion  of  existing  project 8, 800  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.      8, 800  00 
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M  8. 

lUPBOVEMENT  OF  BAYOU  TECHE,  FROM  SAINT  MARTINSVILLE  TO  PORT 

BARRE,  LOUISL^A. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  published  in  House  Ex.  Doc.  No.  54,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $6,000 
was  made  for  its  commencement. 

It  is  proposed  to  expend  this  money  in  the  work  of  improvement  by 
removing  from  the  bank  ail  trees  to  a  distance  of  50  feet  from  the  middle 
of  the  bayou ;  also  to  remove  all  trees,  logs,  snags,  wrecks,  and  other  ob- 
structions from  the  bed  of  the  bayou  to  5  feet  below  low-water  surface, 
or  where  such  depth  of  water  does  not  exist  to  the  bottom  of  the  bayou, 
and  placing  them  on  the  banks  above  high- water  or  burning  them,  so 
that  they  shall  not  again  become  obstructions  to  navigation. 

From  Leonville  to  Port  Barre,  13  miles,  there  has  not  been  sufficient 
water  for  navigation  within  the  memory  or  the  oldest  inhabitants,  except 
during  the  extreme  high-water  of  1874.  At  the  time  of  the  examina- 
tion, tiie  low-water  surface  at  Leonville  was  4^  feet  above  that  in  the 
Coortahleau,  while  4  miles  from  Fort  Barre  the  bottom  of  the  channel  was 
(i  feet  above  low-water  in  the  Courtableau. 

For  these  reasons  it  is  not  deemed  advisable  at  present  to  expend 
any  of  the  appropriation  for  this  year  in  improving  the  bayou  above 
Leonville. 

The  work  to  be  done  by  contract. 

The  original  estimate,  which  was  for  improving  the  bayou  from  Kew 
Iberia  to  Leonville,  provided  for  3  needle-dams  and  locks,  by  which 

Sod  navigation  would  be  secured  during  the  year,  at  high-water  the 
ms  being  removed ;  and  it  is  recommended  that  an  appropriation  of 
$o0,G90  be  made  for  the  fiscal  year  ending  June  30, 1882,  to  complete  the 
improvement. 

The  small  bars  found  in  this  bayou  are  caused  by  draining  ditches, 
and  some  means  should  be  adopted  to  stop  this  and  liave  the  drainage 
ditches  run  into  the  swamps  instead. 

The  work  may  be  considered  of  a  permanent  character,  in  the  ordi- 
nary acceptation  of  the  term  permanent  as  applied  to  works  of  this 
kind,  if  with  needle-dams  and  locks;  otherwise  not,  as  the  obstructions, 
earned  by  trees,  logs,  and  snags,  are  liable  to  reform. 

The  commercial  importance  of  the  work  is  set  forth  in  the  report  of 
examination. 

Tlie  work  is  looaled  in  the  coUection  diBtrict  of  New  Orleans.  The  neareet  light- 
house  is  at  the  entrance  to  Atchafalaya  Bay. 

Original  estimated  coet $50,690 

Amount  appropriated 6,000 

Money  statement 

Amoant  appropriated  by  act  approved  June  14,  lti80 $6,000  00 

Joljl,  IM),  amount  available 6,000  00 

AauMiBt  (eetimated)  required  for  completion  of  existing  project 50, 690  00 

Amomt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1QS2 . .  50, 690  00 
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It  is  proposed  to  have  the  work  done  by  contract,  proposals  being  in- 
vited in  the  usual  way  and  award  based  on  the  amount  for  which  the 
bidder  proposes  to  clear  the  river,  as  indicated,  from  the  railroad  bridge 
to  its  mouth. 

The  original  estimate  for  the  work  was  $9,900,  or  $4,900  more  than 
the  amount  appropriated,  and  it  is  therefore  recommended  that  an  ad- 
ditional appropriation  of  $4,900  be  made  for  the  fiscal  year  ending  Jane 
30,1882. 

The  commercial  importance  of  the  stream  was  set  forth  in  report  of 
the  survey.  The  work  is  not  considered  permanent,  as  the  obstructions 
to  navigation,  caused  by  drift-logs,  snags,  &c.,  may  be  replaced  by  oth- 
ers of  a  similar  character  from  caving  banks  and  other  causes. 

The  work  is  located  in  the  collectioii  district  of  New  Orleons,  and  the  nearest  light- 
honse  is  at  the  entrance  of  Atchafalaya  Bay. 

Original  estimated  cost $9,900 

Amount  appropriated 5,000 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 '.....• $5,000  (H^ 

July  1,  ISeO,  amonnt  avaihible 5,000  Oi) 

Amount  (estimated)  required  for  completion  of  existing  project 4, 900  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882 . .  4, 900  (H> 


M  7. 

IMPROVEMENT  OF  BAYOU  TERREBONNE,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  published  in  House  Ex.  Doc.  Ko.  54,  Forty- 
sixth  Congi*ess,  second  session. 

By  act  of  Congress  approved  June  14,  1880,  an  appropriation  of 
$10,000  was  made  for  its  commencement. 

It  is  proposed  to  expend  this  sum  in  obtaining  a  4-foot  navigable  chan- 
nel down  the  bayou  from  Houma.  To  do  this  it  will  be  necessary  to 
clear  away  the  overhanging  willows  and  bushes  on  the  right  bank  of  the 
bayou  for  a  distance  of  20  miles  below  Houma  and  to  dredge  the  shoal 
spots  that  exist*  at  intervals  for  a  distance  of  6  miles  below  that  place. 

The  work  to  be  done  by  contract. 

The  work  is  not  considered  permanent,  as  the  shoals  below  Houma  are 
apt  to  reform  with  each  high-water. 

The  original  estimate  for  this  work  was  $18,800,  or  $8,800  more  than 
the  amount  appropriated.  A  further  appropriation  of  $8,800  for  the 
fiscal  year  ending  June  30, 1882,  is  therefore  recommended  to  continue 
the  work  of  improvement  and  maintaining  a  navigable  channel  4  feet  in 
depth  from  Houma  down. 

The  commercial  importance  of  the  bayou  was  indicated  in  the  reiKut 
of  the  examination. 

The  work  is  located  in  tlie  collection  district  of  New  OrleauH.  The  Dearent  liglit- 
honae  is  near  the  east  end  of  Timbalier  Island. 

Oriicinal  eBtimated  coat $16,800 

Amount  appropriated 10,000 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 |10, 000  00 

Joly  1, 1880,  amount  available 10,000  00 

Amonnt  (estimated)  required  for  completion  of  einsting  project 8, 800  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  !)0,  188S.  8, 800  00 
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M  8. 

IMPROVEBfEKT  OF  BAYOU  TECHE,  FROM  SAINT  MARTINSVILLE  TO  POET 

BARRE,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  published  in  House  Ex.  Doc.  No.  54,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $6,000 
was  made  for  its  commencement. 

It  is  proposed  to  expend  this  money  in  the  work  of  improvement  by 
removing  from  the  bank  all  trees  to  a  distance  of  50  feet  from  the  middle 
of  the  bayou;  also  to  remove  all  trees,  logs,  snags,  wrecks,  and  other  ob- 
structions from  the  bed  of  the  bayou  to  5  feet  below  low-water  surface, 
or  where  such  depth  of  water  does  not  exist  to  the  bottom  of  the  bayou, 
and  placing  them  on  the  banks  above  high-water  or  burning  them,  so 
that  they  shall  not  a^ain  become  obstnictions  to  navigation. 

From  Leonville  to  Port  Barre,  13  miles,  there  has  not  been  sufficient 
water  for  navigation  within  the  memory  or  the  oldest  inhabitants,  except 
daring  the  extreme  high- water  of  1874.  At  the  time  of  the  examina- 
tion, 3ie  low- water  surface  at  Leonville  was  4J  feet  above  that  in  the 
Coartableau,  while  4  miles  from  Port  Barre  the  bottom  of  the  channel  was 
U  feet  above  low- water  in  the  Courtableau. 

For  these  reasons  it  is  not  deemed  advisable  at  present  to  expend 
any  of  the  appropriation  for  this  year  in  improving  the  bayou  above 
Leonville. 

The  work  to  be  done  by  contract. 

The  original  estimate,  which  was  for  improving  the  bayou  from  Kew 
Iberia  to  Leonville,  provided  for  3  needle-dams  and  locks,  by  which 
good  navigation  would  be  secured  during  the  year,  at  high* water  the 
dams  being  removed ;  and  it  is  recommended  that  an  appropriation  of 
$50,690  be  made  for  the  fiscal  year  ending  June  30, 1882,  to  complete  the 
improvement. 

The  small  bars  found  in  this  bayou  are  caused  by  draining  ditches, 
and  some  means  should  be  adopted  to  stop  this  and  have  the  drainage 
<Utcfaes  run  into  the  swami>s  instead. 

The  work  may  be  considered  of  a  permanent  character,  in  the  ordi- 
nary acceptation  of  the  term  i)ermanent  as  applied  to  works  of  this 
kind,  if  with  needle-dams  and  locks ;  otherwise  not,  as  the  obstructions, 
iiauaed  by  trees,  logs,  and  snags,  are  liable  to  reform. 

The  commercial  importance  of  the  work  is  set  forth  in  the  report  of 
examination. 

Tlie  work  i»  located  in  the  coUection  diatrict  of  New  Orleans.    The  nearest  light- 
buoiie  is  at  the  entrance  to  Atchafaiaya  Bay. 

Ori^nal  eotlmated  cost 150,690 

Amonnt  appropriated 6,000 

Money  sUiteinent 

Amoant  appropriated  by  act  approved  June  14,  18S0 $6,000  00 

Jaly  1,  18H0,  amount  available 6,000  00 

▲flumfit  (estimated)  required  for  completion  of  existing  project 50, 690  00 

'  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 . .  50, 690  00 
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M  9. 

IMPROVEMENT  OF  BAYOU  COURTABLEAU,  FROM  PORT  BARRE  TO  ATCHA- 

FALAYA,  LOUISIANA. 

This  work  originate  in  an  examination  authorized  by  act  of  Con- 
gress approved  March  3, 1879,  a  report  of  which,  together  with  plan  and 
estimate  for  improvement,  was  published  in  House  Ex.  Doc.  No.  54, 
Forty-sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14,  1880,  an  appropriation  of 
$7,500  was  made  for  its  commencement. 

The  principal  obstruction  in  this  portion  of  the  Courtableau  is  Little 
Devil  Bar,  near  its  junction  with  the  Atchafalaya.  The  bar  varies  in 
length  at  oifferent  seasons  of  the  year,  and  at  times  is  i>erfectly  dry. 

To  remove  this  bar  by  dredging  would  only  benefit  navigation  for  one 
low-water  season,  as  the  succ^ding  high- water  would  cause  it  to  reform. 

To  remove  this  bar  and  prevent  its  reforming  it  is  proposed  to  close 
the  run-out  bayous  to  the  south,  of  which  there  are  33,  between  Port 
Barre  and  the  Atchafalaya.  Before  this  can  be  done  to  advantage, 
however,  a  detailed  survey  of  the  locality  is  deemed  necessary  to  de- 
termine the  best  positions  for  the  dams  and  the  proper  height  to  be 
given  them,  a  necessity  stated  in  the  report  of  examination.  A  plan 
and  estimate  for  such  a  survey,  and  the  reasons  for  making  it,  were  for- 
warded for  approval  July  8, 1880. 

To  further  insure  low-water  navigation  to  Washington  with  Little 
Devil  Bar  removed,  there  will  be  required  a  lock  and  needle-dam  about 
4  miles  below  Port  JBarre,  and  the  commercial  importance  of  the  sta^eam 
is  deemed  sufficient  to  warrant  the  additional  expense  for  its  construc- 
tion. 

In  case  it  is  only  proposed  to  improve  that  portion  of  the  bayon  be- 
tween Port  Barre  and  the  Atchafalaya,  the  following  will  be  the  estimated 
cost: 

PORT  BARRE  TO  ATCHAFALAYA. 

Clearing  the  bayou  of  snags,  dbc,  18  miles $900 

Closing  run-out  bayons 20,000 

One  needle-dam  and  lock 15,000 

Contingencies,  10  per  cent ; 3,590 

Total 39,490 

Original  estimated  cost 39,490 

Amount  appropriated 7,500 

It  is  recommendedthat  $31,990  be  appropriated  for  the  fiscal  year  end- 
ing June  30, 1882,  to  complete  the  work. 

The  commercial  importance  of  the  work  was  indicated  in  the  re]K)rt 
of  examination. 

The  work  is  considered  to  be  permanent  in  the  ordinary  acceptation 
of  the  term  as  applied  to  workH  of  this  kind. 

The  work  is  located  in  collection  district  of  New  Orleans.  The  nearest  light-house 
is  at  the  entrance  to  Atchafalaya  Bay. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 |7, 500  00 

July  1,  1880,  amount  available 7,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 31, 990  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  31, 990  00 
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M   10. 

IMPROVEMENT  OF  BAYOU  LAFOURCHE,  LOUISIANA. 

This  work  originated  firom  surveys  authorized  by  act  of  Congress  ap- 
proved March  3, 1873,  for  report  of  which  see  Beport  of  Chief  of  Engi- 
neers, United  States  Army^  for  1874,  Appendix  E  13,  tmd  Report  of 
Chief  of  Engineers,  United  States  Army,  for  1875,  Appendix  S  6. 

Under  act  of  Congress  approved  June  18, 1878,  appropriating  $10,000, 
a  portion  of  the  work  was  commenced.  (See  Beport  of  Chief  Engineers 
for  1879,  Appendix  K  3.) 

By  act  of  Congress  approved  March  3, 1879,  a  further  appropriation 
of  $10,000  was  made  available,  and  with  a  portion  of  this  and  a  balance 
of  the  preceding  appropriation,  work  was  continued  during  the  past  fiscal 
year.    (See  this  report.) 

By  act  approved  June  14, 1880,  an  additional  appropriation  of  15,000 
was  made  for  continuing  the  work. 

The  close  of  the  fiscal  year  of  1878  and  1879  found  the  work  suspended 
on  account  of  high  water  in  the  bayou.  Work  was  resumed  on  the  15th 
of  July,  1879,  the  water  in  the  bayou  then  having  fallen  to  what  was 
("ODsidered  a  suitable  stage  for  recommencement  of  work  of  removal  of 
Kneh  obstructions  as  snags,  stumps,  raft  heaps,  and  wrecks. 

On  this  kind  of  improvement  work  was  continued  until  December  23, 
1879,  when  it  was  suspended,  as  was  done  the  previous  year,  because  of  too 
high  water  to  work  to  advantage,  leaving  much  yet  to  be  done  in  this 
direction. 

The  work  done  during  the  season  favoring  (135  working  days)  is  sum- 
marized as  follows : 

Wrecks  ranoved 10 

SoagB  and  flttunps  removed 747 

Logs  removed - 80 

Actaal  workiiig  days 106 

Days  lost  from  sickness,  from  moving  from  place  to  place,  and  from  delay  for 
n^paiis 19 

The  field  of  work  extended  fix)m  Thibodeaux  to  a  point  3  miles  below 

ockport 

The  work  has  gained  in  imx>ortance  during  the  year,  because  of  a 
canal  connection  made  between  the  Lower  Lafourche  and  Upper  Bara- 
taria  Bay,  and  thence  to  New  Orleans  through  the  bayous  and  canals 
connecting  the  bay  with  the  Mississippi  Biver,  opposite  New  Orleans. 
This  makes  the  low- water  navigation  of  the  bayou  in  a  large  measure 
independent  of  the  long  shoal  at  its  head,  which,  as  I  have  before  reported 
in  effect,  it  would  be  money  thrown  away  to  attempt  to  dredge  out. 

It  is  now  proposed  to  simply  continue  the  work  of  removing  obstruc- 
tions, as  during  the  past  year,  from  3  miles  below  Lockport  down  to 
this  canal,  to  benefit  this  portion  of  the  bayou  as  much  as  possible ;  the 
▼ork  to  be  done  as  reported  herein  by  hire  of  labor  and  purchase  in 
open  market.  This  will  serve  all  the  large  interests  below  Thibodeaux. 
particularly  those  of  the  rice  farmers,  an  interest  that  has  greatly  increased 
^thin  the  last  few  years. 

I  have  everything  on  hand  necessary  for  continuing  the  work,  except 
the  labor,  which  is  to  consist  of  an  overseer  and  a  crew  of  12  men. 

The  stage  of  water  in  the  bayou  will  soon  be  suitable  for  recommence- 
ment. 
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The  work,  so  far  as  that  portion  coutemplating  removal  of  obstructions 
is  concerned,  may  be  considered  as  susceptible  of  permanent  completion. 

The  work  is  locate<l  in  the  collection  district  of  New  Orleans.    The  nearest  light- 
houses are  those  at  the  mouth  of  tihe  Hiaalssippi  and  at  the  entranoe  to  Atchafalaya  Bay : 

Original  estimated  cost ; $100, 100  00 

Amount  appropriated 25, 000  OO 

Amount  expeiuled •* 11,994  83 

As  the  unexx)ended  balance  of  the  amounts  already  appropriated  is 
deemed  sufficient  to  complete  the  work  of  improvement  under  the  present 
project,  no  additional  appropriation  for  the  fiscal  year  ending  June  30, 
1882,  is  recommended. 

Money  ataitment 

July  1,  lc^9,  amount  available $13,817  81 

Amount  appropriated  by  act  approved  June  14, 1880 5, 000  00 

lift, 817  HI 

July  1 )  1880,  amount  expended  dnring  fiscal  year 5, 796  59 

July  1,  1880,  outstanding  liabilities 86  05 

5, 812  r»4 

July  1,  1880,  amount  available 13,006  17 


M    II. 

IMPROVEMENT  OF  SABINE  PASS  AND  BLUE  BUCK  BAR,  TEXAS. 

SYNOPSIS  OF  HISTORY. 

An  examination  of  this  pass  was  made  during  the  fiscal  year  ending 
June  30, 1873,  report  of  which  was  forwarded  to  the  Chief  of  Engineers 
with  my  annual  reports  for  that  year. 

In  compliance  with  instructions  from  the  Chief  of  Engineers,  dated 
January  20  and  23, 1875, 1  submitted,  February  4, 1875,  report  with  plan 
and  estimates  '^  for  the  improvement  of  the  navigation  of  the  harbor 
and  bar  at  Sabine  Pass,  Texas."  (See  Report  of  Chief  of  EngiDcers  for 
1875,  Appendix  S  10,  pages  945  to  947.) 

In  the  act  of  Congress  approved  March  3, 1875,  $30,000  were  api)ro- 
priated  for  the  work,  which  was  let  out  at  contract  but  the  contractors 
failed  in  their  agreement,  and  the  contract  was  annulled. 

Under  act  of  Congress  approved  August  14,  1876,  appropriating 
$38,000  and  balance  of  the  appropriation  for  1875,  the  work  was  again 
advertised  for  contract,  but  as  it  was  estimated  that  the  lowest  respon- 
sible bid  received  would  not  complete  a  channel  of  the  specified  depth 
of  12  feet,  all  bids  were  rejected  and  the  United  States  dredgeboat  P^s. 
sayons,  lying  idle  at  New  Orleans,  was  sent  to  perform  the  work. 

The  Essayons,  after  about  half  completing  a  channel  through  the  bar 
ranging  hx>m  12  to  15  feet  in  depth,  became  disabled  by  the  unexpectexi 
failure  of  her  boilers,  and  was  ordered  to  'Sew  Orleans  for  repairs. 

The  disastrous  result  attending  an  attempt  to  substitute  the  McAlester 
is  reported  in  my  annual  report  of  last  year.  (See  Report  of  Chief  of 
Engineers  for  1878,  Appendix  J  4,  pages  609  and  610.) 

Repairs  to  the  boilers  of  the  United  States  dredgeboat  Essayons,  re- 
l>orted  in  progress  in  my  last  annual  report,  were  completed  and  the 
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Teasel  sailed  for  Sabine  Pass  August  7, 1878,  to  continue  the  work  of 
dredging — 

Ist  In  deepening  and  widening  the  channel  across  the  outer  bar,  and 
then 

2d.  Excavating  a  channel  across  the  reef  that  separated  the  harbor  of 
Sabine  City  from  the  roadstead  inside  of  the  outer  bar. 

The  work  was  continued  until  February  7, 1879,  when  operations  were 
suspended  and  the  Essayons  ordered  to  New  Orleans. 

The  reasons  for  suspension  and  other  particulars  are  given  in  the  Ee- 
port  of  the  Chief  of  Engineers  for  1879,  Appendix  K  4. 

At  the  close  of  the  j&scal  year  ending  June  30, 1879,  the  dredgeboat 
employed  on  this  work  remained  laid  up  at  New  Orleans  and  in  good  con- 
dition, awaiting  further  appropriation,  and  with  a  balance  of  appropri- 
ation on  hand  of  $18,409.23,  which  amount  was  not  considered  sufficient 
for  resuming  the  work  during  the  fiscal  year  ending  June  30, 1880. 

During  the  past  year,  therefore,  the  work  has  remained  suspended, 
with  exception  of  that  required  for  care  of  the  very  valuaWe  property 
pertaining  to  it. 

This  property,  with  all  the  care  that  could  be  given  it,  is  not  to-day  in 
as  good  condition  as  it  was  this  time  a  year  ago,  and  before  being  again 
actively  employed  will  require  some  further  repair. 

By  act  of  Congress  approved  June  14, 1880,  further  appropriation  of 
$50,000  was  made  for  this  work  and  Blue  Buck  Bar.  With  the  balance 
of  last  year's  appropriation  now  on  hand  this  gives  for  re-commence- 
ment of  work  during  the  present  year  the  total  of  $64,775.14,  which 
amount  can  be  exx>ended  during  the  year  in  dredging  to  some  advantage,. 
bat  18  not  considered  large  enough  to  continue  the  work  throughout  the 
jesT.  One  hundred  thousand  dollars  was  the  amount  recommended,, 
and  the  recommendation  was  made  with  a  full  knowledge  of  the  neces- 
sities of  the  case. 

It  is  proposed  daring  the  fall  season  of  the  present  fiscal  year  to  place 
the  dredgeboat  Essayons  again  in  commission  and  employ  her  exclu- 
sively in  deepening  and  widening  the  channel  across  the  outer  bar,  for 
so  long  a  time  as  the  means  afforded  and  the  proper  care  of  the  dredge 
afterward  will  p^mit. 

The  rider  on  the  work,  viz.  Blue  Buck  Bar,  has  no  further  right  to 
connection  with  it  than  that  given  by  association  in  the  act  of  appro- 
priation. 

The  condition  of  this  so-called  bar  in  Sabine  Lake,  above  Sabine  Pass 
and  Harbor,  was  made  the  subject  of  special  survey  and  report  in  1872^ 
^^ee  Beport  of  Chief  of  Engineers  fos  1873,  Appendix  Q  10),  when  it 
was  found  that  there  was  6  feet  of  water  over  it  at  mean  low  tide;  a  little 
greater  depth  said  to  be  available  through  the  lake,  and  3^  feet  over  the- 
bars  of  the  Sabine  and  Neches  rivers  at  the  head  of  the  lake. 

The  navigation  over  Blue  Buck  Bar  1$  now  governed  by  that  over  the 
river  bars,  which  latter  have  recently  been  improved  to  give  5  feet  navi- 
gation, which  is  yet  less  depth  than  that  shown  over  Blue  Buck  by  the 
inirvey  of  1872. 

It  is,  therefore,  proposed  to  treat  the  rider  in  its  connection  with  the 
Sabioe  Pass  work  by  a  simple  examination  and  special  report  afterward,. 
and  by  recommendation  that  it  be  permitted  to  stand  upon  its  own 


It  is  thought  that  there  is  a  ^[rowing  demand  for  some  good  harbors 
oa  tlie  Gulf  coast  west  of  the  Mississippi.  I  have,  in  effect,  said  this  so- 
often  in  previous  rei>orts  that  it  may  at  first  appear  superfluous  to  say  it 
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again.    I  mention  it  becaase  during  the  past  year  I  have  had  to  answer 
many  inquiries  relative  to  Sabine  Harbor. 

I  have  answered,  in  effect,  that  the  location  is  good;  the  harbor  capa- 
cious and  susceptible  of  enlargement,  land-locked,  and  safe  j  the  bar  at 
its  entrance  susceptible  of  improvement  to  any  degree  desired  and  at 
comparatively  small  expense ;  the  country  immediately  tributary  suited 
for  development,  and  the  rapid  growth  of  Texas  and  of  the  countries 
north  and  westward,  with  their  railroad  connections,  such  as  appeared 
to  warrant  improvement  of  the  harbor  and  its  entrance. 

It  will  be  seen  from  this  expression  of  opinion  that  I  think  it  desirable 
that  suitable  appropriation  be  made  for  works  of  improvement  at  the 
entrance  to  the  harbor. 

I  therefore  recommend  appropriation  for  continuing  the  work  during 
the  year  ending  June  30, 1882,  to  the  amount  of  $114,317,  the  amount 
to  be  made  available  for  works  to  be  designed  fcfr  rendering  the  present 
work  permanent. 

The  results  of  the  work  of  dredging  during  the  present  year  while  in 
progress  will  enable  preparation  of  detailed  plans  for  works  assuring 
permanency  of  the  dredged  channel. 

The  latter,  as  was  stated  in  my  report  for  1879,  cannot  be  considered 
as  permanent  unless  it  be  given  some  lateral  protection. 

The  work  is  situated  in  the  coUection  district  of  Galveston,  and  the  nearest  light- 
house is  at  the  entrance  to  the  pass. 

No  commercial  statistics  have  yet  been  obtained. 

Original  estimated  cost |390,317  00 

Amount  appropriated 163,000  00 

Amount  expended 98,224  86 

Money  statement 

Julyl,  1879,  amount  available $18,409  23 

Amount  appropriated  by  act  approved  June  14,  1880 50,  OOO  00 

168, 409  23 

July  1,  1880,  amount  expended  during  fiscal  year 3, 542  89 

Julyl,  18^,  outstanding  Uabilities 91  20 

— ^— ^— —      3, 634  09 


July  1,1880,  amount  available 64,775  14 

Amount  (estimated)  required  for  completion  of  existing  project 114, 317  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  en^ng  June  30, 1882.  114, 317  00 


M    12. 

examination  of  vermillion  river,  louisiana. 

United  States  Engineer  Office, 

New  Orleans^  February  27, 1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  ABsistant 
Engineer  W.  H.  Hoffman  of  an  examination  of  Vermillion  River,  Louisi- 
ana. 

The  act  of  Congress  approved  March  3, 1879,  provides  for  a  survey  or 
examination  of  Bayou  Vermillion^  but  as  the  stream  is  called  Vermillion 
River  on  the  maps  of  this  State  it  is  so  termed  by  Mr.  Hoffman  in  his 
report. 
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Tracings  of  a  chart  drawn  to  a  scale  of  ^^j^  will  be  forwarded  in  a 
separate  package. 

The  recommendations  of  Mr.  Hoffman  as  to  plan  of  improvement  are 
set  forth  in  his  report,  and  are  concurred  in.  His  estimates  are  also 
approved,  the  total  amount  of  which,  viz,  $9^900,  could  be  expended  to 
advantage  on  the  work  during  the  ensuing  fiscal  year. 

The  work  is  not  susceptible  of  permanent  completion. 

I  am  unable  to  furnish  valuable  information  concerning  the  commer- 
cial importance  of  this  work. 

It  is  located  in  the  collection  district  of  New  Orleans.  The  nearest  light-house  is  at 
tbe  entrance  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8.  A, 


REPORT  OF  MR.   W.   II.   HOFFMAN,   ASSISTANT  BNOINEEK. 

New  Orleans,  La.,  January  31,  1880. 

Major  :  I  have  the  honor  to  suhmit  the  following  report  on  the  examination  of  the 
Vennillion  River : 

A  trausit  and  stadia  line  was  carried  from  Pin  Hook  Bridge,  which  is  the  present 
head  of  navigation,  to  the  month  of  the  river,  a  distance  of  49  miles;  sonndings  were 
taken,  and  topography  and  all  obstmctions  noted.    Vermillion  River  starts  from  the 
junction  of  Bayou  Barbeaux  and  Bayou  Fusilier,  and  by  the  Fusilier  it  is  connected 
with  the  Teche.     The  river  flows  through  what  is  known  as  the  Attakapas  region,  a 
high,  slightly-roUing  prairie  country.    The  banks,  for  42  miles  below  Pin  Hook  Bridge, 
are  of  red  clayey  sou,  above  all  overflow,  except  strips  of  marsh  occasionally  found 
Irom  50  to  100  feet  in  width.    Trees  grow  upou  both  banks  for  the  first  42  miles  to  an 
average  width  of  100  feet,  and  are  the  only  timber  near.     The  remaining  7  miles  to 
the  month  is  sea-marsh,  covered  at  high-tides.     Pin  Hook  Bridge  has  no  draw,  but 
one  could  easily  be  made  in  it.    Only  at  great  freshets  would  there  be  water  sufficient 
for  navigation  were  the  obstructions  in  the  chaimel  above,  connecting  it  witli  the 
Teche,  removed ;  but  the  supply  of  water  is  fully  sufficient  for  slack- water  navigation, 
with  lock8  to  retain  the  water  at  the  height  necessary  for  it  to  pass  the  Fusilier.    The 
VermiUion,  at  Pin  Hook  Bridge,  is  wide  and  deep  enough  for  small  steamboats.    The 
tide  in  the  Gulf  determines  the  height  here  entirely,  except  during  freshets.     There  is 
a  tilight  enrrent  at  low  tide.     The  right  bank  is  about  20  feet  high  at  the  bridge,  and 
the  &ft  5  to  7  feet.    The  first  4  miles  is  now  so  filled  by  snags,  logs,  and  trees  blown 
in  during  the  September  gale  as  to  be  impassable.     There  are  also  many  overhanging 
trees  on  the  banks.    A  shoal  at  the  end  of  the  second  mile  is  caused  by  a  prairie  coulee, 
and  has  but  2  feet  water  at  low-tide.    At  Four-mile  Point  the  steamers  now  stop  and 
transfer  freight  for  Vermillionville  to  flatboats,  which  are  poled  up  to  the  bridge. 
The  river  below,  to  the  ninth  mile,  is  narrow  and  much  obstructed  by  overhanging 
and  faUen  trees  and  snags.    There  are  also  four  shoals,  the  first  of  which  is  but  10 
feet.long,  and  appears  to  be  of  logs  across  the  bayou,  having  but  2  feet  over  them  at 
iow-waler,  and  4  feet  on  either  side.     The  next  is  caused  by  a  ditch  from  the  high 
land,  the  other  two  by  prairie  coulees.    These  shoals  cause  much  delay  to  steamers, 
as  they  can  cross  only  at  high  tide ;  their  removal  by  dredging  and  closure  of  the 
channels  causing  them  will  help  navigation.    lYom  the  ninth  to  the  twentieth  mile 
the  least  depth  is  4  feet  at  low-water,  which  is  sufficient  for  the  boats  in  the  trade. 
There  are  a  few  snags  and  some  overhanging  trees.    Below  the  twentieth  mile  the 
river  gradually  increases  in  width  and  depth  to  its  mouth ;  the  only  obstructions  are 
a  few  snags.    Abbeville  is  on  the  twenty-fourth  mile,  and  is  the  largest  town  on  the 
river,  and  the  shipping  point  for  the  region  to  westward.    The  river  enters  Vermillion 
Bay  in  a  little  cove  at  its  western  end,  which  is  a  good  harbor  at  its  mouth ;  but  there 
14  a  shoal  bar  between  this  oove  and  the  bay,  over  which  the  depth  at  low-tide  is  but 
'i  feet.    The  channel  could  probably  be  improved  by  making  a  jetty  of  brush  or  cane 
fascines  from  the  shore  to  the  island,  shutting  off  the  incoming  current  over  the  mud 
flat  at  rising  tide  and  forcing  it  to  follow  the  course  taken  by  ebb-tide,  which  is  the 
( hannel  followed  by  boats.    A  chart  of  the  river  is  made  on  a  scale  of  -^itW- 
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« 

The  estimated  cost  of  impTOYements  below  Pin  Hook  Bridge  is  as  follows : 

Clearing  and  removal  of  snags  5  miles  from  bridse,  at  |200 |1,<K>0 

Clearing  and  removal  of  snags  next  15  miles,  at  flOO 1, 500 

22,000  yards  dredging  at  mouth,  at  25cent« 5,500 

Jetty • 1,000 

Engineering  and  contingenoies,  10  percent.... 900 

Total 9,900 

The  commerce  to  be  benefited  is  that  of  Vermillionville  and  Abbeville,  with  the 
surrounding  country. 

Yours,  re8x>ectfully,  W.  H.  Hoffman, 

A99i9tant  Sngweer, 
M^j.  C.  W.  Howell, 

Corps  of  Engineers,  U,  8.  A. 


examination  of  bayou  teche,  louisiana. 

United  States  Engineer  Office, 

New  Orleans^  February  27, 1880. 

General  :  I  have  the  honor  to  submit  herewith  the  report  of  Assist- 
ant Engineer  H.  G.  GolHns,  of  an  examination  of  Bayou  Teche,  Louis- 
iana, provided  for  in  act  of  Congress  approved  March  3, 1879. 

Tracings  of  chart,  drawn  to  a  scale  of  -sVoir?  ^^1  ^  forwarded  in  a 
separate  package. 

Beoommendations  of  Mr.  Collins  as  to  plan  of  improvement  are  set 
forth  in  bis  report  and  are  concurred  in.  His  estimates  are  also  ap- 
proved. The  whole  amount  can  be  expended  to  advantage  during  the 
ensuing  fiscal  year,  viz,  $58,190. 

I  am  unable  to  furnish  valuable  information  concerning  the  commer- 
cial importance  of  the  work. 

It  is  located  in  the  collection  district  of  New  Orleans.    The  nearest  light-house  is 
at  the  entrance  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers, 
Brig.  Gen.  H.  6.  Wright, 

Chief  of  Engineers^  U,  S.  A. 


REPORT  OF  MR.   H.   C.  COLLINS,   ASSISTANT  RNGINRER. 

New  Orleans,  La.,  January  31,  1880. 

Major  :  After  delivering  to  Mr.  Elms  the  inHtniments  and  instraptions  for  the  survey 
of  the  Courtablean,  I  made  an  examination  of  the  Teohe.  Mr.  Harrod,  the  State  engi- 
neer of  Louisiana,  gave  me  the  notes  of  a  oompasH  line  and  the  level  notes  which  had  been 
taken  on  a  survey  made  by  Mr.  d'Hemeconrt  and  Mr.  Elms.  As  this  survey  had  been 
made  so  recently,  it  was  only  thought  necessary  to  go  over  the  country  and  take  tho 
notes  of  topography  and  soundings  and  get  some  other  informaftion  which  was  not 
contained  in  the  notes. 

Mr.  Harrod's  survey  ext<ends  from  Washington,  on  the  Courtablean,  to  Saint  Martins- 
ville. A  survey  was  made  by  Mr.  Duke,  under  your  direction,  in  1670,  and  I  had  a 
tracing  of  this  chart  also,  to  see  what  changes  had  been  made  below  Saint  Martinsville 
since  it  was  before  surveyed,  and  the  present  obstructions  in  it.  It  was  extreme  low- 
water  in  aU  the  west  delta  bayous  at  the  time  of  the  examinations  in  August,  1S79,  as 
there  had  been  an  unusually  long  drought,  and  there  is  probably  never  any  less  water 
than  there  was  at  that  time.  Bayou  Teche  leaves  the  Courtablean  at  Barry's  Landing, 
but  the  ujipor  portion  of  it  ho  tilled  that  no  water  runs  down  it  with  less  than  au 
b-foot  risi'  of  the  Conrtahleau,  and  with  a  rise  of  15  feet  the  channel  leavinj;  the 
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CoiirtablpAa  has  a  Hnrface  width  of  bat  30  feet.  Small  as  this  channel  iH,  a  large  part 
of  it  for  the  first  4  miles  is  filled  by  standing  trees,  which  grow  even  down  to  the 
bottom  of  it,  and  with  overhanging  trees,  bnshes,  and  logs  and  fallen  trees.  The 
lianka  are  above  the  high-water  of  1874,  which  was  the  highest  known.  They  are 
f'Dtirely  of  Rati  River  deposit.  During  the  high-water  of  1874,  fiatboats  loaded  with 
lumber  and  fencing  material  parsed  down  through  this  channel,  but  it  could  only  be 
o*p(i  at  very  high  water,  when  the  lower  willow  trees  were  so  covered  with  water  that 
boit«  could  bend  them  down  and  pass  over  them. 

For  the  greater  part  of  the  year  only  a  little  stream  of  water,  the  drainage  of  the 
.*<priDgs  in  tne  bank,  finds  its  way  down  this  channel,  and  4  miles  from  the  Courtableau 
tie  bott<nn  of  the  channel  is  6  feet  above  low-water  in  the  Courtableau.  How  much 
bigher  the  top  of  the  divide  is,  there  is  no  data  in  the  notes  to  show.  At  Leon^s  Bridge, 
which  is  13  miles  from  the  head  of  the  Teche,  the  extreme  low- water  surface  at  the 
time  of  the  survey  was  4i  feet  above  the  low- water  surface  in  the  Courtableau^  and  it 
wn  at  the  time  backwater,  all  entering  from  above  the  bridge  being  so  little  as 
Kuely  to  supply  the  evaporation  in  the  pool  of  6  miles  backwater  above  the  mouth  of 
the  Fusilier. 

3fr.  Harrod's  survey  was  not  made  by  way  of  Barry^s  Landing,  but  left  the  Cour- 
tableau about  a  mile  below  Washi&gton,  passing  up  the  Caron  for  2  miles  to  the  head 
<tf  the  Maricoquaut,  which  nms  to  southward  from  the  Caron.  Above  this  point  the 
Oaron  is  but  a  rainwater  channel ;  and,  below,  its  banks  are  like  those  of  the  Courta- 
bleau and  Teche  of  Red  River  deposit,  as  are  those  of  the  Maricoquaut,  which  from 
the  Caron  to  the  junction  of  the  Teche,  4  miles  fr^m  Barry's  Landing  and  9  miles 
from  the  Caron,  is  but  a  small  channel,  and  at  the  high-water  of  1874  it  had  but  4^ 
feet  depth  on  the  top  of  the  ridge  over  which  it  runs,  Just  below  the  place  where  it 
]eive«  the  Caron.  It  is  much  overgrown  with  trees,  and  there  is  no  chance  for  any 
Irrigation  by  it.  For  the  9  miles  it  only  consists  of  a  series  of  pools,  except  during 
very  high  water. 

TTie  fall  horn  the  fourth  mile  to  the  thirteenth  in  the  Teche  is  but  little,  but  the 
channel  is  much  obstructed  by  trees  standing  in  it.  The  banks  are  everywhere  above 
the  high-water  of  1874,  and  are  bordered  by  cultivated  fields  for  much  ot  the  distance. 
A  road  follows  the  top  of  the  bank  on  each  side  of  the  bayou,  and  from  the  extreme 
iKtttom  to  the  road  trees  are  quite  thick.  At  the  nineteenth  mile  the  Fusilier  enters 
from  the  we«t,  and  from  it  comes  the  entire  low-water  supply  for  the  Teche. 

At  the  time  of  the  examination  in  August  the  cross-section  of  the  Fusilier  was  175 
i^oare  feet  at  it-s  mouth,  and  the  velocity  of  the  current  was  about  2  feet  per  second. 

There  are  large  cypress  swamps  a  short  distance  up  the  Fusilier  which  act  as  reser- 
voirs and  prevent  any  sudden  rise  of  the  stream  at  its  mouth,  though  above  the 
!*wamps  it  must  be  subject  to  great  fluctuations,  as  it  takes  the  draina>^e  of  a  large 
area  of  prairie  and  hill  country.  There  is  a  chaimel  which  forms  the  head  of  the 
Vermillion,  and  when  the  MiMsissippi  is  very  high  and  much  water  comes  down  the 
Teche  from  the  Courtableau,  the  current  runs  up  the  Fusilier  and  down  the  Vermil- 
lion. The  banks  of  the  Teche  like  those  of  the  Courtableau  at  Washington  are  several 
•♦•♦-t  above  the  highest  floods.  The  overflow  from  the  Lower  Courtableau  covered  the 
land  east  of  the  Teche  to  within  a  few  hundred  feet  of  the  top  of  the  ridge  forming  the 
>iank  of  the  Teche.  the  drainage  being  from  the  Teche  towards  the  Atchafalaya  bayou 
and  lakes.  I  was  told  that  they  nowhere  connected  except,  possibly,  through  some 
'iitfhes.  Mr.  Elm's  levels  gave* the  fall  in  the  Teche  from  Amaudville  at  the  mouth 
t'f  the  Fusilier  to  Saint  Martinsville  as  10.2  feet.  The  distance  is  30  miles.  Breaux 
Brid||pe  is  15  miles  below  Amaudville,  and  7  feet  of  this  fall  is  in  this  15  miles.  The 
remaining  3.2  feet  is  between  there  and  Saint  Martinsville.  Except  at  lowest  water  a 
^mall  steamer  runs  from  Breaux  Bridge  to  Saint  Martinsville  and  connects  there  A^ith 
lander  one«  which  run  on  the  Teche  below  at  all  stages  of  water. 

Between  AmaudviUe  and  Brenx  Bridge  there  is  an  almost  continuous  line  of  over- 
banging  trees  on  one  or  the  other  side  ofthe  bayou,  and  in  many  places  on  both  sides, 
rben  are  also  many  logs,  the  remains  of  old  live-oak  trees  which  had  fallen  in.  The 
channel  is  also  much  obstructed  by  bars  at  the  entrance  of  drainage  canals  or  ditches 
^hich  have  been  cut  into  the  bayou  from  fields  on  its  banks  to  save  long  drains  back, 
%hd  m  rains  much  mud  from  the  alluvial  soil  of  the  fields  is  washed  into  the  bayou. 
Tbii«  ditches  are  all  quite  recent  and  the  bars  are  yet  but  short,  though  filling  usu- 
tily  aboat  half  the  cros8*section  at  low-water.  In  some  cases  there  was  a  bar  100 
^x  long,  bnt  seldom  more  than  40  or  50  feet  in  length,  lietween  these  bars  there 
VM  nsiially  3  to  6  feet  depth  and  a  width  of  40  to  70  feet.  At  the  height  of  the  flood 
■f  1*74,  the  bayou  was  here  200  to  350  feet  wide.  The  depth  is  greater  on  tops  of 
'*i^«e  drainage  bars  below  Breaux  Bridge,  and  it  is  seldom  at  extreme  low- water  loss 
'Han  2  feet,  and  the  pools  between  have  o  to  8  feet  depth  with  a  width  of  40  to  80  feet. 
TV  hiffh-water  crom-section  is  very  nearly  the  same  as  that  above  as  far  down  as 
^ittit  Martinsville. 

Ther**  an*  no  short  bends,  bnt  the  bayon  runs  in  long  sweeping  bends  with  gentle 

tr^%.     Prom  Saint  MartiuHville  to  New  Iberia  I  counted  41  snags,  which  are  more 
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or  less  obstrnctlous,  aud  5  stumps  of  tree«  which  have  been  cut'off  too  high,  and  at 
some  stages  of  water  form  very  serious  obstructions.    There  are  16  of  the  bars  caused  by 
drainage  ditches,  which  will,  if  they  are  to  be  removed,  require  each  an  average  exca- 
vation of  about  500  cubic  yards;  some  of  these  bars  would  be  much  less  than  tliis,  and 
can  now  be  passed  with  no  trouble,  but  all  are  mowing  with  every  hard  rain.    Them 
are  not  more  than  20  standing  trees  which  would  ueed  removal.    There  is  one  wreck  at 
Saint  Martinsville,  which  is  very  much  in  the  way  at  very  low  water,  but  only  one 
side  r(M[uiresto  be  taken  off;  this  would  leave  suflicient  room  for  passage.    Only  stem- 
wheel  steamers  run  above  New  Iberia.     For  nearly  10  miles  above  New  Iberia  the  depth 
at  extreme  low- water  is  6  to  12  feet.    The  banks'  are  but  little  washed  and  there  has 
been  no  other  shoaling  than  that  due  to  the  drainage  canals ;  but  at  New  Iberia  the  con- 
dition of  the  bayou  changes  entirely.    The  width  and  depth  I  was  told  were  formerly 
very  much  like  the  first  10  miles  above,  but  now  the  width  is  nearly  double  what  it 
foniierly  was,  and  for  several  miles  its  low-water  depth  is  but  2^  to  4  feet,  and  the 
depth  is  almost  exactly  the  same  for  nearly  the  entire  width  of  the  bayou.    The  cross- 
se^'tion  above  New  Iberia  is  a  natural  one,  deep  in  the  middle  and  shoaling  towards 
the  e<lge8  gradually.    The  cause  of  this  injury  to  the  baj'ou  must  be  determined  be- 
fore any  plan  can  be  made  for  the  improvement  of  it.    The  entire  change,  so  far  as  it 
obstructs  navigation,  has  taken  place  since  1860,  but  it  was  probably  in  process  for 
years  before  that  time,  uunotit'ed  because  it  had  not  interfered  with  the  navigation. 
When  the  banks  were  cleared  and  roots  of  the  trees  gi*adually  rotted,  it  was  less  pro- 
tecti*d  from  washing  than  it  had  been  while  lined  by  almost  a  continuous  row  of  cy- 
press trees.    Side- wheel  steamboats,  such  as  are  used  below  New  Iberia,  and  not  above, 
are  so  constructed  that  there  is  a  strong  current  from  their  wheels  washing  the  bot- 
tom from  some  distance  away  from  the  mid-channel  out  to  the  banks,  but  no  current 
at  all  in  the  middle,  consequently  the  heavier  portion  of  the  material  washed  up  is 
deposited  in  mid-channel  behind  the  boat,  and  the  swell  of  the  boat,  which  is  greater 
than  that  from  a  stem-wheel  boat,  washes  the  banks,  and  causes  the  widening  of 
the  surface.    The  stem-wheel  boat  spends  the  force  or  its  engine  on  the  one  wheel 
at  its  stem,  and  the  curre.nt  from  it  washes  up  the  bottom  in  the  center   of  tho 
bayou  only,  and  the  tendency  of  the  heaviest  part  of  the  material  washed  up  would 
be  to  the  more  quiet  water  of  the  sides.    $o  it  would  have  a  tendency  gra<lually 
to  improve  the  navigation,  while  the  side-wheel  boat  far  more  rapidly  destroyed  it. 
Were  the  bayou  wide,  so  that  boats  t<)ok  difierent  paths  in  passing  up  an<r  down 
stream,  it  would  probably  make  little  if  any  dift'ereuce  whether  side  or  stern  wheel 
boats  were  used,  but  the  Techo  is  so  uarrow  that  all  boats  follow  very  nearly  ouv. 
path.     The  fall  from  New  Iberia  to  the  Gulf  is  probably  but  very  slight,  as  the 
current  is  up  or  down  with  the  tide  at  low  river,  and  there  is  a  sufficient  depth  from  a 
few  miles  above  Charentou  down  to  tUe  mouth  of  the  bayou  for  all  navigation.     There 
are  no  overhanging  trees  and  very  few  snags  below  New  Iberia,  they  having  been  re- 
moved in  1872  and  1873,  under  an  appropriation  by  Congress. 

The  only  means  available  to  make  good  navigation  of  the  Teche  for  the  year  is  to 
make  such  dams  and  locks  as  are  recommended  for  the  Courtableau,  and  except  ut 
high-water  have  slackwater  navigation,  giving  locks  a  width  of  4.'>  feet  in  the  clear  «o 
as  to  allow  the  passage  of  stern- wheel  boats,  but  not  wide  enough  to  allow  side- wheel 
boats  to  pass. 

The  abutments  of  these  locks  would  remain  during  high- water,  but  the  gates  would 
be  open  and  the  needles  of  the  dams  removed  for  free  passage  of  the  current,  so  that 
the  sediment  deposited  would  be  swept  out,  as  at  present,  at  high  river. 

The  data  of  the  level-line  and  other  information  obtained  shows  that  3  locks  with 
about  7  feet  lift  each  will  carry  ^ood  low- water  navigation  to  Leon's  Bridge.  If  condi- 
tions remain  as  they  have  been  tor  the  past  ten  years,  the  end  of  all  low-water  naviga- 
tion in  the  bayou  does  not  appear  to  be  very  distant.  The  present  low-water  supply  of 
the  Fusilier  is  ample  for  lockage,  but  an  increase  of  it  to  almost  any  required  extent 
can  be  had  by  storing  the  llood  supply  in  the  cypress  swamps  above  Arnaudville  ou 
the  Fusilier.  The  only  limit  would  be  the  amount  of  evaporation  in  protracted  droughts, 
and'the  one  of  July  and  August,  1879,  was  an  unusually  long  one,  yet  there  was  a  dis- 
charge at  Arnaudville  of  350  cubic  feet  per  second ;  it  was  greater  there  than  below, 
as  that  was  the  only  wati^r  entering  it  at  the  time. 

Any  attempt  at  connecting  the  Teche  and  Courtableau  by  slack-water  navigation 
up  the  Teche  would  require  such  an  amount  of  dredging  as  would  make  it  impracti- 
cable, and  the  supply  of  wat«r  at  extreme  low  stages  might  be  found  insufficient  for 
lockage.     With  tiie  improvements  made  in  other  directions  this  would  not  be  nee<led. 

The  commerce  of  the  Teche  is  very  great.  The  entire  supplies  of  a  large  part  of  the 
best  portion  of  Louisiana  are  received  by  this  route,  and  the  fuel,  fencing,  aud  material 
for  buildings,  as  well  as  all  ordinary  supplies,  are  brought  up  the  stream ;  tlie'  export^H 
being  sugar,  cotton,  cattle,  and  many  other  products  which  are  shipped  chiefly  to  New 
Orleans.  I  was  told  that  the  Teche  country  produced  more  sugar  than  any  other  equal 
area  of  the  State,  and  that  it  is  possible  with  increased  facilities  for  production,  8U(*h 
as  cheaper  freights  and  possibility  of  shipment  at  any  time  of  year,  to  inci^ase  the  sugar 
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crop  of  this  reeion  to  far  more  than  the  present  entire  production  of  the  State.  The 
UTJgatiou  of  the  Teche  is  so  connected  with  that  of  the  Atchafalaya  and  the  various 
routes  of  communication  between  that  stream  and  the  Mississippi  River,  and  also 
vith  improvement  of  the  other  delta  bayous  De  Glaise,  Courtableau,  Atchafalaya, 
Plaquemine,  and  Vermillion,  that  one  general  plan  should  be  adopted  and  carried  out, 
viz,  makiug  slackwater  in  the  various  smaller  bayous,  and  connecting  all  of  them 
with  the  great  central  channel  of  the  Atchafalaya  at  different  points,  and  providing 
for  its  permanent  connection  with  the  Mississippi,  either  through  Red  River  or  Pla- 
qnemiue. 
The  estimate  for  improving  the  Teche  would  be  as  follows : 

Removing  snags  and  stumps  between  New  Iberia  'and  Saint  Martinsville $i,  500 

Removing  snags  and  trees  from  Saint  Martinsville  to  Breaux  Bridge,  15  miles, 

atllOO  per  mile : 1,500 

RemoTing  snags  and  trees  from  Breaux  Bridge  to  Amandville,  15  miles,  at  |200 

per  mile 3,000 

Removing  snags  and  trees  from  Amaudville  to  Leon's  Bridge,  6  miles,  at  $150 

per  mile 900 

Dam  and  southwest  outlet  of  the  Fusilier  swamps 1,000 

Three  needle  dams  and  locks,  at  $15,000  each 45, 000 

£DgiDeering  and  contingencies,  10  per  cent 5, 290 

Total 58,190 

Xo  estimate  is  included  in  the  above  for  dredging,  but' it  is  because  if  slackwater 
pavij^ation  is  determined  on  there  will  be  sufficient  depth  on  these  bars,  and  by  clos- 
ing ditches  and  turning  drainage  in  the  other  direction,  the  bars  will  probably  disap- 
pear. It  nwy  be  found  that  on  deepening  the  upper  portion  of  the  bayou  by  raising 
the  water-surface  there  will  bo  some  little  dredging  of  bars  needed  below  the  lower 
<iam  to  make  the  increased  depth  above  available ;  but  if  so,  and  if  a  change  in  the 
daaft  of  boats  to  stem-wheel  boats  should  not  of  itself  remedy  the  evil  of  these  bars, 
it  will  be  soon  enough  then  to  dredge  the  few  lower  bars  when  the  locks  are  made. 

A  chart  of  the  survey  is  made  on  a  scale  of  jniVoy  ^^  ^^^  down  as  Saint  Martinsville, 
below  which  the  chart  made  by  Mr.  Duke  gives  all  the  available  data. 
Yours,  respectfully, 

H.  C.  Collins, 
Assistant  Engineer, 
Maj.  C.  W.  Howell, 

Car[n  of  Engineers^  U.  S.  A, 


examination  of  bayou  couetableau,  louisiana. 

United  States  Engineer  Office, 

New  OrlmnSj  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  H.  C.  Collins  on  examination  of  Bayou  Courtableau,  Louis- 
iana, provided  for  in  act  of  Congress  approved  March  3, 1879.  Tracings 
of  chart  drawn  to^a  scale  of  j^^^  will  be  forwarded  in  a  separate  pakage. 

The  recommendations  of  Mr.  Collins  as  to  plan  of  improvement  are  set 
forth  in  his  report,  and  are  concurred  in.  His  estimates  are  also  ap- 
proved ;  $60,000  could  be  expended  to  advantage  on  the  work  during  the 
ensuing  fiscal  year. 

The  work  will  constitute  a  permanent  improvement  in  the  ordinary 
acceptance  of  the  word  permanent. 

The  importance  of  the  work  and  all  information  obtainable  concern- 
ing the  commercial  statistics  are  given  in  the  report  of  Mr.  Collins. 

The  work  u  located  in  the  collection  district  of  New  Orleans.  The  nearest  light- 
^Qse  is  at  the  entrance  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Afajar  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 
Chief  of  Engineers^  U.  8.  A. 
74  £ 
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REPORT  OF  MR.   H.   C.   C0LLIK8,   ASSISTAlTr  EXOIXBER. 

New  Orleans,  La.,  January  31,  1880. 

Major:  Ihave  the  bouor  to  submit  4;be  following  report  of  the  examination  and 
surveys  of  Bayous  Boeuf  and  Courtableau,  from  tne  bead  of  the  Lamourie  to  the 
junction  with  the  Atchafalaya  River. 

The  bayou,  though  bnviug  two  names  in  different  parts  of  its  course,  is  really  one 
stream,  and  has  been  so  considered  in  making  this  examination.  Its  former  source 
was  the  Red  River,  and  it  empties  into  the  Atchafalaya  River. 

Bayou  Robert,  which  once  brought  the  water  from  Red  River  and  furnished  a  large 
portion  of  the  water  of  this  bayou,  was  closed  many  years  ago,  and  with  it  all  upper 
connection  with  Red  River  ceased.  'The  water  at  low  stage,  which  now  forms  the 
stream  at  the  beginning  of  this  sur^^e}"^,  comes  from  the  pine  woods  hills  on  the  south 
side  of  Red  River  and  to  the  westwanl  of  the  bayou.  Above  the  beginning  of  the 
survey  is  a  large  cypress  swamj),  which  forms  a  reservoir  and  prevents  any  sudden 
floodH  from  rains  in  the  hill  country. 

At  the  low- water  stage  of  the  bayou  about  two-thirds  the  water  coming  from  above 
is  lost  down  the  Lamourie. 

A  very  small  portion  of  the  water  now  running  down  the  Lamourie  would  suffice  for 
all  necessities  of  thp  few  plantations  on  its  banks ;  and  closure  of  the  bayou  at  its  head, 
excepting  what  water  was  needed  for  them,  would  give  fully  double  the  present  amount 
in  Bayou  Boeuf. 

The  banks  and  country  on  each  side  of  the  Boeuf  are  of  red  soil,  which  is  evidently 
the  deposit  of  Red  River.  The  banks  are  nowhere  caving,  and  are  several  feet  higher 
than  the  highest  floods. 

The  descent  is  from  the  immediate  banks,  away  from  the  bayou  on  each  side,  to  low 
cypress  swamps. 

The  slope  varies  greatly,  as  the  banks  of  the  bayou  are  very  uniform  in  their  height, 
as  are  the  cypress  swamps,  and  the  distance  from  the  bank  to  the  swamp  varies  be- 
tween one-quarter  of  a  mile  and  3  or  4  miles.  No  levels  were  run  across  the  valley  to 
determine  the  difterences  of  level  between  the  top  of  the  bank  and  the  cypress  swamp 
back  of  the  fields,  but  it  is  probably  1*2  or  15  feet. 

The  bayou  runs  in  great,  sweeping  bends,  such  as  would  be  foimed  by  a  stream  larger 
than  it  now  is,  and  it  had  at  some  time  sufficient  water  supply  to  oveAow  its  banks  at 
high  river,  and  sufficient  current  to  wear  away  its  banks,  as  the  bends  are  such  as  are 
made  by  caving  banks. 

Since  the  present  conditions  have  been  in  operation  the  banks  have  become  covered 
with  trees  and  bushes  from  their  tops  to  about  the  low-water  line,  and  in  many  places 
cypress  trees  of  great  size  have  grown  in  the  bed  of  the  stream  or  on  its  immediate 
banks,  and  where  they  have  been  cut  their  stumps  remain  as  low-water  obstructions. 

The  banks  are  everywhere  cultivated,  from  the  top  of  the  ridge  near  the  bayou,  back 
near  to  the  cypress  swami>s. 

Drainage  is  back  to  the  swamps  except  in  those  bends  where  cut-offs  had  almost  taken 
place  at  the  close  of  the  period  of  caving  banks. 

The  lands  are  very  fertile,  and  immense  crops  of  cane,  cotton,  and  corn  are  raised. 

The  bayou,  at  the  low-water  stage,  is  very  much  too  small  for  90  miles  above  Wash- 
ington for  navigation,  even  with  the  smallest  boats,  as  it  is  but  1  foot  in  depth  in  many 
places,  and  any  deepening  of  these  places  would  but  draw  off  the  water  of  the  pool 
above,  and  perhaps  transfer  the  position  of  the  shoal,  but  not  in  the  least  increase  the 
depth  for  purposes  of  navigation. 

Closure  of  Bayou  Lamoui-ie  would  furnish  water  enough  to  make  a  low- water  chan- 
nel of  2|  feet,  except  at  periods  of  long  droughts,  and  were  the  logs  in  the  bed  removed 
and  the  overhanging  trees  cut,  would  probahly  afford  a  depth  of  4  feet  or  more  for  the 
winter  months,  w^hen  there  is  most  rain. 

The  small  barges  which  are  at  present  used  can  take  freight  on  this  depth,  and  the 
steamers  can  tow  them;  but  for  any  really  useful  low-water  transportation,  locks  and 
slackwater  navigation  will  be  needed.  The  survey  of  the  upper  portions  of  the  bayou 
to  within  a  few  miles  of  Washington  was  made  by  Mr.  George  O.  Elms,  and  that  below 
was  made  by  myvself,  with  his  assistance. 

The*  cross-section  made  above  the  head  of  Lamourie  givea  a  low-water  area  of  540 
square  feet  in  the  pool  where  the  cross-  section  was  made. 

At  the  extreme  hi^h- water  of  1874,  3,040  square  feet  area  and  the  tops  of  the  banks 
8  feet  higher  would  increase  this  cross-section  area,  if  they  were  full,  2,720  square  feet, 
showing  that  the  channel  is  capable  of  carrying  double  the  water  found  in  it  at  the 
highest  floods. 

The  cross-section  of  the  Lamourie,  nearly  2  miles  below  its  head,  gave  an  area  in 
the  pool  at  low-water  of  100  square  feet,  and  at  the  height  of  high-water  of  1874  of 
620  square  feet.    The  tops  of  the  banks  were  3  feet  above  this  heij^t. 

The  depth  on  the  first  ripple  below  the  Lamourie,  on  the  Boeu^was  but  1  foot,  and 
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its  extreme  width  bat  40  feet,  giving  a  cross-section  area  at  extreme  low- water  of  but 
«feet. 

The  entrance  of  Bayon  Clear,  at  the  middle  of  the  fourth  mile,  rather  more  than 
doobles  the  amount  in  the  Boenf.     It  comes  from  the  hills  west  of  the  delta  valley. 

On  the  twelfth  mile  is  a  small  bayou  which  enters  from  the  west.  Below  this  all 
the  west  side  drainage  goes  to  the  Cocodrie  Swamps,  which  here  form  the  west  side 
of  the  valley  and  border  on  the  west  hills.  That  on  the  east  side  finds  its  way  through 
Avamp  channeU  to  Bayon  Huffpower  and  Bayon  Ronge. 

No  stream  enters  and  none  leaves  until  we  reach  the  Huffpower,  on  the  forty-third 
mile,  which  is  an  old  channel  leading  to  the  westward,  and  much  more  filled  by  late 
deposits  than  the  Boenf,  and  is  dry  at  its  head,  with  a  rise  of  less  than  7  feet  in  the 
BMQf.  It  therefore  does  not  in  the  least  injure  navigation  in  the  Boenf,  as  when  there 
ii  a  Ill-foot  rise  but  a  very  small  stream  runs  down  the  Huffpower,  and  there  is  no 
risk  of  its  again  cutting  out  to  take  any  large  amount  of  water  from  the  Boenf,  as  it  is 
decreasing  and  has  little  fall. 

The  banks  are  almost  perfectly  uniform  from  here  to  the  mouth  of  the  Cocodrie, 
which  enters  from  the  west  at  the  end  of  the  eighty-sixth  mile,  and  below  the  mouth 
of  which  the  name  is  changed  to  Courtablean. 

The  cross-section  is  ahnost  exactly  the  same  as  at  the  head  of  the  survey.  Thoi 
banks  are  of  equal  height  above  the  high- water  marks,  being  evt^ywhere  covered 
with  overhanging  trees. 

The  betl  of  the  bayou  has  many  logs  and  stumps  anJ  some  standing  cypress  and 
xnm  trees.  There  are  frequent  bridges,  all  ot*  which  have  draws  for  passage  of  steam- 
s-re. The  depth  on  the  ripples  is  but  1  foot  at  extreme  low- water,  and  iu  its  uarrow- 
'•^^tplaee  the  width  is  but  about  '20  feet. 

The  overhanging  trees  are  so  thick  that  a  rise  which  would  give  good  navigation 
Were  they  removed  will  only  permit  small  steamers  with  a  width  of  about  20  teet  to 
pasH,  and  they  have  smoke-stacks  with  joints  to  lower  fur  passing  under  low  trees. 

Some  years*  ago  a  lock  was  begun  by  a  stock  company,  under  an  appropriation  from 
the  State.  It  was  located  at  tuo  upper  end  of  a  shoal  600  feet  long,  which  is  found 
just  above  the  junction  of  the  Boenf  and  Cocodrie.  It  would  not  have  been  of  any 
a'^'if  it  hiwl  been  completed,  which  it  never  was,  as  when  there  was  water  enough  to 
;;et  to  it  there  was  enough  to  do  without  it.  It  now  forms  a  slight  obstruction  where 
one  comer  projects  into  the  channel,  but  it  can  be  easily  removed. 

The  amount  of  water  coming  down  the  Cocodrie  at  low-water  is  more  than  double 
that  which  comes  in  from  the  Boenf.  The  west  bank  of  the  Courtableau  here  at  its 
head  is  also  the  west  side  of  the  delta  valley^  and  high  bluffs  form  the  west  bank  of 
the  hayou,  rising  100  feet  or  more  within  hair  a  mile. 

One  mile  below  the  junction  a  cross-section  was  taken,  at  a  place  where  there  was 
»  cnrrent  of  about  1  foot  per  second  at  the  time,  which  was  extreme  low-water.  The 
low-water  area  was  180  square  feet,  and  that  at  the  height  of  the  1874  wat€r-mark 
was  3,400  square  feet;  this  was  several  feet  below  the  top  of  the  bank  and  is  the  high- 
est water-mark  observed. 

Alrbongh  the  alluvial  bank  on  the  east  side,  and  all  that  above,  is  nowhere  caving, 
the  hank  does  cave  all  along  the  bluff  land  at  every  place  where  the  stream  touches  it. 

The  town  cS  Washington  has  half  a  mile  front  on  the  bayou  on  the  fourth  mile,  and 
the  3^  miles  above  it  are  lined  with  overhanging  trees  on  both  sides,  and  there  are 
many  lop  in  the  channel  as  on  the  Boenf  above. 

Washmgton  is  situated  on  the  west  bank  on  a  bluff  formation,  and  it  is  a  place  of 
iimch  importance  as  a  shipping  point  for  a  large  amount  of  freight,  and  head  of  navi- 
gation for  the  larger  boats  during  a  great  portion  of  the  year. 

There  is  a  draw -bridge  about  the  center  of  the  town,  and  a  cross-section  taken  from 
|t  gave  a  low-wat«r  area  of  140  square  feet,  and  at  the  height  of  1874  high-water  mark 
it  waa  3,590  sqnare  feet ;  the  rise  at  that  time  was  23  feet  above  extreme  low-water, 
yet  was  several  feet  below  the  top  of  the  east  alluvial  bank. 

There  are  very  few  overhanging  trees  below  Washington,  but  near  the  middle  of 
the  fifth  mile  is  a  saw-mill,  where  for  nearly  half  a  mile  the  old  saw-logs  and  butts  of 
logs  which  have  been  cut  off  and  rolled  in  form  a  complete  blockade,  with  leas  than  a 
3-foot  rise.    All  of  them  must  be  taken  out. 

The  shoalest  places  have  about  2  feet  of  water  at  extreme  low.  On  the  sixth  mile 
^f  on  Caron  joins  the  Courtableau  from  the  west,  and  with  less  than  a  12-foot  vise  of 
the  Courtableao  it  rnns  into  it,  but  there  is  a  connection  2  miles  above,  through  the 
Hancoqnant,  which,  with  a  rise  greater  than  that  in  the  Courtableau,  takes  the  Witter 
to  the  southward,  to  the  Teche.  The  Caron  to  this  junction,  the  Maricoquant,  and 
the  Tecbc  below,  all  haveuthe  same  banks  of  Red  River  formation  as  the  Conrtablei^n, 
^nt  the  Caron  above  this  junction  is  merely  a  hUl  stream,  with  black  or  gray  deposiC 
from  the  bluffs. 

At  Barry's  Landing,  on  the  thirteenth  mile,  the  Teche  leaves  to  the  sonthward,  and 
At  times  of  great  floc^fs  carries  off  a  large  amount  of  water  from  the  Courtableau,  but 
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it  is  for  the  first  4  miles  much  obstmctod  and  only  runs  at  present  with  an  8-foot  rise 
of  the  Courtableau. 

It  here  boars  marks  of  having  once  been  far  larger  than  it  is  at  present.  About 
the  middle  of  the  seventh  mile  Bayou  Toulouse  once  ran  out  of  the  Courtableau  and 
emptied  into  the  Teclie,  but  a  dam  has  bnen  made  across  its  head  and  a  ditch  cut  from 
it  across  the  bottom  laud,  entering  the  Courtableau  near  the  beginning  of  the  tenth 
mile,  and  causing  a  bad  bar. 

At  the  beginning  of  the  eighth  mile  the  Little  and  Big  Ouacksha  bayous  enter,  near 
each  other,  from  the  north,  and  at  high-wat«r  times  bring  in  some  water  jfrom  Red 
River. 

Small  steamers  always  run  up  the  Courtableau  at  low -water  as  far  as  the  landing 
below  the  Ouacksha,  and  the  depth  between  there  and  Barry's  Landing  is  6  to  10  feet, 
excejit  where  two  drains  enter,  one  from  Bayou  Toulouse  and  the  other  from  the  op- 
posite side  on  the  ninth  mile.  On  each  of  these  short  bars  is  a  depth  of  3  feet  at 
extreme  low-water ;  both  are  of  recent  origin  and  can  be  removed  by  dredging  or  by 
removing  their  cause  by  closure  of  the  ditches. 

At  Barry's  Landing  is  a  bar  quite  variable  iu  its  position,  but  which  is  caused  by 
the  high-water  from  Ked  Kiver  backing  up  the  Courtableau  and  that  entering  from 
the  north  side  bavous  running  across  the  Courtableau  down  the  Teche.  The  bar  is 
near  the  head  of  tne  Teche,  and  at  times  of  discharge  down  it  in  floods  there  is  little 
or  almost  no  down  current  in  the  Courtableau  past  that  point. 

The  surface  of  this  bar  is  washed  otf  as  the  bayou  falls,  and  there  is  but  seldom  so 
little  as  4  feet  depth  on  it  at  lowest  water. 

At  the  time  of  the  survey,  the  middle  of  October,  1879 — at  extreme  low-water  as 
it  then  was — there  was  a  slight  current,  amounting  to  1  foot  per  second,  on  the  shoal 

S laces  as  far  down  as  the  eighth  mile,  but  below  that  the  current  slackened  until  at 
Carry's  Landing  and  below  it  was  about  1  foot  in  10  seconds,  decreasing  below  as  the 
cross-section  at  low  water  increases,  until  it  is  so  slight  that  small  objects  on  the  surface 
float  up  or  down  as  driven  by  the  slighest  breeze. 

In  a  bend  on  the  eighteenth  mile  the  bank  is  so  washed  that  a  fresh  surface  is 
exposed  on  a  slide,  and  for  8  feet  above  low-water  the  bank  is  of  blue  clay,  which  does 
not  wash,  overlaid  by  10  to  15  feet  of  Red  River  formation.  The  old  red  deposit  once 
put  on  this  blue  clay  slope  appeared  to  have  recently  slid  or  been  washed  in.  Near 
the  top  of  the  blue  clay  were  some  roots  of  cypress,  which  did  not  reach  up  into  the 
red  land  above,  and  in  the  red  land  above  were  a  few  pieces  of  ancient  drift  foimd. 
and  more  or  less  of  them  everywhere  on  the  Bccuf.  Every  one  of  the-se  which  retaineu 
the  substance  of  the  wood  enough  to  enable  me  to  determine  what  it  wa»  I  foand  to 
be  red  cedar,  and  in  many  cases  a  log  or  piece  of  drift,  though  blackened  and  soft  for 
an  inch  in  depth,  had  yet  inside  that  a  sound  red  cedar  heart,  retaining  not  only  the 
color  but  the  smell  of  the  new  wood. 

The  outer  side  of  the  bend  next  below  this  had  the  blue  clay  bank  exposed  by  wash- 
ing off  of  the  red  surface,  and  it  was  the  same  height  above  water.  At  Barry's  Land- 
ing the  liigh-water  of  1874  is  near  2  feet  below  the  top  of  the  bank  on  the  south  side, 
but  2  miles  below  it  is  at  the  surface,  and  on  the  seventeenth  mile  is  3  feet  above  on 
the  narrow  ridge  on  the  south  side,  and  so  high  as  to  wash  away  fences  a  few  hundred 
feet  south  from  the  bank.  Nearly  the  entire  distance  irom  here  to  the  Atchafalaya 
was  then  covered. 

The  land  on  the  north  side  of  the  Courtableau  is  somewhat  lower  than  it  is  on  the 
south.  Below  where  the  banks  of  the  Courtableau  wore  covered  deeply  in  the  flood 
of  1874'the  general  ctmrse  of  that  flood  was  southward  directly,  following  the  channel 
of  the  Courtableau  for  short  distances  only  as  it  ran  in  the  dSrection  in  which  it  was 
moving,  and  often  for  short  distances  running  up  the  stream. 

Near  the  end  of  the  nineteenth  mile  is  a  pile  of  oak  logs,  reaching  entirely  across 
the  channel,  and  the  part  of  it  which  had  not  been  removed  is  about  b  feet  above  low- 
water.  A  cliannel  through  this  barricade  has  been  made  by  pulling  out  logs  so  as  to 
give  a  low-water  depth  of  5  feet  for  a  width  of  50  feet. 

Through  changing  their  places  in  timed  of  high-water  these  logs  at  times  fom^  an 
obstruction  to  navigation  which  may  in  some  cases  be  quite  serious ;  but  the  whole 
block  of  logs  can  be  easily  pulled  out  on  the  bank  at  low- water  and  burned. 

At  the  bend  on  the  south  side,  near  the  end  of  the  nineteenth  mile,  the  blue  clay 
surface  is  5  feet  above  water,  and  in  the  opposite  bend,  500  feet  above,  it  is  at  the 
same  height,  covered  in  both  cases  by  about  10  feet  of  red  soil.  The  surface  of  the 
blue  clay,  in  both  instances,  was  evidently  a  cypress  swamp  when  the  red  deposit  be- 
gan to  l>e  made,  and  the  channel  in  the  blue  clay  was  made  before  that  time  and  was 
much  longer  than  the  present  channel ^  as  but  one  side  of  the  nresent  channel  is  worn 
into  the  blue  clay,  whue  the  opposite  is  Red  River  deposit,  Uko  that  above  the  blue 
olay,  filling  an  unknown  proportion  of  the  ancient  bed. 

Te  red  soil,  though  resisting  the  washing  of  a  current  far  better  than  that  of  the 
west  bluffii  of  the  valley  at  Washington,  is  easily  washed  compared  with  the  blue 
clay. 
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On  the  twentieth  mile  Big  and  Little  Darbon  bayous  enter  from  the  north.  Both 
have  large  channels,  thongh  bringing  at  low  stages  very  little  water.  The  Coiirtableau 
:$  here,  at  low- water,  100  to  150  feet  in  width,  and  13  to  15  feet  deep. 

At  the  middle  of  the  twenty-first  mile  is  a  south-side  bayou,  which  runs  with  an  8- 
footrise,  and  near  the. end  of  the  same  mile  Bayou  Jummel  leaves  on  the  south.  A 
small  8aod-bar  in  ita  head  is  3  feet  above  extreme  low -water,  but  the  channel  is  wide 
%nA  at  ht^h- water  has  a  large  discharge. 

The  bottom  lands,  on  each  side,  are  13  feet  above  extreme  low-water,  and  a  water- 
mark oil  trees  w  as  5  J  feet  higher.  The  high-water  mark  appears  to  vary  greatly,  de- 
pendin;;  on  the  escape  to  southward  of  the  water  coming  in  from  the  north,  and  near 
the  Juuiuiel  it  was  1|  feet  lower  than  a  mile  above. 
Blue  clay  shows  at  every  bend  where  the  current  meets  any  old  bcank. 
Near  the* beginning  of  the  twenty-third  mile  the  bank  on  the  north  side  is  12  feet 
high.  Imt  it  falls  before  resiching  the  middle  of  the  mile  to  7  or  8  feet,  and  continues 
at  that  height,  with  some  yet  lower  places,  until  the  middle  of  the  twenty-sixth  mile, 
showing  a  strong  current  at  high-river. 

Ou  the  opposite  south  bank  the  high  land  has  a  break  1,200  feet  wide,  where  the 
water  runs  with  a  7-foot  rise  ;  it  is  much  washed. 

On  the  twenty-fourth  mile  two  bayous  leave  on  the  south  side,  which  run  with  a  5 
to  •^  foot  rise,  but  the  intervening  laud  is  12  to  13  feet  high. 

The  twenty-fifth  mile  has  one  bayou  60  feet  wide  and  5  feet  deep  at  low-water  at  its 
head,  but  which  is  so  choked  below  that  no  water  escapes  at  extreme  low-water. 
Three  other  bayous,  which  nm  with  a  5, 6,  and  7  foot  rise,  leave  on  the  right  bank  on 
the  same  mile,  but  the  land  between  is  15  feet  high ;  7|  feet  of  this  is  blue  clay. 

There  are  eight  bayous  on  the  south  side  on  the  twenty -sixth  mile,  the  upper  two  of 
vhich  run  with  a  2-foot  rise ;  the  next  two  with  a  6-foot  rise ;  next  is  Mamselle  Bayou, 
whirh  is  70  feet  wide  at  low-water,  but  has  no  current  at  such  time,  thongh  it  is  a 
Tf IT  large  stream  at  high- water;  the  other  three  are  small  bayous.  Landoetween 
*ht^  is  10  to  14  feet  high,  and  shows  a  strong  current  at  high-water,  though  the  snr- 
f<u-e  i»  little  waahed,  being  thickly  covered  with  trees  and  bushes. 

<hi  the  left  bank,  at  the  head  of  the  twenty-seventh  mile  is  a  high  tract  where  blue 
rlay  $hows  5  feet  high,  with  5  to  8  feet  of  red  soil  above  it. 

On  the  aonth  side,  a  few  hundred  feet  back  from  the  bayou,  at  the  head  of  the 
twenty-seventh  mile,  are  two  mounds  10  feet  above  the  highest  floo<l8.  Just  below 
them  the  Fordoche  Bayon  runs  out  to  the  southward ;  it«  channel  was  3  feet  deep,  but 
■t  had,  at  low-wate,  no  current.  This  was  the  channel  for  steamers  previous  to  clear- 
□K  oy t  the  raft  from  the  Atchafalaya,  and  it  forms  a  connection  through  Bayou  La  Rose 
with.(irand  Lake  below,  and  there  are  many  cross-channels  between  it  and  the  Atch- 
ifalaya.  It  has  not  been  used  since  the  opening  of  the  other  bayous.  On  its  south 
^ank  I  found  an  old  high- water  mark,  maae  by  drift  which  was  9'feot  above  the  sur- 
fire  where  the  bank  was  13  feet  high,  showing  that  within  20  or  30  years  a  floo<l  had 
n«en  here  22  feet  above  low- water.     Blue  clay  on  its  bank  is  7  feet  and  red  soil  6  feet 

At  the  heail  of  the  twenty-eighth  mile  the  right  bank  was  13  feet  high,  and  this 
>tarN  high- water  mark  2  feet  al>ove  it.  Two  narrow  bayous  run  out  with  a  4-foot 
n>e.  and  on  the  middle  of  the  mile  is  a  washed  channel  1,000  feet  wide,  3  to  6  feet 
»liov<>  low- water.  Much  drift  has  lodged  in  it,  which  probably  came  from  Bayou  Big- 
•rean,  which  by  four  mouths  enters  from  the  north.  It  is  evidently  a  very  large  bayou 
at  hijjh-wat^T,  bnt  no  water  enters  from  it  at  low. water.  The  entire  distance,  2,500 
^•^t.  between  its  extreme  mouths  is  a  swamp  but  3  feet  above  low-water  and  bearing 
3iarkH  of  strong  currents  at  flood  seasons. 

*yn  the  sont^  side,  at  the  beginniug  of  the  twenty-ninth  mile,  is  a  bayou  which  is 

♦ntiivly  covered  with  standing  trees,  and  its  bed  is  but  3  feet  above  low- water.     For 

"'■c-half  a  mile  below  the  blue  clay  is  seen  in  the  right  bank  5  feet  above  water,  with 

'  t«i :» feet  of  red  soil  above  it. 

<  hie  nmall  bayou  leaves  at  the  end  of  this  mile  and  one  at  the  beginning  of  the  next, 

•I  one  enters  from  the  north  hist  opposite  this  last.     Six  hundred  feet  below,  English 

•^  l«*ave8  to  the  southward;  it  is  70  feet  wide  and  5  feet  deep  at  low- water,  but 

•    »io  low -water  current.     In  its  banks,  and  those  of  the  river  near,  the  blue  clay 

•  *  (fvt  above  water,  with  6^  to  8  feet  of  red  soil  above  it. 

'•'»'  F(tnl(»che  Bayou  leaves  at  the  end  of  the  thirtieth  mile,  and  a  bayou  enters 
''i«  iiftrth,  directly  opposite  it«  head. 

•  ■■  i»»li  of  the  Conrtableau  is  here  18  feet,  but  it  shoals  very  fast,  and  at  the  be- 

.'  i.r*  the  thirty-first  mile  it  is  but  10  feet,  400  feet  below  \mt  6^  feet,  and  2,000 

'  *%  the  l»eginniug  of  the  thirty-first  mile  it  has  shoaled  to  but  1  foot.     This 

<  \]\*-t\  Little  De\il  Bar.     It  is  of  a  loose,  easily  washed  sand,  and  extends  to 

*  Ih  low  the  end  of  the  thirty-first  mile,  being'about  6,500  feet  long  at  present. 

•   \ii'iu\  of  the  bar  a  bayon  enters  from  the  north,  and  there  is  a  mile  of  low 

.<  h  i.s  but  3  or  4  feet  above  low-water  and  is  said  to  be  all  bayou  at  high- 
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The  south  bank  is  hieh  except  at  the  bayous,  which  run  with  a  rise  of  3  to  4  feet. 
The  eutire  surface  on  the  south  bank  is  7^  to  14  feet  above  low-water.  Floods  from 
above  on  the  Coiirtableau  and  from  below  on  the  Atchafalaya  meet  here  and  pass  off 
to  the  southward  through  these  bayous  and  over  the  bank.  It  is  only  at  times  of  low- 
water  in  the  Atchafalaya  and  high- water  in  the  Courtableau  that  any  water  ruu8 
Arom  the  Courtableau  into  the  Atchafalaya.  except  in  extreme  low- water.  There  is  a 
current  up  over  the  bar  whenever  there  is  a  rise  of  5  feet  above  extreme  low- water  in 
the  Atchafalaya. 

The  cross-section  at  low- water  on  the  bar  varies  hourly  with  the  washing  away  of 
sand  in  any  particular  ^lacc.  The  narrowest  place  at  the  time  of  the  survey  was  20 
feet,  with  a  depth  of  2  feet,  but  the  shoalest  place  was  but  4  inches  deep. 

All  low-water  freight  passes  this  bar  from  the  small  steamers  above  to  the  larger 
ones  below  by  very  light,  flat  barges ;  but  there  are  many  times  when  it  is  perfectly 
dry  on  the  sand,  and  tlie  whole  upper  discharge  goes  by  one  of  the  little  bayous  above, 
which  were,  at  the  time  of  the  survey,  so  filled  as  not  to  run.  Then  freight  is  rolled 
over  the  bar.  The  transfer  by  either  means  is  much  more  expensive  than  the  eutire 
freight  from  Washington  to  New  Orleans  with  good  navigation. 

The  position  of  this  bar  varies  with  the  relative  height  of  the  two  bayous,  and  it 
has  been  at  the  mouth  of  the  Courtableau,  though  seldom  much  above  its  present  po- 
sition. 

When  there  is  low-water  in  the  Atchafalaya  and  a  freshet  comes  down  the  Courta- 
bleau, it  sometimes  sweeps  the  whole  bar  out  into  the  Atchafalaya,  and  it  passes  away 
only  to  be  replaced  at  the  next  succeeding  high-river  from  the  Atchafalaya. 

From  the  lower  end  of  Little  Devil  Bar  to  the  Atchafalaya,  is  but  three-quarters  of 
a  mile,  and  the  depth  at  low-water  is  from  12  U»  14  feet. '  This  channel  is  GO  feet  in 
width,  but  is  bordered  with  standing  trees  and  stumps. 

The  red  deposit  on  which  these  trees  grew  has  lately  slid  in,  with  its  growth  of 
trees,  as  far  as  the  old  blue-clay  bank,  and  the  present  surface  of  the  portion  slid  iu 
is  from  3  feet  above  to  10  feet  below  the  low-water  line.  The  blue  clay  is  seen  on  both 
sides,  7  feet  above  low-water,  with  5  to  6  feet  of  red  soil  above  its  surface  on  the  left 
bank  and  6  or  7  feet  on  the  right  bank.  The  entire  fall  acrosvS  the  bar  jit  the  time  of 
the  survey  did  not  exceed  3  feet,  and  was  probablv  much  less,  but  no  levels  were 
taken.  The  fall  from  Barry's  Lauding  to  the  head  of  the  bar  was  not  enough  to 
give  a  discharge,  at  the  time  of  the  survey,  of  more  than  60  cubic  feet  per  second, 
which  was  the  amount  passing  over  the  bar. 

The  width  below  Little  Devil  Bar  between  the  surface  of  the  blue-clay  banks  is  270 
to  300  feet.  Wire  the  stumps  and  trees  on  the  slides  pulled  out,  the  red  soil  of  the 
slides  would  probably  be  soon  washed  out. 

There  are  two  small  bayous  on  this  three-quarters  of  a  mile,  both  of  which  have 
high  banks  and  are  cut  down  4  or  5  feet  into  the  blue  clay. 

The  left  bank  of  the  Atchafalaya,  at  the  mouth  of  the  Courtableau,  has  blue  clay 
for  7  feet  above  low- water,  with  7  or  b  feet  of  Red  River  deposit  above  it. 

The  cross-section  of  the  Courtableau  was  taken  just  below  the  bar  and  at  the  mouth, 
and  also  that  of  the  Atchafalaya  just  below.  The  area  at  low- water  of  the  first  of 
these  cross-sections  was  2,175  square  feet,  and  at  the  level  of  the  top  of  the  bank  it 
was  6,000  square  feet ;  but  the  high-water  mark  was  some  feet  above  the  top  of  the 
bank. 

At  the  mouth  of  the  Courtableau  the  low- water  cross-section  had  an  area  of  2,160 
square  feet,  almost  exactly  the  same  as  that  taken  half  a  mile  above ;  but  at  high- 
water  here  the  bayou  has  but  oue  bank,  joining  the  Atchafalaya. 

The  low  cross-section  of  the  Atchafalaya  was  5,160  square  feet,  and  the  current  at 
the  place  was  at  least  1  foot  per  second. 

At  this  time  all  of  Red  River  and  a  stream  from  the  Mississippi  Ri\'er,  through  the 
dredged  channel,  which  gave  at  the  time  a  discharge  of  about  36(»  cubic  feet  per  sec- 
ond, ran  down  the  Atchafalaya. 

Were  the  banks  filled,  the  cross-section«of  the  Atchafiilaya  here  would  be  increased 
7,800  square  feet,  or  to  12,960  square  feet,  but  it  rises  in  high-water  seasons  fiir  above 
its  banks,  and  Bayou  Alabama  had  left  the  Atchafalaya  above  the  Courtableaff,  a/ul 
has  a  cross-section  nearly  as  large  as  the  Atchafalaya. 

There  was,  in  the  flood  of  1874,  little,  if  any,  land  above  water  between  the  Atcha- 
falaya and  the  Mississippi  rivers. 

The  firet  obstacle  to  navigation  in  the  Courtableau  is  Little  Devil  Bar,  and  it  has 
been  removed  by  natural  causes  two  or  three  times  already.  By  making  works  which 
will  give  the  same  conditions  as  those  operating  wlieu  the  bar  was  washed  out  by 
these  natural  causes  I  think  we  can  depend  on  reaching  the  Kame  result.  By  a  dam 
at  each  of  the  bayous  on  the  south  side,  which  would  keep  all  the  water  of  the  Court- 
ableau from  ninning  oft' to  the  southward,  with  a  rise  of  less  thau  10  feet,  and  a  levee 
where  the  height  of  the  bank  was  below  that,  and  so  protecting  their  lower  slope  that 
water  could  safely  run  over  whenever  a  flood  should  rise  above  that,  we  would  not 
materially  decrease  the  total  amount  of  water  discharge  over  the  south  bank  in  floods 
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like  that  of  1874,  and  woald  find  that,  at  any  time,  as  the  water  fell  below  the  top  of 
the  leveed  south  bank,  we  would  again  have  exactly  the  conditions  necessary  for  uat- 
onl  removal  of  whatever  sand  had  bren  deposited  at  the  previous  high-river  season. 
AIthon|{h,  with  a  flood  of  sufficient  height  to  raise  the  wat«r  very  much  above  these 
dams,  the  current  would,  as  at  present,  run  from  the  Atchafalaya  up  the  Courtableau 
for  a  distance,  greater  or  less,  exactly  proportioned  to  the  relative  discharge  of  the 
two  streams,  and  a  large  amount  of  sand  would,  as  at  present,  be  deposited  in  the 
Courtableau ;  yet,  as  soon  as  the  height  fell  below  the  10  feet,  the  entire  discharge 
of  the  Courtableau  would  make  a  current  sufficient  to  clear  its  own  channel.  It 
would  not  bo  desirable,  were  it  possible,  to  build  any  such  levee  as  would  materially 
decrease  the  discharge  of  the  valley  directly  down  its  slope  across  the  Courtableau  in 
Hoods,  as  it  would  but  force  more  water  on  to  the  already  deeply -covered  region  east: 
wanl  of  the  Atchafalaya. 

Before  beginning  any  work  it  would  be  necessary  to  make  a  careful  detailed  survey 
of  each  bayou  for  a  mile  below  its  head,  ruunins  level  lines  to  determine  the  location 
of  dams  and  levees.  No  levels  were  taken  on  this  survev,  and  so  short  was  the  time 
at  command  that  no  work  was  done  except  that  absolutely  necessary. 

The  blue  clay  foundation  can  be  depended  on  as  it  is,  for  there  is  no  danger  from  its 
washing,  but  a  good  brush  or  plank  apron  will  be  necessary  wherever  any  current 
very  much  greater  than  that  at  present  found  runs  over  the  red  soil.  Much  of  this 
retl-doil  surface  \s  now  well  protected  by  its  growth  of  brush  and  trees. 

Aoy  improvement  of  this  stream,  to  be  of  much  benefit  to  the  people  of  the  valley 
above  Wasbinf^ton,  will  require  locks,  and  will  be  a  slackwater  navigation. 

Xatural  conditions  could  not  well  be  more  favorable  than  they  are.  The  banks  are 
everywhere  perfect  from  the  point  where  the  lowest  lock  of  the  series  must  be  placed 
op  to  the  mouth  of  the  Lamourie,  which  is  but  a  few  miles  from  Alexandria.  This 
cnaanel,  in  the  greatest  floods,  is  never  full,  and,  except  the  Lamourie  and  Huftpower. 
DO  bayous  would  require  closing.  Ila<l  the  chaunel  been  dug  for  a  canal  it  could 
hanlly  have  lM>eu  more  uniform  in  cross-section. 

There  is  sufficient  water  for  needs  of  lockage  at  lowest  stages,  and  if  such  dams  are 
bailt  and  gate.^  for  locks  made  im  can  be  removed  wlieu  the  water  rises  so  high  as  to 
makf  them  no  longer  useful,  and  replaced  at  will,  as  the  stream  falls,  the  slight  amount 
of  sediment  deposited  at  low-water  would  be  swept  out  at  high- water. 

In  great  thiods  much  of  the  height  above  Washington  is  due  to  backwater.  The 
lower  one  of  this  series  of  lock  will  need  to  be  put  at  a  point  but  few  miles  below 
BaiT;)''s  Landing,  as  fur  up  the  bayou  as  there  is  sure  to  be  suthcient  water  for  navi- 
gation when  depending  entirely  on  backwater  from  the  Atchafalaya  at  the  lowest 
stage  of  that  stream  ;  this  is  found  at  the  first  place  where  the  bank  of  blue  clay  is 
exposed  on  the  seventeenth  mile. 

The  discharge  at  the  time  of  the  survey  w^as  probably  as  little  as  it  often  is  at  ex- 
treme low  river,  and  it  was  just  above  Washington  ISOVeet  per  second;  several  lar^e 
bavous  and  t25  miles  of  river,  with  so  large  a  cross-section  that  there  was  about  the 
liame  current  in  it  as  would  be  the  casein  slack  water  navigation,  intervened  between 
this  point  and  Little  Devil  Bar,  which  might  be  considered  a  lock,  and  how  much,  if 
any,  water  escaiied  at  those  bayous  is  not  known,  no  current  being  perceptible  in 
either  bayona  or  lower  river,  yet  the  discharge  over  Little  Devil  Bar  was  60  cubic  feet 
per  second.     There  had  been  at  the  time  a  long  drought. 

The  conditions  arts  almost  exactly  the  same  in  the  Courtableau,  B<euf,  De  Glaise, 
and  in  the  Teche.  So  little  is  the  difference  that  the  same  plan  of  improvement  will 
answer  for  all  of  them. 

The  cost  of  the  necessary  dams  and  levees  on  the  south  bank  of  the  Courtableau 
Would  probably  come  within  $20,000,  and  perhaps  much  within  it,  but  an  exact  esti- 
mate cannot  be  made  from  data  procured.  Cost  of  clearing  the  banks  and  removing 
suags  aliove  Washington  will  be  about  |200  per  mile  for  the  90  miles,  and  if  the  looks 
and  slackwater  improvements  are  constiycted  the  banks  could  be  cleared  for  this 
amount.  The  same  is  necessary  as  well  if  navigation  is  to  be  imjjuoved  for  the  high- 
water  season  alone.  The  2f<  miles  below  Washington  can  be  cleared  of  snags  and 
<>Terhanging  trees  for  $50  xK?r  mile.  This  will  make  the  total  estimates  for  tht^  Boeuf 
ami  Courtableau — 

Clearing  9()  miles  above  Wiishington,  at  8200 lgl8,000 

Ct4'ariDg  *iH  miles  below  Washington,  at  $oO 1, 400 

Dams  on  Courtableau  Bayous 20, 000 

Four  locks  and  needle-dams,  at  ftl5,0u0 00,000 

.Idd  for  contingencies  10  per  cent 9, 940 

Total 109,340 

Til's  mi  inte  is  but  f92(>.61  per  mile,  and,  considering  the  probable  atuoiiut  of  com- 
rn^u-*'  p  rye:i'',  would  be  but  a  very  low  rate  per  ton.  The  bayou  above  Washington 
ruai  thn»u  *h  some  of  the  finest  alluvial  land  in  the  State.    There  is  also  a  larj^e  and 
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product  iye  country  to  the  westward  of  it,  the  products  of  which  would  fiod  their  way 
down  what  would,  with  this  improvement,  be  practically  a  canal,  penetrating  nearly 
a  hundred  miles  into  a  rich  country  which  has  heretofore  had  but  a  very  uncertain 
and  expensive  outlet. 

I  have  no  data  for  the  amount  of  commerce  at  present,  but  was  told  that  an  average 
of  about  three  steamers  per  week  passed  between  New  Orleans  and  Washington  each 
way  through  the  year,  and  that  were  navigation  uninterrupted  its  amount  would  be 
greatly  increased, 

Opening  the  navigation  above  Washington  would  be  in  fact  more  than  doubling  the 
area  to  be  benefited  by  the  entire  system  of  improvements. 

A  chart  of  the  bayou  has  been  made  on  a  scale  of  tu^ott)  giving  topography,  sound- 
ings, and  obstructions. 

Yours,  respectfully, 

H.  C.  Collins, 
Aisiatant  Enginter. 
Maj.  C.  W.  Howell, 

CorpB  of  Engineers,  U.  S,  A. 


examination  of  bayou  de  glaisb,  louisiana. 

United  States  Engineer  Office, 

New  Orleans,  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  H.  S.  Douglas,  of  an  examination  of  Bayou  De  Glaise,  Louis- 
iana, provided  for  in  act  of  Congress  approve<l  March  3, 1879. 

Tracings  of  chart  drawn  to  a  scale  of  g^^  ^11  ^^  forwarded  in  a  sep- 
arate package. 

Eecommendations  of  Mr.  Douglas,  as  to  plan  of  improvement,  are 
given  in  his  report  and  are  concurred  in.  His  estimates  are  also 
approved,  the  total  amount  of  which,  viz,  $9,540,  can  be  expended  to 
advantage  on  the  work  during  the  ensuing  fiscal  year. 

The  commercial  statistics  furnished  by  Mr.  Douglas  show  the  work  to 
be  of  very  considerable  importance.  The  work  is  not  susceptible  of  per- 
manent completion. 

It  is  located  in  the  collection  district  of  New  Orleans.  The  nearest  light-houae  is  at 
the  entrance  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8.  A. 


REPORT  OF  MR.    H.    8.   DOUGLAS,  ASSISTANT  ENGINKER. 

•     Xew  Orleans,  La.,  January  31,  I^BhO. 

Sir:  In  obedience  to  instructions  received  from  yon,  I  left  New  Orleans  October  21,, 
1879,  for  the  ))uii)ose  of  making  an  examination  of  Bayou  De  Glaise,  Louisiana,  and 
have  the  honor  to  Hubmit  the  following  reports  and  accomjianying  charts : 

My  instructions  were  to  run  a  transit  and  stadia  line,  with  soundings,  on  the  Bayou 
De  Glaise,  commencing  at  Simmsport,  where  the  bayou  debouches  into  the  Atchafalaya 
River,  and  teruiinntiug  at  the  town  of  Evergreen.  This  latter  place,  is  not,  however, 
on  De  Glaise,  but  ou  the  Bayou  Kouge,  which  ispractically  a  continuation  of  De  Glaise. 
These  two  bayous  are  formed  by  the  waters  of  Red  River,  during  high- water,  flowing 
down  through  Bayous  Lamourie,  Choctaw,  and  du  Lac  into  Lake  Pearl,  and  from 
thence  into  Bayou  De  Glaise,  one.  If  not  the  only  one,  of  its  outlets.  After  flowing 
down  De  Glaise  2^  miles,  the  water  arrives  at  what  is  known  as  the  '*  Junction,^'  or 
the  point  where  Bayou  Rouge  leaves  De  Glaise — the  water  flowing  either  way  from 
this  point,  one  portion  finding  its  'W&y  into  the  Atchafalaya  by  Bayou  Do  Glaise,  the 
other  by  Bayou  Rouge. 
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The  distance  by  both  bayous  from  Simmsport  to  Evergreen  is  63f  miles,  Bayoa  De 

Glftise  4tj  miles,  and  Bayou  Rouge  15f  miles.  The  average  width  of  the  former  is  250- 
fwt,  that  of  the  latt<er  175  feet.  The  general  cross-section  is  like  that  of  an  artificial 
rat  or  canal.  At  the  time  of  making  the  survey  there  had  been  a  prolonged  drought 
in  the  immediate  country,  and  also  very  low-water  in  the  Mississippi  and  Red  rivers, 
in  consequence  of  which  the  bayou  was  almost  dry,  the  only  water  being  a  narrow 
fttream  or  pool  in  the  center,  supplied  from  springs.  This  condition  of  affairs  was 
highly  favorable  for  the  examination,  as  it  enabled  obstructions  to  be  seen  and  noted 
that  otherwise  might  have  escaped  observation.  In  lieu  of  soundings,  which  were  un- 
necessary, the  pools  preserving  an  even  depth,  of  1  foot,  cross-sections  were  made  at 
intervals.  These  latter  on  the  Bayou  De  Glaise  show  approximately  the  slope  of  the 
bed  of  the  stream,  as  the  general  country,  as  well  as  the  banks  of  the  bayou,  being 
all  of  alluvial  formation,  is  nearly  on  a  dead  level.  As  is  the  case  on  all  Louisiana 
havoaii,  the  immediate  banks  are  the  highest  land,  the  slope  bein^  from  them  toward 
the  cypress  swamps.  The  width  of  the  cultivated  land — that  is,  the  distance  between 
the  bayou  and  the  swamp — averages  about  one-half  mile  on  the  north  bank  and  1  mile 
on  the  south.  It  is  a  noticeable  peculiarity  that  the  south  bank  of  all  bayous  has  the 
vide«t  strip  of  land  to  be  cultivated,  providing  that  the  largest  part  of  material  during 
high- water  is  deposited  on  the  south  bank.  The  country  bordering  both  bayous  ia- 
thickly  settled  and  all  under  cultivation,  the  principal  crops  raised  being  sugar,  cotton, 
and  coiD. 

The  town  of  Evergreen  is  situated  at  the  junction  of  Bayous  Rouge  andHuffpower* 
This  latter  connects  the  Bceuf  and  Rouge  at  high-water.  Bayou  Rouge  continues  on 
|iast  Evergreen  to  the  south,  and  finally  meets  tne  Atchafalaya  at  Church ville,  where 
it  has  been  closed  by  a  dam,  so  as  to  obtain  slackwater  navigation  in  the  lower  bayou. 

The  obstructions  noted  on  the  chart  in  the  first  and  second  miles  of  Bayon  Rouge  ^ 
consist  of  29  standing  trees,  1  fallen  tree,  and  19  logs. 

From  the  third  to  the  sixth  mile  the  bayou  makes  a  long  bend,  the  distance  across 
the  point  being  about  1,800  feet.  This  bend  is  very  badly  obstructed  by  willows  and 
other  trees,  which  have  grown  up  in  the  bed  of  the  stream.  At  some  past  date  this 
bend  most  have  been  cleaned  out,  as  for  a  distance  of  4,000  feet  the  fifth  mile  is  filled 
«ith  old  8tnmi)s  cut  off  to  an  even  height  of  2  feet  above  the  bottom  of  the  bayou.  In 
this  bend  there  are  also  numerous  logs  or  fallen  trees,  besides  two  shoals  or  bars  on  the 
Mxth  mile;  one  1,:<(K)  and  the  other  '4i,000  feet  in  length,  and  both  from  1  to  2  feet  above 
the  general  level  of  the  bottom. 

Od  the  seventh,  eighth,  and  ninth  miles,  the  obstrnctions  are  11  standing  trees,  16 
logs,  1  fallen  tree,  and  three  bars,  one  on  each  mile,  respectively  .'SOO,  1,400,  and  200 
fwt  in  length,  and  from  1  to  2  feet  above  the  general  level  of  the  bottom  of  the  bayou. 

The  tenth,  eleventh,  and  twelfth  miles  are  around  Coco's  Bend.  For  8,300  feet  the 
bayoa  is  filled  witli  standing  trees,  principally  willows.  Two  fallen  trees  and  about 
ii'logH  would  have  to  be  removed.  On  the  thirteenth  and  fourteenth  miles,  a  shoal 
l.'iO'*  feet  lone  and  from  1  to  3  feet  above  the  general  level  of  the  bottom  is  to  be 
found :  also  6  Togs  and  15  standing  trees. 

In  the  fifteenth  mile  is  the  town  of  Cottonport.  The  bed  of  the  bayou  was  perfectly 
dry  from  here  to  what  is  known  as  the  "Junction''  at  the  time  of  the  survey.  On  the 
fixteenth  mile  there  are  nix  standing  trees,  and  the  last  1,000  feet  is  filled  with  the  same. 
This  also  brings  us  to  the  "Junction"  of  Bayous  Rouge  and  De  Glaise.  The  bed  of  the 
Ronge  at  the  **  junction''  is  from  4  to  6  feet" above  that  of  De  Glaise.  From  the  seven- 
teenth to  the  fiftieth  mile  Bayou  De  Glait-e  is  almost  clear.  The  obstructions  to  be 
foond  are  all  located  on  the  chart,  and  consist  of  12  fallen  trees  and  171  logs  lying  on 
the  bottom. 

On  the  twenty-fifth  mile  is  the  town  of  Moreauville,  situated  at  the  upper  end  of  the 
uu-off  road  across  the  big  bend;  the  town  at  the  lower  end  is  known  as  Hamburg. 
The  distance  bv  the  bayou  between  the  two  towns  is  30  miles,  and  by  the  cut-off  road 

hilt  ^. 

On  the  fiftv-first  mile  will  be  found  one  of  the  three  bad  obstructions  which  exist  on 
*he  bayon.  It  is  a  collection  of  logs  on  the  bottom  in  the  shape  of  a  sunken  raft.  This 
•'•noiwly  obstructs  navigation,  sm  it  rec^uires  2  feet  more  water  to  cany  a  boat  over 
this  raft  than  would  ordinarily  be  required  for  the  navigation  of  the  bayou  in  that 
Vicinity.    One  fallen  tree  would  have  to  be  removed. 

Two  fallen  trees  and  one  log  are  all  the  obstructions  on  the  fifty-second  and  fifty- 
•hinl  miles.  In  the  fifty-fourth  mile  is  Mill  Bayou,  the  mouth  of  which  haa  been  closed 
^'V  an  automatic  gate,  which  only  allows  the  water  to  flow  into  and  not  out  from  De 
ilai<M».    The  obstructions  arc  a  sunken  flat-boat  and  1,200  running  feet  to  be  cleared  of 

rash  and  standing  trees. 

Th«*  tifty-fifth  mfle  is  clear.  The  town  of  Hamburg  is  situated  about  the  middle  of 
•ki*  mile.  The  fifty-sixth  mile  has  the  north  bank  lined  with  brush  and  standing  trees. 
'•n  the  fifth-sixth  mile  is  the  wreck  of  a  sunken  boat,  which,  however,  is  not  bad,  as 
t  >  partially  broken  np  ;  also  bnish  on  both  banks  and  one  fallen  tree.  Fifty-seventh 
"aile  has  bmshon  both  banks  to  clear  off.    Fifty-eighth  mile  has  2,500  feet  lined  with 
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I)ni8h,  one  fallen  tree,  and  two  logs.  On  the  sixtieth  mile  there  is  another  raft,  simi- 
lar to  that  on  the  fifty-first  mile,  and  to  which  the  same  remarks  will  apply,  except  as 
to  length,  this  one  being  500  feet  in  length ;  also,  3,200  feet  to  clear  of  Drash.  On  the 
sixty-hrst  mile  is  the  last  of  the  sunken  rafts,  this  one  being  100  feet  long  and  similar 
to  the  others.  One  fallen  tree  and  two  logs  to  be  removed ;  trees  and  brush  to  clear 
off. 

The  sixty-second,  sixty-third,  and  sixty-fourth  miles  of  the  bayou  are  obstructed  by 
brush  and  trees,  growing  into  the  channel ;  there  being  one  particularly  bad  place  at 
the  beginning  of  the  sixty-second  mile,  just  below  Yellow  Bayou,  where  there  is  an 
island.    Steamboat-men  complain  of  this  place  as  being  hard  to  pass  on  account  of 

Projecting  trees.     Seven  logs  and  one  fallen  tree  have  to  be  removed  in  this  distance, 
ixty-three  miles  and  4,5CS  feet  bring  us  to  the  mouth  of  Bayou  De  Glaise,  at  the 
Atchafalaya  River. 

The  rafts  on  the  fifty-first,  sixtieth,  and  sixty-first  miles  were  plaied  there  during 
the  war  to  prevent  gun-boats  going  up  the  bayou.  It  will  not  be  necessary  to  clear 
the  entire  bed  of  the  stream  from  brushy  but  only  where  it  encroaches  upon  the  chan- 
nel. The  best  time  to  remove  the  obstructions  would  be  between  the  months  of  July 
and  February  at  low-water. 

BSTIMATB  FOR  IMPROVING  BAYOU  ROUGE    FROM  EVERGRKEN  TO  THE  JUNCTION,    lt>i 

MILES. 

•Clearing  channel  from  standing  trees,  stumps,  logs,  and  fallen  trees,  15f 

miles,  at  $200  per  mile $3,150  00 

Add  20  per  cent,  for  contingencies 630  00 

Total 3,7?30  00 

No  estimate  is  made  for  removing  the  bars  in  Bayou  Rou^e,  as  the  benefit  obtained 
would  scarcely  justify  the  expense.  They  are  only  obstrnctious  on  the  first  stage  of  a 
rising  or  the  last  of  a  falling  bayou.  No  boat  has  beeu  in  the  Baj'ou  Rouge  since  lb74, 
and  in  that  year  only  a  little  beyond  Cottonport.  None  have  ever,  so  tar  as  I  coald 
learn,  gone  to  Evergreen. 

ESTIMATE  FOR  IMPROVING    BAYOU   DE  GLAISE    FROM  THE  JUNCTION    TO  THE  ATCHA- 

FAIJk-YA  RIVER,  4«  MILES. 

Clearing  brush  off  banks  where  it  encroaches  on  channel,  removing  sunken 

logs  and  fallen  trees,  48  miles,  at  $100  per  mile $4,600  00 

Add  20  per  cent,  for  contingencies •  9(i0  00 

Total 5,760  00 

There  is  a  very  valuable  commerce  to  be  benefited,  as  the  bayou  traverses  a  thickly- 
settled  and  productive  country.  All  the  land  on  both  banks  is  under  cultivation,  the 
average  crop  being : 

20,000  bales  cotton,  valued  at ,....  $750,000  00 

1,653  hogsheads  sugar,  valued  at 140,000  00 

2,532  barrels  molasses,  valued  at 30,000  00 

920, 000  00 

The  miscellaneous  country  produce,  in  the  way  of  corn,  rice,  stock,  poultry,  eggs, 
together  with  a  considerable  quantity  of  cypress  lumber,  will  raise  the  value  of  tne 
annual  products  to  over  $1,000,000.  The  value  of  return  freights  will  also  be  consid- 
erable, iis  very  nearly  all  supplies  are  brought  from  New  Orleans.  During  low- water 
in  the  bayou  all  this'business  has  been  transacted  by  wagons,  the  charges  for  hauling 
cotton  to  Simmsport,  the  only  shipping  point,  averaging  $1  per  bale,  and  is  propor- 
tionate upon  other  articles.  This  tax  is  entirely  avouled  when  boat^  come  into  the 
bayou,  as  they  carrj'  freight  from  the  planter's  landing  to  New  Orleans  for  the  same 
rate  that  it  is  carried  from  Simmsport.  The  removal  of  the  obstnictious  mentioned  is 
not,  however,  the  improvement  which  the  inhabitants  most  desire,  for  their  removal 
will  only  improve  the  navigation  for  three  or  four  months  in  the  year — ^the  mouths  of 
March,  April,  May,  and  June — or  during  high-water  in  the  Mississippi  and  Red  rivers. 
What  is  most  desirable  is  some  improvement  that  will  give  them  constant  navigation. 
This  can  only  be  accomplished  by  means  of  slackwater,  and  Bayou  De  Glaise  is  singu- 
larly favored  in  it«  position  in  regard  to  such  an  improvement.  Lake  Pearl,  its  source, 
is  3i  miles  long  by  2|  miles  wide,  and  from  4  to  6  feet  deep,  surrounded  by  a  cypress 
swamp,  by  the  overflow  of  which  its  reservoir  capacity  could  be  greatly  increased 
without  injury  to  the  neighboring  country.    The  fall  from  the  Junction,  the  highest 
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point  to  which  it  would  be  desirable  to  improve  the  bayou,  to  the  Atchafalaya  is, 
Approximately,  32  feet,  and  the  natural  cross-section  is  the  one  that  gives  the  minimum 
of  evaporative  surface,  so  that  there  would  be  but  little  loss  from  this  cause.  The 
data  obtained  from  a  mere  examination  is  not,  however,  sufficient  to  predicate  an 
improvement  of  this  nature  upon,  though  the  country  and  commerce  to  be  benefited 
would  justify  such  a  work.  The  inhabitants  were  particularly  hospitable,  and  every 
kindness  and  attention  was  shown  your  assistant  and  his  party  during  the  examina- 
tion. 

Very  respectfully, 

H.  8.  Douglas, 
Assistant  Engineer, 
Maj.  C.  W.  Howell, 

Corps  of  Engineers f  U.  S,  A, 


examination  of  bayou  terrebonne,  louisiana. 

United  States  Engineer  Office, 

Kew  Orleam,  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assist^int 
Engineer  W.  H.  rioflfman  of  an  examination  of  Bayou  Terrebonne, 
Louisiana,  provided  for  in  act  of  Congress  approved  March  3, 1879. 

Tracing<»  of  chart,  drawn  to  a  scale  of  yoV(f>  will  be  forwarded  in  a 
separate  package. 

Recommendations  of  Mr.  Hoffman  as  to  plan  of  improvement  are 
given  in  his  report  and  are  concurred  in.  His  estimates  are  also  ap- 
proved, aud  can  be  expended  to  advantage  on  the  work  during  the  en- 
SQing  fiscal  y<*ar,  viz,  $18,800.  I  am  unable  to  furnish  any  commercial 
statistics  other  than  those  given  by  Mr.  Hoffman  in  his  report.  The 
work  is  not  susceptible  of  permanent  completion. 

It  iH  located  iu  the  collection  cliatrict  of  New  Orleans.     The  nearest  light-house  is 
near  east  end  of  Timbalier  Islaiirl,  Lonisiana. 

Very  respectfull}',  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 


report  of  w.  h.  hoffman,  assistant  engineer. 

United  States  Engineer's  Office, 

Xew  OrleanSj  La.y  January  31,  1880. 

Major  :  I*  have  the  honor  to  submit  the  following  report  on  an  examination  of 
BayoQ  Terrebonne,  Louisiana : 

Field  work  was  commenced  on  the  19th  of  August  and  completed  the  same  month. 

A  transit  line  was  carried  dow^  the  Bayou  from  Houma,  using  needle  for  bearing 
and  sftadia-rod  for  distances ;  soundings  and  topography  were  taken,  and  all  informa- 
tion possible  had  from  the  inhabitants,  who  did  all  iu  their  power  to  assist  in  turther- 
am-4?of  the  work. 

Bayou  Terrebonne  was  once  an  outlet  bayou  of  the  Mississippi,  receiving  its  sup- 

)y  from  Bayon  Lafourche  at  Thibodeanxville,  but  the  connection  with  Lafourche  was 
^g  ago  closed,  and  above  Houma  it  is  but  a  very  small  drainage  bayou,  useless  for 
*f«y  Puipose  of  navigation.  Bulow  Houma  it  is  a  tidal  bayou,  and  serves  the  purpose 
•»f  a  uigbway,  for  which  reason  it  is  of  great  importance.  For  20  miles  it  is  bordered 
with  large  sugar  plantations,  and  6  miles  farther  by  small  farms.  There  are  connected 
^Mh.  Bayou  Terrebonne  many  other  bayous  which  depend  on  the  navigation  of  the 
Trnvbonn*^  for  their  communication  with  a  market.  Roads  on  the  bayou  banks  are 
tniirvly  iMi*!eM-4  fi»r  moviug  freight. 

Tberu  \n  ii«i.v  n  r  liir.m.l  c  niiiecciou  from  Houma  with  Morgan's  Louisiana  and  Texas 
Railroad;  inoAt  frciglit  goes  that  way.    There  are  two  steamers  used  for  bringing 
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freights  from  plantations  on  Terrebonne  and  other  connecting  bayous  to  Houma  for 
shipment  by  rail,  but  there  is  a  canal  in  progress  which,  when  completed,  will  con- 
nect the  Terrebonne  with  Lafourche. 

At  Hounia  the  width  of  the  bayou  is  40  feet  and  its  depth  at  low-tide  is  4  feet,  but 
at  intervalH  for  the  tirst  5  miles  are  nhoals  where  but  2  feet  can  be  carried  over  at  low 
tide.  All  navigation  at  the  upper  end  of  the  bayou  near  Houma  is  done  at  high  tide^ 
which  gives  from  I  to  2  feet  mpre  water,  depending  on  the  wind  in  the  bays  below. 
Much  of  the  freight  is  carrie<l  by  schooners  which  run  to  New  Orleans  through  the 
lower  bays  and  other  connecting  bayous,  and  by  flat-boats  which  are  cordell^  and 
poled  from  plantations  up  to  Houma. 

With  the  6  miles  from  Houma  the  water  deepens  to  4  feet  at  low  tide,  gradually 
deepening  to  6  feet  at  the  tenth  mile,  and  varying  from  6  to  8  feet  to  the  middle  of  the 
twenty-third  mile,  but  the  width  increases  very  rapidly  after  the  twenty-first  mile 
to  200  feet  or  more. 

The  right  bank  for  the  first  20  miles  has  a  belt  50  feet  wide  of  willows  growing  from 
the  water's  edge  to  the  high  land,  while  the  opposite  left  bank  has  no  willows,  but 
has  a  belt  of  sea  marsh  grass  to  about  the  same  width  between  the  channel  and  the 
road  which  runs  on  the  edge  of  the  high  land. 

On  the  twenty-second  mile  is  a  canal,  Madison  Bellan^er,  and  entered  from  the  east, 
but  it  has  been  closed,  and  water  stands  on  the  back  side  of  the  levee  2  feet  above 
water  in  the  Terrebonne.  \ 

At  the  beginning  of  the  twenty-fifth  mile  Bayou  Lacache  enters  from  the  west ;  it 
forms  the  connection  with  Little  Caillou  Bayou,  and  all  the  commerce  of  that  bayou, 
which  is  eqoal  to  that  of  the  Terrebonne,  comes  through  it  and  goes  to  Houma.  It  is 
timbered  on  both  sides,  and  its  depth  is  5  feet  or  more. 

For  nearly  a  mile  below  Bayou  Lacache  the  banks  of  the  Terrebonne  are  above 
overflow,  and  are  very  thickly  settled ;  but,  from  here  to  the  middle  of  the  thirty- 
third  mile,  where  Bayou  Lagraise  enters  from  the  west  and  connects  with  Terrebonne 
Bay,  both  banks  arc  overflowed  at  high  tide  and  not  cultivated. 

Opposite  the  mouth  of  Bayou  Lagraise  a  canal  has  been  dug  through  the  bank  to 
Lake  Barr^.  It  is  50  feet  wide,  4  feet  deep,  and  300  feet  long ;  it  is  expected  that  it 
will  be  finished  through  to  Lafourche  within  a  year. 

The  survey  was  continued  down  5  miles  farther,  but  for  a  mile  below  Bayou 
Lagraise  there  is  a  bar  with  but  2  feet  depth,  and  no  commerce  passes  down  the  old 
bayou. 

No  line  was  run  below  the  twenty-seventh  mile,  as  the  bayou  banks  which  were 
but  very  narrow  strips  of  sea  marsh  between  Timbalier  and  Terrebonne  Bays,  between 
which  Terrebonne  Bayou  ran  in  1850,  and  which  is  said  to  have  had  a  greater  dex>th  than 
that  found  above  at  that  time,  are  now  brokeii  up  by  the  sea,  from  both  bays,  into 
little  isolated  grass  islands,  which  are  rapidly  disappearing  by  action  of  the  waves, 
and  are  now  found  at  inter\'als  of  two  or  three  miles  down  to' Caillou  Island,  where 
was  formerly  the  mouth  of  Bayou  Terrebonne. 

The  old  channel  is  filled  so  as  to  be,  like  the  bays  on  each  side,  but  a  sand  or  mud 
flat  with  no  appearance  of  there  ever  having  been  a  bayou  there.  Cutting  oif  the  sup- 
ply of  water  from  the  Mississippi  stopped  also  the  supply  of  mud  by  which  the  banks 
were  built  up.  The  improvements  needed  on  this  bayou  consist  of  cutting  overhang- 
ing trees  on  the  right  bank  for  20  miles  below  Houma,  and  of  dredging  the  first  5  miles 
so  as  to  give  as  much  water  as  there  is  below,  or  at  least  to  give  enough  for  the  pas- 
sage of  boats.  Dredging  to  a  depth  of  4  feet  at  least,  at  low  tide,  will  give  a  high- 
water  channel  sutiScient  for  all  purposes  at  present.  This  would  make  an  estimated 
cost  for  the  improvement  as  follows : 

58,666  cubic  yards  dredging,  at  25  cents $14,666  67 

20  miles  clearing,  at  $50  per  mile 1, 000  00 

15, 666  67 
Add  for  contingencies,  20  per  cent 3, 134  'X\ 

Total 18,800  00 

The  commerce  to  be  benefited  includes  the  whole  amount  coming  to  the  town  of 
Houma  by  water,  up  the  bayou,  which  was  in  1878-79,  14,175  hogsheads  sugar ;  20,840 
barrels  molaases;  there  was  also  much  rice  and  other  produce,  but  sugar  plantations 
furnish  a  greater  part  of  the  freight. 

Very  respectfully,  your  obedient  servant, 

W.  H.  Hoffman, 

Maj.  C.  W.  Howell, 

C  n' on  of  Engineer pf  U*  S.  A,  *    . 
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examination  op  tohefunctb  bivee,  louisiana. 

United  States  Engineee  Office, 

N'ew  Orleans^  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  W.  H.  Hoffman  of  an  examination  of  Tchefuncte  Eiver,  Lou- 
isiana, provided  for  in  act  of  Congress  approved  March  3,  1879. 

Tradng  of  chart,  drawn  to  a  scale  of  ygVo?  ^^^  ^  forwarded  in  a  sepa- 
rate package. 

Becommendations  of  Mr.  Hoffman  as  to  plan  of  improvement  are 
%t  forth  in  his  report  and  are  concurred  in.  His  estimates  are  also 
approved  and  can  be  expended  to  advantage  on  the  work  during  the 
ensuing  fiscal  year,  viz,  $5,460. 

I  am  unable  to  furnish  valuable  Information  concerning  the  commer- 
cial importance  of  the  work.  It  is  not  susceptible  of  permanent  com- 
pletion. 

The  nearest  light-house  is  on  the  Tchefuncte  River,  near  Madison ville,  La. 

Mr.  Hofifman  was  also  directed  to  make  an  examination  of  Bayou 
Castain,  which  the  citizens  of  Mandeville,  La.,  solicited  me  to  have  made 
with  a  view  to  its  improvement  by  the  general  government,  that  it, 
might  serve  as  a  harbor  of  refiige  for  vessels  plying  on  Lake  Pontchar- 
train.  The  result  of  the  examination  is  appended  to  Mr.  Hoffman's  re- 
port on  the  Tchefuncte,  and  his  recommendations  as  to  x)lan  of  improve- 
ment of  Bayou  Castain  and  estimates  are  approved. 

The  amount,  $3,410,  can  be  expended  to  advantage  on  the  work  during 
the  ensuing  fiscal  year. 

The  collection  district  and  nearest  light-honse  are  the  same  as  for  the  Tchefuncte 
Rirer. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers, 
Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineers^  U.  8.  A. 


REPORT  OF  MR.  W.   II.   HOFFMAN,   ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  18d0. 

Major:  I  have  the  honor  of  submitting  to  yon  the  following  report  on  the  examina- 
tion of  the  Tchefuncte  Eiver,  Louisiana. 

A  survey  of  this  river  was  made  in  1871,  by  the  late  Lieut.  E.  A.  Woodruff,  United 
^tat^s  Engineers,  and  a  tracing  of  the  chart  made  by  him  was  used  on  which  to  note 
iH  changes  which  have  taken  place  since  that  time.  Cross-scctious  were  taken  at 
the  most  important  points,  following  lines  of  soundings  made  by  Lieutenant  Wood- 
Tuff  nearly  as  possible.  Covington  is  at  the  head  of  navigation  on  the  Bogue  Falaya, 
^hich  is  only  navigable  for  small  schooners  to  this  point,  steamers  stopping  at  Cov- 
iz.^toii  Landing,  2  miles  below.  There  are  mauy  snags  and  overhanging  trees  on  the 
f-ortion  of  river  between  the  steamboat  landing  and  Covington,  and  the  channel  is 
rery  crooked :  bends  are  very  sharp ;  banks  are  of  sharp  sand  and  almost  constantly 
'hanging  in  freshets.  Many  bars  are  found  with  too  little  water  to  allow  larger  ves- 
tbU  to  M0S  than  the  smaU  schooners  at  present  found.  No  other  improvement  than 
removal  of  snags  and  overhanging  trees  is  advisable,  as  cut-offs,  which  captains  of 
tfhoonen  so  much  wish,  would  only  result  in  increasing  the  caving  of  the  bank  and 
VMild  probably  iignre  the  river  below,  where  it  is  now  good.  Below  the  mouth  of 
\^  Abita,  the  bank  has  a  gentle  slope  towards  the  river,  and  is  nowhere  caving ; 
*^gTe  is  a  wide,  deep  channel,  fully  sufficient  for  any  possible  want  of  navigation. 
The  banks  on  the  lower  part  of  the  river  are  sea  marsh,  covered  at  high  tide.  The 
«tranoe  of  the  river  into  Lake  Pontchartrain  has  a  bar  on  which  is  found  but  5|  feet 
«  a  commoD  low  tide.    During  northers  there  is  fully  1  foot  less,  and  at  such  times 
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the  harbor  is  most  needed  as  a  harbor  of  rofage  for  yessels  from  all  coast  ports  as  far 
east  as  Pensacola,  coming  into  Lake  Pontchartrain  during  a  norther. 

The  entrance  to  New  Orleans  basin  canals,  on  the  lake,  is  a  very  difficult  one,  and 
very  dangerous  indeed  with  a  norther  blowing.  The  chief  business  of  the  steamers, 
running  in  this  trade  is  carrying  passengers  to  and  from  the  sea-side  watering-places, 
and  for  them  some  safe  harbor  on  the  north  side  of  the  lake  is  very  important.  The 
harbor  to  which  improvement  of  this  bar  would  give  these  access  is  one  of  the  best 
possible  for  such  purposes.  The  river  is  several  hundred  feet  wide  and  20  t<o  30  feet 
deep,  for  2  miles,  up  to  Madisonville,  where  steamers  can  tie  up  at  the  bank  at  any 
time.  The  bar  is  made  of  sand  and  shell  washed  from  the  lake  and  not  from  material 
carried  out  by  the  river,  which  is  a  clear-water  stream.  The  constant  progress  of  the 
point  and  the  bar  to  the  southwest,  and  the  washing  away  of  the  west  side  by  the 
current,  shows  that  the  bar  is  the  efiect  of  the  washing  of  the  sand  of  the  lake  beach 
to  westward  along  the  coast.  The  winds  affecting  this  shore  blow  from  southeast, 
and  a  jetty  to  protect  the  entrance  from  this  wash  of  sand  from  eastward  may  be 
found  necessary  to  retain  the  channel,  even  if  one  should  be  dredged  out,  as  can  be 
easily  done. 

Estimate  for  the  improvements  is  as  follows  : 

Removal  of  all  snags  to  Covington § $300^ 

Removal  of  all  overhanging  trees 500' 

Dredging  on  bar  15,000  cubic  yartis,  at  25  cents 3, 750- 

Add  for  engineering  and  contingencies,  20  per  cent 910 

Total , 5,460 

At  the  urgent  solicitation  of  the  citizens  of  Mandeville,  an  examination  was  made 
of  Bayou  Costaiu,  the  mouth  of  which  was  formerly  their  harbor,  on  Lake  Pontchar- 
train, but  itsentrance  from  the  lake  is  now  so  filled  as  to  be  useless.  The  bayou  drains 
about  10,000  acres  of  timbered  land,  and  during  rains  there  is  sufficient  current  to  wash 
out  the  sand  from  the  entrance  and  give  a  channel  across  the  bar  at  times  as  deep  as- 
4  feet,  but  unfortunately,  with  the  first  blow  from  the  southeast  it  is  filled  with  sand; 
seldom  remaining  open  for  a  week,  and  filling  so  as  to  leave  but  \  a  foot  of  water  over 
the  sand.  This  washing-out  process  gave  the  idea  of  making  a  permanent  entrance, 
and  a  charter  was  secured  from  the  State ;  cribs  were  ma<le  and  slightly  ballasted  with- 
brick,  placed  on  each  side  of  the  entrance.  A  few  of  these  cribs  remain,  and  as  far 
out  as  they  go  the  channel  remains,  but  most  of  the  cribs  washed  ashore,  and  the 
work  was  abandoned  from  want  of  monc  v  icrr  continuing  it.  The  success  of  this  crib 
work,  so  far  as  it  went,  shows  that  a  jetiy  properly  built  would  keep  the  sand  from 
filling  the  channel,  the  filling  all  being  ma<le  by  sand  washed  along  shore  to  westward. 
There  is  a  depth  of  6  to  7  feet  in  the  bayou,  and  were  the  entrance  so  improved  as  to 

five  a  depth  of  5  or  6  feet  on  the  bar,  the  commerce  of  the  town  would  be   greatly 
enefited,  and  the  harbor  thus  made  would  be  available  as  a  harbor  of  refuge  on  this 
(north)  shore  during  the  gales  of  the  fall  and  winter  months. 

Mandeville  is  one  of  the  coast  watering-places  and  during  the  summer  and  fall  from 
one  to  three  steamers  stop  there  every  day,  and  one  daily  during  the  remainder  of  the 
year.    There  are  also  many  schooners. 
The  estimated  cost  for  the  improvement  to  be  made  is  at  follows : 

12,400  cubic  yards  dredging,  at  25  cents $3, 100 

Add  10  per  cent,  for  contingencies 310 

Total 3,410 

Yours,  respectfully, 

W.  H.  Hoffman, 
Maj.  C.  W.  Howell,  AzmUint  Engineer. 

Corps  of  Engineers,  U,  S.  A. 


examination  of  tickfaw  river,  louisiana. 

United  States  Engineer  Office, 

New  OrleanSj  February  27, 1880. 

General:  I  have  the  honor  to  submit  herewith  report  of  Assistant: 
Engineer  H.  C.  Collins  of  an  examination  of  Tickfaw  Kiver,  Loaisiana» 
made  by  Civil  Assistant  H.  8.  Douglas,  as  provided  for  in  act  of  Con- 
gress approved  March  3, 1879. 

Tracings  of  chart,  drawn  to  a  scale  of  yoW>  ^^^^  t)e  forwarded  in  a. 
separate  package. 
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Beoommendations  of  Mr.  Collins  as  to  plan  of  improvement  are  set 
^nth  in  his  report  and  are  concarred  in.  His  estimates  are  also  ap- 
proved ;  the  total  amount  of  which  can  be  expended  to  advantage  on 
the  work  daring  the  ensuing  fiscal  year,  viz,  $10,230. 

The  commercial  importance  of  the  work  is  given  in  the  report  of  Mr- 
Collins. 

The  work  is  not  susceptible  of  permanent  completion. 

It  i^  located  in  the  collection  district  of  New  Orleans.     The  nearest  light-honse  i» 
It  the  month  of  Pass  Manchac,  Lake  Pontchartrain. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers^ 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  TJ,  8.  A. 


REPORT  OF  MR.    H.    C.    COLLINS,   ASSISTANT  FTXGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  the  examination  of 
Tickfaw  River  and  its  navigable  branches.  The  Tickfaw  River  rises  in  the  State  of 
MisiiisKippi  and  empties  into  Lake  Maurepas.  North  of  the  beginning  of  this  survey 
'He  river  is  at  low- water  but  a  suceession  of  pools,  connected  by  ripples,  over  which 
in  lonj;  droughts  but  little  water  flows,  and  its  banks  are  high  rolling  pine  woods 
UniL  or  a  liottom  once  washed  out  bj'  the  stream  and  heavily  timbered,  covered  in 
frf^iht'ts  by  the  river. 

The  surrey  was  made  by  H.  S.  Douglas,  assistant  engineer.  He  began  at  the  cross- 
ng  of  the  Baton  Rouge  and  Ponchatoula  roa-d,  where  the  stream  is  60  to  80  feet  wide 
iDd  5  to  10  feet  deep  at  low- water ;  but  there  are  bars  where  but  3  feet  is  found.  The 
int  6  miles,  above  Mr.  Chapman's  place,  is  so  choked  by  old  logs,  snags,  and  trees 
4own  in  by  the  gale  of  September  last,  as  to  be  almost  impassable  even  for  a  skiff, 
ifld  there  is  an  almost  continuous  line  of  OTerhanging  trees  on  one  side  or  the  other. 
•m  the  fourth  mile  from  the  beginning  is  Whetmore  Island,  where  the  river  divides; 
toe  part  passing  to  the  west  of  the  island,  having  at  its  head  much  the  largest  cross- 
•option,  is  entirely  blocked  by  raft  of  snags,  trees,  and  drift,  and  the  other  part,  pass- 
^  to  eastward  of  the  island  for  nearly  a  mile,  is  but  2  feet  deep  and  less  than  30  feet 
■-ide  in  places,  and  much  obstructed  by  timber  standing  and  fallen.  This  island  and 
u  two  obetracted  channels  are  probably  the  dam  which  makes  the  4-milQ  pool  above, 
And  at  low-water  any  improvement  of  these  channels  will  probably  draw  off  the 
Tater  above ;  but  below  tne  island  the  character  of  the  river  changes  to  a  tidal 
ftr^am,  with  a  current  depending  entirely  on  the  tide,  except  at  freshets. 

From  Chapman's  place  to  Mr.  Settoon's  place  is  4  miles,  and,  though  the  depth  is 
BO  where  less  than  4  feet  and  the  width  great  enough,  so  that  schooners  or  steamers 
'  .»iild  easily  navigate  it,  they  are  entirely  prevented  by  the  great  number  of  logs  and 
*t«  overhanging  trees.  Mr.  Chapman  made  one  cut-off  many  years  ago,  and  attempted 
•  •  make  another  one,  but  failed  to  tilm  the  river  through  the  second,  and  it  can  yet 
If  easily  closed  and  saves  half  a  mile  of  river  and  4  bends  of  240^  or  more  each,  while 
^9  cut  wonld  give  a  long,  straight  reach.  The  first  cut-off  which  he  succeeded  in 
lakin^^  was  an  unimportant  one,  shortening  the  river  so  little  as  not  to  appreciably 
i3ng«  the  RloT>e,  and  these,  so  far  as  could  be  learned,  were  the  only  attempts  to 
au  TOre  with  tlie  river.  The  banks  are  nowhere  caving,  and  once  cleared  the  channel 
voaht  probably  remain  good.  The  bottom  land  is  so  low  that  it  is  covered  with  every 
j^het,  and  is  not  liable  to  be  cleared  so  as  to  form  cut-offs ;  a  growth  of  cane  protects 
'  from  washing.  The  water  is  almost  absolutely  free  from  any  earthly  material  in 
^vpenaion,  but  is  coloretl  to  a  dark  coffee-color  by  cypress  and  gum.    Mr.  Settoon's 

iopt-  is  DOW  the  head  of  navigation  for  schooners,  which  they  find  great  difficulty  in 
*^^hing,  from  the  great  number  of  trees  blown  in  by  the  September  gale.  There  were 
laoy  Old  snags  and  some  overhanging  trees  forming  obstructions  before.  Below  this 
*i*Te  i»  nowhere  less  than  9  feet  depth  in  the  channel ;  8  miles  below  Settoon's,  Blood 
&.T^r  enters  from  the  north ;  it  is  but  a  tidal  stream  so  far  up  as  it  ik  navigable  (about 
4  ailes),  and  the  width  is  80  feet  or  more  and  the  depth  about  10  feet.    There  are  many 

«i  snags  and  trees  and  some  overhanging  trees.    Bluffs  touch  the  river  suffloiently 

(fani  to  allord  landing  places.  From  the  mouth  of  Blood  River  to  the  Natalbany  lb  6- 
ades,  and  from  thence  to  Lake  Maurepas  is  2  miles.  This  distance  has  a  channel 
^y  850  feet  wide  and  a  depth  of  10  to  20  feet.    The  Natalbany  enters  from  the  north 
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and  is  navigable  to  the  town  of  Springfield,  10  miles  above  its  Junction  with  theTiok- 
faw.  The  depth  is  nowhere  less  than  10  feet  in  the  channel,  and  it  has  a  sufficient 
'width  to  turn  a  schooner  or  steamer  almost  anywhere,  but  it  is  somewhat  obstnicted 
by  snags,  trees,  and  overhaugipg  trees.  ■  The  Ponchatoula  River  is  the  most  easterly 
branch,  and  enters  the  Natalbany  4  miles  above  its  junction  with  the  Tickfaw.  Except 
during  frefihets  it  is  entirely  supplied  by  tide-water,  and  rises  andjfalls  with  the 
lake. 

The  survey  of  it  began  at  the  bridge  on  the  Baton  Rouge  and  Ponchatoula  road,  to 
which  point* there  is  Hufficieiit  width  ad4lepth  fur  navigntioii,  but  the  first  2  miles  is 
much  obstructed  by  overhanging  trees  and  by  logs  and  trees  in  the  water.  Below 
Wadesborough  there  is  now  navigation  for  schooners,  but  the  channel  is  much  ob- 
structed by  overhaiigiug  ti'ees,  by  trees  blown  in  during  the  gale  of  September,  and 
by  old  logs*  and  snags.  Each  of  the  three  branches  of  the  Tickfaw  is  of  more  com- 
mercial importance  than  the  main  stream,  and  removal  of  the  obstructions  will  facili- 
tate communication  with  New  Orleans,  and  make  it  possible  to  use  steamboats  instead 
of  schooners.  Any  increase  in  regularity  and  speed  of  the  means  of  communication 
will  promote  settlement  of  the  country  and  increase  its  commerce.  The  schooners  now 
coming  to  these  rivers  during  all  the  year  (except  the  three  or  four  dull  months  of 

summer)  are  about  as  follows : 

Schooners 
per  week. 

TotheNatalbhny 4 

To  the  Ponchatoula 3 

To  the  Blood  River 2 

To  the  Tickfaw 3 

Besides  the  freight  of  these  schooners,  great  quantities  of  hewn  timber^  spars,  and 
aaw-lo^s  are  fioated  out,  and  are  to  be  included  in  the  commerce  of  these  nvers. 

The  depth  of  water,  which  depends  entirely  on  the  height  of  water  in  Lake  Mau- 
repas,  is  never  so  little  as  in  the  least  to  afi'ect  navigation,  and  there  is  at  lowest  water 
of  a  winter  norther  7  feet  of  water  over  the  bar  at  the  mouth  of  the  Tickfaw  in  the 
lake,  but  the  bar  at  the  mouth  of  Pass  Manchac  in  Lake  Pontchartrain  has  but  6  feet 
depth,  and  at  low-tide,  with  a  northwest  wind,  less  than  5  feet.  The  entire  commerce 
of  these  rivers,  and  the  Amite  and  other  rivers  entering  Lake  Manrepas,  must  all 
pass  this  bar.  No  survey  has  been  made  of  it,  but  from  information  given  by  captains 
of  vessels  passing  there,'  I  think  it  will  require  about  20,000  cubic  yards  of  dredging  to 
make  a  good  channel.  The  available  depth  is  said  to  be  much  less  than  it  was  pre- 
vious to.  the  breaking  of  the  Bonnet  Carre  crevasse  in  1874.  Most  of  the  water  from 
that  source  now  finds  its  way  into  Lake  Manrepas,  and  from  it  alone  comes  the  mud 
for  a  bar  at  the  mouth  of  Pass  Manchac,  as  all  the  rivers  entering  the  lake  are  clear- 
water  streams.  The  cost  of  divdging  the  20,000  cubic  yards  will  be  about  25  cents  per 
yard,  or  $5,000  for  the  whole,  if  the  information  should  prove  correct  as  to  its  amount, 
and  if  nothing  but  dred^in^  were  required. 

On  the  banks  of  the  Tickiaw  and  each  of  its  branches  are  many  shell  mounds  which 
are  kitchen  refuse  of  some  ancient  race.  The  shells  of  these  mounds  are  mostly  the 
gnathodon  clam,  which  is  now  found  living  in  the  lake  below,  and  throughout  the 
mounds  are  pieces  of  broken  pottery  and  bones  in  small  amount  compared' with  the 
shells ;  but  all  bones  of  any  size  show  marks  of  having  been  cooked  and  of  having 
been  split  to  get  at  the  marrow.  They  are  part  animal— deer,  &c. — and  in  part  human 
bones.  The  mounds  are  like  those  found  on  all  other  rivers  on  this  part  of  the  coast. 
These  shells  would  be  of  value  if  works  were  made  to  improve  LaKe  Pontchartrain 
navigation.  The  improvement  of  the  Tickfaw  River  far  above  the  head  of  the  present 
survey  would  open  a  country  where  are  grawing  great  forests  of  yellow  pine,  and  afford 
means  of  fioating  it  out ;  far  less  work  would  be  necessary  for  this  than  for  any  x>uiT>oses 
of  navigation.  In  its  present  condition  the  upper  river,  even  in  highest  water, 
cannot  be  used  for  rafting.  From  the  head  of  the  survey  down  to  the  Chapman  place, 
closure  of  one  fork  at  Wnctmore  Island,  and  removal  of  the  snags  and  trees  now,  may 
give  the  water  of  the  next  one  or  two  high  river  seasons  a  chance  to  wash  out  one 
channel  to  an  extent  to  make  it  navigable.  It  is  (juite  probable  that  a  little  washing 
on  the  shoal  places  will  show  that  they  are  really  but  sunken  logs  slightly  covered  with 
sand ;  and,  if  so,  removal  will  at  once  make  the  river  na\'igable  to  the  head  of  the 
survey.    Estimates  for  the  improvements  proposed  will  be  as  follows : 

Tickfaw  River  from  head  of  survey  at  Van  Buren  place  to  Chapman's  place, 

6  miles,  at  $500 $3,000 

Chapman's  to  Settoon's  place,  4  miles,  at  $300 1, 200 

Settoon's  to  lake,  16  miles,  at  $100 1,600 

Blood  River,  4  miles,  at  $100 400 

Natalbany  and  Ponchatoula  rivers,  151  miles,  at  $150 2, 325 

Add  for  contingencies,  &c.,  20  per  cent *.  1, 705 

Total 10,230 
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A  chart  of  these  rtvere  has  been  made  on  a  scale  of  ^TroTTf  showing  all  visible  obstnie- 
tions  ami  character  of  the  banks,  soundings  at  low- water,  &c. 
Yours,  respectfully, 

H.  C.  Collins, 
Asfihtattt  -Engineer, 
Maj.  C.  W.  Howell, 

CorjMo/EnffiHeers,  U,  S,  A. 


examination  of  amite  eiver,  louisiana. 

United  States  Engineer  Office, 

New  OrleanSj  February  27,  1880. 

(lEXEUAL :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Eupneer  H.  S.  Douglas  of  an  examination  of  Amite  Kiver,  Louisiana, 
provided  for  in  act  of  Congress  approved  March  3, 1879. 

Tracings  of  chart,  drawn  to  a  scale  of  yoffu?  ^^^^  ^®  forwarded  in  a 
separate  package. 

Kecommendations  of  Mr.  Douglas  as  to  plan  of  improvement  are  given 
in  liis  report,  and  are  concurred  in.  His  estimates  are  also  approved, 
and  can  be  exi)ended  to  advantage  on  the  work  during  the  ensuing  fiscal 
year,  viz,  $23,760. 

I  am  anable  to  furnish  valuable  information  concerning  the  commercial 
imi>ortance  of  the  work  other  than  that  given  in  the  report  of  Mr.  Doug- 
la:^    The  work  is  not  susceptible  of  permanent  completion. 

It  is  located  in  the  collection  district  of  New  Orleans.  The  nearest  light-house  is  at 
the  month  of  Pass  Manchao,  between  Lakes  Manrepas  and  Pontchartrain. 

Very  respectfully,  your  obedient  servant, 

O.  W.  Howell, 

Major  of  Engineers. 
Dn'g.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U,  8.  A. 


UEPORT  OF  MR.   H.   8.    DOUGLAS,   ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Sir  :  In  obedience  to  instructions  received  from  you,  I  left  New  Orleans  August  18, 
X'^t^,  for  the  purpose  of  making  an  examination  of  the  Amite  River,  Louisiana,  and 
bave  the  honor  to  submit  this  my  final  report,  with  accompanying  charts. 

The  river  was  traversed  with  transit  and  stadia,  and  sonndings  taken  for  73|  miles, 
oommeucing  at  Thompson's  Bridge,  where  the  road  from  Clinton  to  Amite  City  crosses 
the  river,  and  ending  at  the  point  where  Bayou  Manchac  joins  the  Amite.  Below  that 
|M>int  a  mnning  examination  was  made,  a^per  orders. 

The  Aiuito,  or  old  river  Bienville,  below  Bayou  Manchac,  had  been  previously  sur- 
veyed in  the  year  1867,  by  Lieut.  J.  K.  Hezlep,  United  States  Engineers.  (Bee  Report 
«if  the  Chief  of  Engineers  for  186d,  page  486.) 

For  convenience  in  description  I  divide  the  river  into  three  sections  in  reference  to 
the  cost  and  diflFiculty  of  improving  the  same.  All  obstructions  are  delineated  on  the 
tcrotnpanying  charts,  and  a  minute  description  of  the  same,  mile  by  mile,  would  be 
kaiious. 

FIRST  SECTION 

■^•inprises  the  distance  from  Thompson's  Bridge  to  the  end  of  the  fortieth  mile,  and 
«in  all  be  found  on  chart  No.  1. 

The  riFer  meanders  through  a  heavily  timliercd  valley  or  bottom  land  which  averages 
Alioiit  1  mile  in  width,  and  subject  to  overflow  during  floods.  The  margin  of  this 
vallry  and  the  high-water  banks  of  the  river  is  a  high  n)lliu^  country,  thickly  settled 
tt<«l  Well  cultivated.  In  its  meanderings  the  river  occasionally  strikes  this  high 
'^nntry,  and  in  such  cases  the  bluff  averages  from  20  t'O  30  feet  in  height. 

Timber  of  almost  every  variety  abounds  In  the  valley,  cypress,  pine,  and  beech  be- 

to  £ 
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iiig  the  most  prevalent,  but  owing  to  the  numerous  obstructions  in  the  stream  it  'ia 
never  rafted  to  a  market. 

The  obstructions  are  chiefly  trees,  which  have  fallen  in  by  the  caving  of  the  banks, 
caused  by  the  swift  current  during  floods.  The  general  character  of  the  stream  is  a 
succession  of  pools,  sometimes  over  a  mile  in  length  and  not  less  than  4  feet  in  depth, 
connecte<l  by  ripples  or  shoals,  there  often  being  not  more  than  1  foot  of  water  over 
them.  The  bed  of  the  stream  is  generally  gravel  or  sand,  and  the  shoals  are  invaiiably 
composed  of  these  materials. 

There  are  a  number  of  island  chutes  which  would  require  to  be  close<l,  as  the  river 
during  low- water  cannot  bear  any  diversion  of  its  volume  from  the  main  chaunel. 
But  few  cutrotts  exist,  and  those  that  do  have  been  made  by  the  river  itself  and  not 
bv  artificial  means.  The  average  width  of  this  section  is  100  feet,  with  a  least  depth 
of  1  foot;  maximum  velocity  of  current  at  high-water,  4.4  feet  per  second;  average 
velocity  at  low-water,  1.4  foot  jier  second.  The  obstructions  to  be  found  consist  of 
about  450  snags,  300  fallen  trees,  200  overhanging  trees,  and  20  standing  trees.  The 
removal  of  those,  together  with  the  closure  of  19  island  chutes,  and  cleariug  out  of 
two  cut-offs,  would  give  a  low-water  channel  of  20  inches.  One  bridge  would  have 
to  be  converted  int-o  a  draw  or  removed. 

The  removal  of  these  obstructions  would  cost  |300  per  mile,  making  a  total  for  the 
40  miles  of  $12,000. 

SECTION  NO.    2 

includes  from  the  fortieth  mile  to  the  junction  of  Bayou  Manchac,  73|  miles  from  the 
initial  point  of  the  survey,  comprising  33|  miles  of  river.  The  valley  of  the  river  is 
the  same  as  that  of  the  first  section,  but  the  width  and  depth  of  the  stream  are  greatly 
increased.  On  the  forty-first  mile  it  receives  from  the  west  its  first  tributary  of  any 
size,  Sandy  Creek,  and  on  the  fifty-sixth  mile  it  is  joineil  by  the  Comite,  a  stream  of 
about  one-half  the  volume  of  the  Amite.  The  addition  of  these  two  streams  increases 
the  average  width  to  175  feet.  The  present  least  depth  below  Sandy  Creek  is  2  feet, 
and  below  the  Comite  3  feet.  There  are  no  ripples,  and  the  velocity  of  the  current  is 
decreased,  the  fall  being  divided  over  the  entire  distance  instead  of  being  concentrated 
at  the  ripples  or  shoals.  The  maximum  velocity  is  2.2  feet  v>er  second,  minimum  0.4 
foot  per  second.  The  obstructions  to  be  removed  consist  of  about  175  snags,  140  fallen, 
100  overhanging,  and  35  standing  trees;  also  about  10,000  running  feet  of  bank  to  bo 
cleared  of  projecting  willows.  There  are  three  island  chutes  to  be  closed,  throe  cut- 
ofts  to  be  cleared  out,  aud  one  bridge  to  be  removed  or  ccmverted  into  a  draw.  The 
removal  of  these  obstructions  would  give  a  low-water  channel  of  3  feet. 

The  amount  required  is  estimated  at  $150  per  mile,  making  a  total  for  the  33.^  miles 
of  §5,025. 

SECTION  NO.   3 

comprises  from  Bayou  Manchac  to  Lake  Maurepas,  37  miles,  is  a  tide-water  bayou, 
with  ample  depth  for  all  ve4isels  navigating  it.  Before  the  closure  of  Bayou  Mancliac, 
this  bayou,  together  with  the  Lower  Amite,  formed  one  of  the  many  pjisses  through 
which  the  waters  of  the  Mississippi  found  their  way  to  the  Gulf,  and  was  then  known 
as  the  river  Bienville.  There  is  at  the  present  time  a  line  of  steamers  running  between 
New  Orleans  and  Hope  Villa,  on  Bayou  Manchac.  The  chief  obstructions  complained 
of  by  these  boats  are  the  bars  at  the  month  of  the  Manchac  and  at  the  mouth  of  the 
Amite  in  Lake  Maurepas,  but  as  no  line  was  run  npou  this  portion  of  the  sti-eam,  there 
is  not  suflicient  data  to  base  an  estimate  for  their  improvement  upon.  Any  improve- 
ment of  these  bars  would  necessitate?  the  same  npoutheoneat  the  Lake  Pontchartrain 
end  of  Pass  Manchac,  as  the  depth  of  water  upon  all  three  is  about  the  same,  vaxjing 
from  5  to  6  feet  at  low-water,  the  least  de|»th  being  during  the  prevalence  of  north- 
west winds. 

Four  and  a  half  miles  below  Manchac  is  the  town  of  Port  Vincent,  and  ftom  here  to 
Whitehall,  16  miles  below,  the  banks  are  quite  thickly  settled  ;  this  portion  of  the  river 
having  the  immediate  banks  the  highest  and  sloping  back  to  the  swamp.  From  White- 
hall to  the  lake  the  banks  are  swamp,  with  an  occasional  shell  bank.  The  obstnictions 
consist  of  45  snags,  26  fallen  and  42  overhanging  trees.  There  is  nowhere  in  the  river 
less  than  15  feet  of  water,  and,  except  during  floods,  the  current  depends  npou  the 
tide. 

An  estimate  of  $75  per  mile  is  miide  for  this  section,  making  the  total  amonnt  for 
the  37  miles  $2,775. 

RECAPITULATION. 

First  section,  40  miles^  at  $300  per  mile $12,OOU 

Second  section,  3IH  miles,  at  $175  per  mile ...- bfO^iy 

Third  section,  37  miles,  at  $75  per  mile 2,775 

Add  20  per  cent,  tor  engineering,  contingencies,  &c 3, 9t30 

Total 23.7(K> 
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Tlie  commerce  to  be  benefited  is  larjye  and  important,  as  the  river  is  bonlered  by 
plautatiouMf  the  moHt  of  which  are  engaged  in  the  cnltivation  of  cotton.  Should  the 
npper  river  be  opened  to  navigation,  at  least  10,000  bales  of  cotton,  besides  consider- 
able sugar,  com,  and  all  varieties  of  country  produce,  together  with  lumber  and  wood, 
would  tind  their  way  by  this  route  to  a  market.  At  present  all  yu-oduce  has  to  be 
hAnIe<l  overland,  either  to  the  Mississippi  Kivor  or  Jackson  Railroad. 

Staves,  shingles,  lumber,  and  wood  are  the  principal  products  of  the  lower  river, 
and  a  considerable  quantity  of  sugar  and  molasses  comes  from  ISayou  Manohac.  The 
nftnni  trade  would  be  large,  as  all  persons  residing  on  the  river  would  obtain  their 
ioippiies  by  this  route.  The  present  value  of  the  commerce  of  that  portion  of  the  river 
DaTigatedis  aboat  ^0,(K)0  per  annum. 

The  Amite  River  is  the  natural  drain  of  all  the  country  lying  between  it  and  the 
Mississippi  River,  and  its  headwaters  extend  far  up  into  the  State  of  Mississippi. 
The  bed  of  the  stream  is  not  sufficient  during  heavy  rains  to  carry  oil'  the  drainage  of 
this  immense  area,  and,  in  consequence,  itoverllowsits  entii*e  valley,  sometimes  rising 
1.')  to  IH  feet  in  24  hours,  this  being  its  range  betw^eeu  high  and  low  water  at  Williams's 
Uridge. 

Voiir  assistant  was  informed  that  in  years  past  the  subject  of  imxiroving  this  river 
had  been  agitated,  and  that  the  State  government  had  ajipropriated  ^75,000  for  that 
parpose.  With  this  appropriation  the  river  was  cleared  of  obstructions  as  far  up  as 
Deimis's  Mill,  22  miles  below  the  initial  point  of  the  present  survey. 

All  the  inhabitants  take  a  deep  interest  in  the  proposed  improvement,  and  your  aa- 
HiHtaut  and  his  party  were  treated  with  the  utmost  nosx^itality,  and  every  assistnuce 
reqiiireil  cheerfully  afforded. 
Ver}'  respeotfuUy, 

H.  S.  Douglas, 
^Mftintant  Kngincer. 

Maj.  C.  W.  HowKLi,, 

Corpse/  En(fintcr>t^  U.S.  A. 


exaillnation  for  a  canal  to  connect  the  waters  of  bayou 
teche,  at  charenton,  with  grand  lake,  louisiana. 

CTnited  States  Engineer  Office, 

Xeic  Orleans,  February  27,  1880. 

General:  I  have  the  lienor  to  submit  herewith  the  report  of  Assist- 
ant Kugjneer  H.  i\  Collins  of  an  examination  for  a  canal  to  connect  the 
waters  of  Bayou  Teche,  at  Charenton,  with  Grand  Lake,  Louisiana,  pro- 
videtl  for  by  joint  resolution  approved  June  28,  1879. 

A  plot  showing  the  location  of  the  proposed  canal,  and  profiles,  drawn 
tr)  a  scale  of  asVo?  ^^^^  ^^  forwarded  in  a  separate  package. 

Recommendations  of  Mr.  Collins  as  1o  plan  of  improvement  are  con- 
curred in.  These  will  be  found  in  his  report,  appended  hereto.  His 
estimates  are  also  approved,  and  can  be  expended  to  advantage  on  the 
work  daring  the  ensuing  fiscal  year,  viz,  $73,19(>.40. 

The  work  will  constitute  a  penujlnent  improvement,  in  the  ordinary 
acceptance  of  the  wonl  i^ermanent.  The  work  is  of  very  considerable 
iiuiK>rtauce,  as  set  forth  in  Mr.  Collins's  report. 

The  work  is  situated  in  the  collection  district  of  New  Orleans.  The  nearest  li^lit- 
lioiiM'  is  at  the  mouth  of  the  Atchafala^^a  River. 

Very  respectfully,  your  obedient  servant, 

C.   W.  IIOWELL, 

Major  of  Engineers. 

r»rig.  Gen.  II.  G.  Wright, 

Chief  of  Engineers^  U,  S.  A . 
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RKPOUT  OF  MIL   IT.   C.    COLLINS,   ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  l???!). 

Major  :  I  liave  tbc  honor  to  submit  the  followinjj  report  of  the  examination  for  a 
canal  at  Cliareuton,  to  connect  the  waters  of  Bayou  Tcche  at  Charenton  with  Grand 
Lake,  LouiHiana. 

I  arrived  at  Charenton  on  the  *2"2d  of  November,  and  fonnd  Mr.  Edward  Sillon,  E. 
Mayuard,  and  Alfred  Fusilier,  the  parish  surveyor,  who  gave  me  all  necessary  infor- 
mation about  land  lines  and  high  and  low  watermarks,  and,  with  other  citizens,  gave 
all  the  assistance  n  ?eded  in  measnring  distances  and  running  the  level  lines.  All  were 
very  much  interested  in  the  proposed  improvement. 

The  actual  distance  from  water  edge  in  the  lake  to  Bayou  Teche  is  5,594  feet  at  low- 
water,  but  for  the  canal  5  feet  in  depth  at  low-water  l,(fO0  feet  from  shore  line  in  tlu' 
lake  to  the  channel  must  be  added  to  this  distance.  The  land  crossed  is  an  old  sngar 
plantation.  All  was  once  in  cultivation,  btit  is  now,  except  a  small  field,  abandoned 
to  common  pasture.     It  is  entirely  free  from  tree^  or  stumps. 

There  is  no  swamp,  and,  though  no  borings  were  made,  the  nniversal  experience 
along  this  portion  of  the  Teche  in  digging  wells  for  stock  water,  &c.,  would  show 
that  there  is  no  quicksand  t-o  interfere  with  the  excavation  of  the  canal. 

At  the  time  of  the  survey  the  wind  had  blown  for  several  days  from  the  northwest, 
and  the  water  was  at  the  extreme  low  stage  only  reached  at  low  river  after  northers. 

In  the  Teche  the  water  wjis  1.593  feet  below  a  mean  low-water  mark  established  by 
Mr.  Fusilier  from  the  experience  of  many  years  on  the  bayou.  In  Grand  Lake  it  was 
2  feet  below  the  black  low- water  line  on  piles  and  cypress  trees  in  and  near  the  water. 

The  depth  in  the  lake,  when  the  channel  was  reached,  1,000  feet  from  shore,  was  4 
feet,  and  soundings  were  made  three-fourths  of  a  mile  further  with  no  change  of  depth, 
and  I  was  told  that  the  depth  was  nniform  entirely  across  the  lake  to  Bayou  Pigeon, 
but  that  it  >vas  deeper  northward  to  the  channels  leading  into  the  lake  from  the  Upper 
Atchafalaya. 

The  bottom  was  blue  mud,  qnite  stiff,  with  many  shells  of  gnathodon  clam,  both 
alive  and  dead  ;  and  the  shore  just  eastward  from  the  proposed  mouth  in  the  lake  is  a 
ridge,  15  feet  high  in  places,  of  the  same  shells. 

The  plantation  is  known  as  the  Mossy  Tract  and  belongs  to  the  Citizens*  Bank  of 
New  Orleans.  Mr.  Sillon  had  communicated  with  its  officers  and  had  found  them 
willing  to  grant  the  right  of  way  free ;  which  they  could  well  afford  to  do,  as  it  would 
give  them  a  permanent  levee  on  the  upper  line  of  the  plantation. 

The  height  of  water  in  the  Teche  was  0.097  foot  above  that  of  the  lake  November 
23,  and  at  low-water  there  is  seldom  any  material  difference  in  the  water  levels. 

The  flood  of  1874  was  the  highest  kuownin  Grand  Lake,  and  its  height  was  12.776 
feet  above  extreme  low-water,  reaching  to  within  500  feet  of  the' water  of  the  Teche, 
and  the  narrow  ridge  between  them  was  here  but  1.38;5  feet  high.  The  water  of  the 
Teche  at  the  same  time  was  2.889  feet  below  that  of  the  lake,  and,  though  the  highcht 
known  in  the  Teche,  was  but  9.790  feet  above  extreme  low-water.  The  low-water 
supply  of  the  Teche  is  mainly  by  Bayou  Fusilier  and  entirt^ly  from  rains  of  the  region 
to  westward  of  the  Teche.  The  waters  of  the  Teche  join  those  of  Grand  Lake  at  tlu* 
junction  of  the  Teche  and  Atchafalaya,  but  it  is  about  80  miles  around  by  water  from 
Charenton  to  the  lake  end  of  the  proposed  canal. 

Directly  across  Grand  Lake,  about  9  miles,  is  the  mouth  of  Bayou  Pigeon,  which 
forms  a  direct  navigable  connection  with  Grand  River  and  through  it  with  Pla<juemines 
Bayou,  and,  if  a  lock  should  be  made  in  this  bayou  so  as  to  rorm  a  connection  ouce 
more  with  the  Mississippi  River,  this  would  be  by  far  the  nearest  route  for  water  com- 
munication between  the  Teche  country  and  New  Orleans.  Before  that  time  it  would 
save  about  75  miles  over  the  present  route  and  connect  with  it  at  Butte-a-La-Rose  or 
below,  avoiding  the  worst  portion  of  the  present  channel,  and  having  a  low- water 
depth  1^  feet  greater.  There  is  a  network  of  bayous  between  the  Teche  and  the  Mis- 
sissippi River,  all  connecting  with  the  Atchafalaya.  Many  of  these  bayous  are  now 
closed  to  navigation  by  blocks  of  raft.  The  navigable  channels  and  those  capable  of 
being  made  so  could  only  be  known  on  a  full  careful  survey  of  the  entire  Atchafalayr 
and  its  connecting  bayous,  which  has  never  yet  been  made. 

For  this  canal  a  cut  50  feet  wide  at  the  bottom  will  be  sufficient  for  commerce,  ami 
banks  with  a  slope  of  1  to  1  will  probably  stand  in  that  kind  of  soil. 

A  basin  600  feet  long  and  100  feet  wide  is  proposed  about  the  middle  of  this  canal  to 
give  room  for  passing  of  boatis  and  a  place  for  them  to  lay  up  in  case  of  necessity.  The 
navigable  depth  of  the  route  will  be  at  mean  low  tide  of  ortlinary  low  wat^*r  5  to  li 
feet.  As  the  cut  requires  to  be  carried  out  1,000  feet  into  the  lake,  a  breakwater  may 
possibly  be  found  necessary  on  the  east  side,  which  is  the  only  one  exposed  to  dauger 
from  storms. 

This  proposed  canal  is  peculiar  in  one  respect.  At  times  of  sudden  risp  in  the  Missis- 
a'pi)i  or  break  of  its  levees,  Grand  Lake  in  some  extreme  case  may  rise  nearly  o  ft-ft 
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;iii:her  than  the  water  of  the  Teche.  This  extreme  difference  would  last  for  but  a  few 
ihiys,  bnt  a  ditference  of  nearly  2  feet  Avould  be  a  common  case  in  time  of  high- water 
in  Mi^issippi  River.  At  low-water  seasons  a  difterence  of  2  or  3  feet  is  at  times  found. 
Thi^  makes  a  lock  neceissary  in  the  canal ,  and  one  with  double  gates,  so  that  it  can  be 
ilshI  in  either  direction. 

The  amount  of  w^ater  for  lockage  would,  in  the  nature  of  the  case,  be  unlimited,  so 
*bat  two  abutments,  with  the  ^^tes  at  a  distance  of  500  feet  or  more  apart,  would  make 
A  lock,  the  sides  of  which  would  need  no  other  wall  than  the  earth  bank  of  the  canal. 
Tlie  abutments  canying  the  gates  would  need  to  be  long  enough  for  the  double  pair 
of  jrates.  The  wi<lth  of  the  clear  piissage  should  be  45  feet,  and  the  gates  would  re- 
maiu  open  at  all  times  when  the  diiferenco  of  level  was  so  little  as  not  to  cause  a 
•i<*oarinsr  current.  The  excavated  earth  would  form  embankments  far  above  all  over- 
riow.    Estimate  for  the  work  would  be  : 

^3.»=W  cuKic  yards  excavated,  at  25  cents §45,997  00 

tiates  and  abutments,  ap)>roxinmte 15, 000  00 

Ailcl  for  coutiugeucies  20  per  cent 12, 199  40 

Total 73,196  40 

The  commerce  to  be  benefited  by  the  proposed  canal  is  now  annually  15,000  cypress 
trin*,  which  hfive  to  be  towed  80  i^iles  farther  than  necessary,  and  35  of  which  is  over 
Jin  o|K»n  lake  where  ratts  are  frequently  broken  up  and  lost,  at  an  extra  expense  of  not 
le<.s  than  $1  each.  Five  hundred  thousand  barrels  of  coal  now  used,  at  an  extra  ex- 
IH*nse  of  not  less  than  5  cent«  per  barrel  for  towage  and  risk,  probably  nnich  more  than 
that.  The  entire  amount  of  all  the  lumber  now  used  on  the  Upper  Teche,  all  of  which 
i-omes  from  the  Upper  Grand  Lake  country  and  above,  and  all  of  the  fencing,  would 
also  be  saved 'that  distance  of  tow-age,  as  it  also  comes  from  the  swamp  bayous  of 
The  Upper  Atchafalaya  region,  passed  the  head  of  Grand  Lake.  The  amount  of  these 
ih  not  knowD,  but  is  very  great.  Also,  all  the  sugar  and  cotton  raised  in  the  Teche 
country,  and  that  coming  down  it  from  farther  west,  would  have  a  route  shorter  by  75 
miles  than  at  present,  and  a  low-water  depth  li  feet  gi-eater  at  least. 

Commerce  would  be  greatly  increased  as  the  lands  of  the  bayou  and  those  of  the 
prairie  countr>''  to  westward  were  brought  more  fully  into  cultivation. 

This  canal,  however,  forms  bnt  a  connecting  link  in  the  /general  plan  for  improve- 
ment of  the  bayous  of  the  whole  delta  region.  Although  it  alone  would  be  of  great 
henefit  to  the  inhabitants  of  the  Teche  country,  its  value  would  be  greatly  increased 
if  the  work  on  the  Teche,  Atchafalaya,  and  its  connections  above  with  Red  River  and 
C^onrtablean,  knd  the  shorteue<l  route  into  the  Mississippi  by  way  of  the  Plaquemines 
Bayou  were  completed. 

Plot  and  profile  of  the  canal  are  made  on  scale  of  r!hnf 
Yours,  respectfully, 

H.   C.   COLLIXS. 

Maj.  C.  W.  Howell, 

Corp9  of  Engineers y  U.  S,  J. 


summary  op  preceding  reports  on  examinations  and  surveys 

of  water  courses  in  louisiana. 

United  States  Engineer  Office, 

Neto  OrleanSj  Febrvary  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Eugineer  H.  C.  Collins  on  the  various  surveys  and  examinations  recently 
wade  in  Louisiana,  under  my  direction,  as  provided  for  in  the  river  and 
harbor  act  approved  March  3, 1879.  This  report  is  a  summary  of  the 
difierent  reports  of  examinations  and  surveys,  and  a  condensation  of  the 
plans  and  estimates  submitted  with  a  view  to  the  genera^  improvement 
of  the  water  courses  surveyed. 

Very  respectfully,  your  obedient  servant, 

C.  W.  HOA\rELL, 
Major  of  Engineers* 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8,  A. 
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REPOUT  OF  MR.    II.    C.   COLLIN8,   ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major:  Tbe  surveys  on  which  Messrs.  Douglas,  Hoffman,  Elms,  and  myself  have 
boon  en«;agc'il  since  the  hist  annual  report  can  bo  divided  by  the  Mississippi  River  into 
two  parts. 

The  portion  ejist  of  the  Mississippi  consists  of  examinations  of  the  Pearl  River, 
Mandeville  Harbor,  Tchefuncte  River,  Tangipahoa  River,  the  Tickfaw  and  its  bauches, 
Ponchatoula,  Natalbauy,  and  Blood,  and  tlie  Amite  rivers. 

A  large  portion  of  the  work  required  on  these  streams  consists  of  removal  of  snags, 
logs,  and  trees  from  the  channel,  and  overhanging  trees  from  their  banks,  but  incliiues 
some  dredging  at  the  entrances  of  Tchefuncte  and  the  Bayon  Castain  at  Mandeville. 

Fuller  data  are  necessary  than  could  possibly  be  obtained  for  Pearl  River  before 
finally  determining  on  the  exact  ronte  for  the  new  channel  to  follow.  The  distanct* 
to  be  examined  and  the  time  possible  to  spend  npon  it  were  so  disproportionate  that 
but  one  lino  could  be  followed.  Should  an  appropriation  be  made  for  work  on  the 
lower  portion  of  the  river,  a  few  weeks  will  be  required  for  its  further  examination, 
not  in  regard  to  the  possibility  of  improving  it  or  the  necessity  of  so  doing,  but  only 
the  details  necessary'  for  deciding  on  the  ronte  to  be  followed. 

The  importance  and  feasibility  of  the  improvement  were  fully  shown  by  the  exami- 
nation. 

The  harbor  at  Mandeville  can  ejwily  bo  made,  and  such  a  harbor,  besides  accommo- 
dating the  trade  of  the  town,  would  frequently  prove  a  safe  harbor  of  refuge  for  ship- 
ping during  the  gales. 

There  is  little  work  to  be  recommended  for  the  Tchefuncte  River.  Some  removal  of 
snags  and  trees  will  be  useful  and  is  needed,  but  it  is  not  practicable  jto  much  improve 
the  river  except  at  great  expense,  not  warranted  by  the  good  to  be  derived,  but  an 
improvement  of  the  bar  where  it  enters  Lake  Pontchartrain,  so  that  it  will  be  possible 
to  cross  at  any  time,  is  very  much  needed,  and  will  be  but  a  slight  expense  compared 
witli  its  importance  as  a  hai:bor  of  refuge  for  the  shipping  on  the  lake,  as  well  as  for 
the  vessels  going  into  the  river  during  the  frequent  gales. 

The  examination  of  Tangipahoa  River,  which  was  made  last  winter  by  Mr.  Douglas 
too  late  for  action  by  Congress  at  that  time,  showed  that  the  exjiense  of  carrying  navi- 
gation nearly  60  miles  up  that  river  would  not  be  great,  and  that  it  would  give  a  great 
relief  to  farmers  in  transportation  of  their  produce  and  for  manufacturers  who  nave 
begun  business  on  its  banks. 

The  improvement  of  Tickfaw  River  and  its  tributaries,  costing  but  little  in  all, 
would  open  an  extensive  and  valuable  country  to  commerce,  and  very  much  imjirovo 
the  facilities  for  that  at  present  existing. 

Mr.  Douglas's  survey  of  and  rejiort  on  the  Amite  River  shows  the  importance  of  that 
stream  to  a  Large  tract  whose  only  outlet  to  market  it  is,  and  the  great  help  which 
extension  of  the  navigation  about  60  miles  above  its  present  head  would  be  to  the  iii- 
habitauts  near  it.  The  improvement  of  the  rivers  emptying  into  Lake  Maurepas 
would  lose  much  of  its  importance  unless  Pass  Manchac,  connecting  Lake  Maurepas 
with  Lake  Pontchartrain,  should  also  be  improved. 

Although  no  survey  of  this  pass  was  made,  it  was  ascertained  from  parties  consid 
cred  reliable  that  the  depth  of  water  over  the  bar  at  the  entrance  of  the  pass  into 
Lako  Pontchartrain  was  only  5  feet  at  ordinary  low-water,  and  during  northers  nearly 
a  foot  less.    Five  thousand  dollars  would  probably  increaso  the  depth  to  the  advan- 
tage of  commerce  through  the  pass. 

The  examinations  west  of  the  Mississippi  River  were  on  bayous  of  the  delta  of  that 
river,  where  the  present  commerce  is  immense  and  constantly  increasing. 

One  class  of  these  bayous  has  lost  the  connection  with  the  Mississipju  which  the 
other  class  yet  retains,  and  must  be  treated  in  a  different  manner  from  those  receiv- 
ing their  supply  from  the  Mississippi. 

Bayou  Terrebonne  is  the  only  one  examined  belonging  to  this  class.  The  entire 
class  are  now  merely  tide-bayous,  and  at  their  sea-ends  the  shoal  bays  are  encroach- 
ing on  the  sea-marsii  banks  and  tending  to  level  down  the  little  irregularities,  not 
probably  taking  the  10-foot  curve  of  the  Gulf  at  all  shoreward,  but  on  the  contrary 
advancing  it,  \vhile  washing  away  the  narrow  strips  of  sea-marsh  near  the  outer  end's 
of  the  bayous,  which  were  always  covered  at  hi^h  tides. 

So  long  as  the  connection  with  the  Mississippi  remains  open,  as  is  the  case  with  La 
Fourche,  the  bayou  will  retain  its  side  walls  of  sea-marsh  and  gradually  push  them 
seaward,  while  waves  of  the  Gulf  pile  up  a  portion  of  the  material  carried  out  as  a 
chain  of  coast  islands. 

Between  the  mouths  of  La  Fourche  and  Atchafalaya  the  whole  delta  front  now  ap- 

Scars  to  be  undergoing  this  rounding-off  and  leveling  process.  There  are  many 
ayous  included,  all  of  which  have  lost  their  connection  with  their  former  source  of 
supply  in  the  Mississippi.  Terrebonne  and  Timbalier  bays  have  become  practically 
but  one  bay  by  the  disa)tpcarance  of  the  narrow  tongue  of  sea-marsh  which  divided 
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them  ill  IcftiO,  which  was  made  and  sustaiucd  only  by  additions  received  from  the 
>Ii!«i{toiippi  through  Bayou  Terreboune. 

80  far  aM  Hayoii  Terrebonne  and  similar  bayous  are  concerned,  no  help  can  be  ^iven 
them  which  will  materially  improve  them,  except  some  lide-water  canal  which  should 
coiiiioct  the  whole  region  from  the  Mississippi  west,  dredging  through  the  sea-marsh 
lul lowing  the  course  of  available  bayou,  bay,  and  lake  ciiannels  to  save  dredging, 
o|>eniug  iu  this  way  the  entire  seaboard  to  internal  navigation  to  the  Texas  State  line 
at  li>a»t.    Tlie  subject  was  noticed  in  the  report  on  the  inland  water  route  in  1874. 

Parts  of  this  work  are  now  being  done  by  private  enter|)rise  on  different  charters 
from  the  8cate.  There  are  several  such  canals  that  have  been  abandoned,  and  those 
that  are  kept  open  cost  about  as  much  for  repairs  as  the  receipts  from  tolls  amount  to. 

The  n*mainder  of  the  bayous  examined  are  those  which  connect  with  the  Atchafa- 
lava.  The  tirst  of  these  is  Bayou  De  Glaise,  which  enters  the  Atchafalaya  at  Simms- 
jiort,  a  few  miles  below  its  hea4l.  It  is  only  for  a  few  months  of  the  yeiir  that  there 
iHany  natural  supply  of  water  for  open  navigation  of  this  bayou,  and  that  comes  from 
Red  River  or  back-water  from  the  Mississippi.  Lake  Pearl  is  its  head.  The  lake  and 
its  adjoining  low  cypress  swamps  will,  as  a  reservoir,  hold  a  supply  sufficient  to  last 
thnnigh  any  but  protractetl  droughts  for  lockage  of  the  low-water  season. 

I^cvel-liue8  wore  not  run  on  any  of  these  examinations,  but  sufficient  data  were  ob- 
tained from  high-water  marks  and  height  reached  by  any  given  back-water  to  6»how 
that  it  will  take  but  three  locks,  each  of  which  would  reciuire  a  lift  of  7  to  8  feet,  to 
ojwn  this  rich  and  productive  country  to  commerce  throughout  the  year. 

The  plan  for  needle-dams,  with  permanent  supports  for  the  needles  and  abutments 
for  the  gates  about  200  feet  apart,  usin^  the  walls  of  the  bayou  as  lock-walls,  is  appli- 
cable to  this  bayou.  The  ]dan  is  a  roochtication  of  that  so  extensively  in  use  in  France, 
aud  U  so  changed  as  to  fit  the  peculiar  circumstances  of  these  bayous.  At  high-water 
nwilles  would  be  removed  and  gates  opened,  giving  free  passage  25  feet  wide. 

Evergreen  village  is  7  miles  from  what  would  be  the  head  of  permanent  navigation 
with  these  improvements ;  it  is  situated  on  **  The  Bay  Hills."  Valleys  are  cut  through 
this  high  land,  the  one  between  Avoyelles  Prairie  and  Bay  Hills  being  occupied  by 
the  De  Glaise  and  Bayou  Rouge,  a  connecting  bayou,  whrcb,  durinc  very  high  water 
takert  some  of  the  water  from  Bayou  De  Glaise,  2  miles  below  Lake  Pearl.  Bayou 
Rouge  is  joined  by  Bayou  Huffpower  from  the  Bceuf,  and,  running  to  the  southeast, 
reaches  the  Atchafalaya  at  Churchville,  where  it  has*  a  dam  to  retain  its  water  for 
navigation,  Tvhich  would  otherwise  be  like  that  of  the  De  Glaise.  A  small  steamer 
brings  out  freight,  and  it  is  transferred  across  the  levee  at  Churchville  to  larger 
steamer  iu  the  Atchafalaya.  The  Bieuf  runs  in  great  sweeping  bends,  such  as  must 
have  Iteen  made  by  some  much  larger  stream  than  it  now  is.  It  passes  between  the 
Bay  BiIIh  and  the  bluffs  of  Rapides  and  Saint  Landry  parishes,'  which  it  touches 
ouly  uear  the  town  of  Washington  for  a  few  miles,  but  the  drainage  of  which  now  fur- 
nishes the  entire  supply  of  water  for  its  navigation,  as  the  former  connection  with 
Ked  River  has  been  cut  off  by  dams  on  Bayou  Robert  and  Bayou  Rapides.  The  Red 
River  deposit  is  ftmnd  throughout  the  whole  series  of  Bayous  Teche,  Bojuf,  Vermill- 
ion, and  Atchafalaya ;  beneath  it  is  this  blue  clay,  wherever  banks  are  so  washed  as 
to  liijKlose  their  ancient  courses. 

The  BuMif  is  now  like  a  canal  in  its  cross-section,  and  needs  but  locks  to  make  it  one 
in  fact.  Aliove  Washin^on  the  width  of  gates  need  not  exceed  25  feet  and  the  length 
of  locks  200  feet,  which  is  sufficient  for  its  commerce  and  that  of  the  De  Glaise,  out 
)>eluw  Washington  the  width  should  be  45  feet  and  the  length  300  feet  as  well  as  on 
the  Teche. 

The  reports  on  the  Bceuf,  Courtableau,  and  Teche,  contain  the  results  of  their  ex- 
aminations, but  there  is  need  of  a  thorough  survey  of  the  Atchafalava  and  its  many 
connecting  branches,  known  under  many  names,  including  Grand  Lake  and  the  whole 
^ries  of  channels  from  Red  River  down  to  Atchafalaya  Bay.  Small  portions  of  these 
have  lieen  at  times  surveyed,  but  there  is  no  connected  accurate  chart  of  the  whole 
IK>f»i1)le  from  existing  data. 

The  connection  of  the  whole  series  with  the  Mississippi  will  probably  be  by  means 
of  a  lock  in  Bayou  Plaquemine,  and  by  this  route  will  the  commerce  of  the  Red  River 
and  its  tributaries,  as  well  as  the  western  delta  bayous,  reach  New  Orleans,  which 
is  the  natural  center  of  the  whole  delta  country. 

Major  Benyaurd  has  made  a  survey,  plans,  and  estimates  for  the  improvement  of 
this  route  in  connection  with  the  Red  River ;  for  this  bayou  navigation  it  is  fully  as 
important  aa  for  Red  River. 

Xowhere  else  in  the  Unitwl  States  are  the  conditions  similar  to  those  of  this  Missis- 
sippi region.  In  other  places  ridges  form  the  divides  between  streams  and  water 
runs  to  the  streams. 

The  area  of  tillable  land  includes  in  most  cases  all  the  land  between  where  it  is  not 
mountainous,  except  those  bottom-lands  on  the  immediate  banks  of  streams  subject  to 
■^  great  an  overflow  as  to  endanger  cultivation,  while  here  in  the  delta  all  the  tillable 
iaudisoii  the  inimodiatc  banks  of  present  or  extinct  streams,  and  the  slope  is  back 
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towards  swamps  wliich  receive  the  drainage  and  the  overflow  of  the  bayons,  and  which 
are  covered  with,  cypress  forests  on  the  older  swampS;  or  with  sea-marsh  below  near 
the  Gulf.    These  banks  are  the  only  ridges. 

From  the  dependence  of  these  bayons  on  the  Mississippi,  or  Red  River,  for  their  supfdy 
of  water  above  the  level  above  which  tide- water  rises,  many  of  them  have  so  little 
water  that  they  are  nseless  for  pnrposes  of  navigation  during  all  the  low -water  season, 
during  which,  in  the  sugar  and  rice  distficts,  including  all  below  Red  River,  the 
greatest  depth  is  required  for  transportation  of  the  products. 

Railroa<ls  cannot  supply  the  want  of  transportation  in  this  region,  as  wagon-freight- 
ing is  difficult  from  softness  of  the  roads.  Sugar  houses  and  other  buildingn  are.  \^-lieu 
possible,  built  on  .the  banks  of  bayous  in  onler  the  more  easily  to  roll  freight  to  and 
from  boats. 

The  plan  recommended  of  making  slack  water  navigation  for  all  these  bayous,  by 
making  such' locks  as  are  needed  to  accomplish  this  object,  and  so  making  the  looks 
that  during  high-wat«r  the  gates  can  be  opened,  aud  needles  of  the  dams  removed, 
so  that  the  current  shall  have  free  passage  and  sweep  out  the  sediment  deposited  at 
low- water  seasons,  will  cost — 

For  Bayou  De  Glaise,  about $50,000 

For  Bceuf  aud  Courtableau,  about 110,000 

ForTeche,  about (50,000 

For  Charentou  Canal,  about 70,000 

Total 290,000 

Tho  benefits  to  be  derived  from  making  the  iinprovements  recoramende<l  in  this  re- 
port cannot  be  even  approximately  estimated.  The  plantations  along  all  the  bayous 
would  have  good  water  communication  throughout  the  year. 

The  bayous  t-o  which  it  is  proposed  to  apply  this  system  of  slackwat^r  navigation 
are,  in  fact,  bnt  natural  canal  channels,  wanting  but  the  locks  to  make  them  usi'ful. 
Here,  of  all  the  streams  on  this  continent,  is  the  place  to  apply  this  system  of  improve- 
ments on  a  large  scale,  whete  the  good  to  be  derived  from  it  will  be  greatest  while  its 
first  cost  is  lowest. 

You  1*8,  respectfully, 

*  H.  C.  COIXIN'8, 

A88i9iant  Engineer, 
Maj.  C.  W.  Howell, 

Corps  of  Engineers f  U.  S.  A, 
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IMPBE0VE:MEXT  of  rivers  and  harbors   in  the  state   of  TEXAS. 


rkport  of  major  s.  m.  maxsfield,  corps  of  engtxeers,  bvt.  lieul. 
cffl,  u,  s,  j.,  officer  in  charge,  for  the  fiscal  year  exdixg 
jixe  :u>,lfm,  with  other  documents  relatixg  to  the  works. 

United  States  Engineer  Office, 

Galveston,  Tex.,  July  17,  1880. 

(fENEBAL :  I  have  the  honor  to  forward  herewith  my  annual  reports 
nelatiDg  to  the  works  of  river  and  harbor  iiniirovenients  under  my  charge 
lor  the  year  ending  June  30, 1880. 

Very  respectfully,  your  obedient  servant, 

S.  M.  Mansfield, 
Major  of  Engineers, 
Brevet  Lieutenant- Colonel,  U.  S.  A. 

Brig.  Gon.  H.  G.  Wright, 

Chief  of  Engineers,  U.  S.  A. 


N  I. 

IMPROVEMENT  OF  SABINE  RIVER,  TEXAS. 

Eeport  and  estimates  (survey  of  mouth  of  river)  for  improvement  were 
made  April  28,  1871. 

Eeport  of  survey  of  "the  bar  at  the  mouth  of  Sabine  Eiver,  in  Sabine 
Lake,  and  to  extend  up  the  main  channel  of  said  river  to  Belzoria,  Tex.,'^ 
together  with  estimates  for  improvement,  was  rendered  in  1873. 

The  ai>propriation  of  1878,  $10,000,  to  be  applied  to  dredging  a  chan- 
nel 5  feet  deep  across  the  bar  at  the  mouth  of  the  river  to  a  deptli  of  5 
feet  in  Sabine  Lake  at  mean  low-tide,  with  a  minimum  width  of  100  feet 
or  more,  or  so  much  thereof  as  the  appropriation  will  permit. 

The  appropriation  of  1879,  $6,000,  "for  improving  narrows  of  Sabine 
River  above  Orange,  Tex.,  and  to  deepen  the  channel  at  the  mouth  of 
the  Sabine  Eiver,''  is  to  be  applied  to  improving  "The  Narrows." 

PROGRESS  MADE  DURING  l^EAB  ENDING  JUNE  30,  1880. 

Dredging  (under  the  contract  of  June  10, 1879,  with  Mr.  Seth  K  Kim- 
ball) began  August  15. 

It  having  been  found  impossible  to  load  scows  by  reason  of  shoal  water, 
one  cut  was  made  through  the  bar  and  th^  material  thrown  on  the  north 
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bank.  Tliis  cut  (about  4,000  feet  in  length)  was  completed  in  October, 
and  a  depth  of  5  feet  mean  low-water  obtained  for  almost  the  entire 
length  of  the  cut.  The  widening  and  deepening  of  the  channel  across 
the  bar  was  continued  during  October,  November,  December,  1879,  and 
January,  1880,  all  material  excavated  being  removed  in  scows  to  suit- 
able dumping  grounds.  From  August  15, 1879,  to  January  31, 1880,  the 
amount  of  material  dredged  amounted  to  40,320.2  cubic  yards. 

February  1, 1880,  the  contractor  was  permitted  to  remove  his  dredge- 
boat  to  the  Neches  Bar^  with  the  understanding  that  the  dredge-boat 
should  return  to  the  Sabine  Bar  and  work  out  the  balance  of  the  appro- 
priation. In  June  the  contractor  returned,  and,  by  dredging  and  remov- 
ing lumps  left  in  the  channel,  completed  the  terms  of  his  contract  on 
June  22,  having  removed  2,247.2  cubic  yards.  This  additional  dredging 
left  a  completed  channel  the  entire  length  across  the  bar  6  feet  and 
deeper  at  mean  low-tide,  and  from  70  to  100  feet  in  width. 

PROBABLE  OPERATIONS  OF  THE  YEAR  ENDING  JUNE  30,  1881. 

March  20, 1880,  a  report  was  submitted  with  tracings  of  map  covering 
the  resurvey  of  "The  Narrows,''  made  under  the  provision  of  section  2 
of  the  act  of  Congress  approved  March  3, 1879,  making  appropriations 
for  the  construction,  repair,  preservation,  and  completion  of  certain 
works  of  rivers  and  harbors  and  for  other  purposes,  and  it  was  then 
determined,  with  the  appropriation  of  $6,000  made  in  sanie  act,  to  im- 
prove that  portion  of  the  river  above  Orange  known  as  "The  Narrows,^' 

by- 

1.  Making  a  cut-off  from  the  main  river  into  "The  Narrows"; 

2.  Constructing  a  dam  across  "Old  Eiver"  to  increase  the  volume  of 
water  flowing  through  "The  Narrows";  and 

3.  Removing  all  sunken  logs  and  snags  from  the  upper  5  miles  of  "  The 
NaiTows." 

An  advertisement  bearing  date  May  25, 1880,  invited  proposals  for 
the  improvement  above  mentioned. 

The  following  is  an  abstract  of  bids  received  in  response  to  the  adver- 
tisement: 
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Bidilcrs'  nanies  and  rcaiilcnces. 


1  Willinin  Mulvej',  Oranjje  P.  O.,  Orange  County,  Texas 

2  '  F.  A.  Uyatt,  Orangts  Orange  County,  Texas.  .1 
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The  i)roposal  made  by  William  Mulvey  was  informal,  no  sureties,  and 
otherwise  defective  in  all  essential  particulars;  and  that  of  F.  A.  Hyatt, 
though  formal,  was,  in  the  aggregate,  beyond  the  limit  of  available  funds. 

Both  bids  were  recommended  to  be  rejected;  and  for  the  expenditure 
of  the  money  to  advantage,  it  was  recommended,  June  28,  to  readvertise 
for  bids  covering  the  work  contemplated  by  the  cw^o^and  the  removal 
of  logs  and  stia^s;  deferring  for  a  while  the  construction  of  the  dam. 

Appropriated  by  act  of  June  14, 1880,  $5,000. 

Kecently,  attention  has  been  called  to  the  fact  that  the  dredged  chan- 
nel through  the  bar  at  the  mouth  of  the  river  requires  to  be  staked  out ; 
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inpliiiut  Ixiing:  made  that  tlie  cliaimel  is  diificult  to  navigate,  owing 
10  the  accumulation  of  dredged  material  upon  the  north  bank. 

U  HHiuisite  authority  (.just  asked  for)  be  given,  a  number  of  cypress 
piles,  40Q  to  500  feet  apart,  will  be  driven  with  the  direction  of  the  bank 
and  marking  the  channel,  so  as  to  satisfy  all  demands  of  commerce  there, 
di  a  cost  of  $250. 

It  is  expected  that  after  completing  the  work  of  making  cut-off  and 
ii^moving  obstructions  to  navigation,  as  well  as  marking  out  the  dredged 
channel  at  the  mouth  of  the  river,  there  will  remain  a  balance  which 
may  he  sufficient  to  construct  the  dam  across  Old  liiver,  if  considered 
ntffe.SvSary,  or  which  may  be  applied  to  dredging  channel  across  bar  at 
the  luoutli  of  the  Sabine  River,  as  may  be  better  determined  hereafter. 

ORKUNAL  ESTIMATKS. 

Work  :it  mouth  (Report  iJ^l) $3H,000 

Kuaiuviug  snags,  &c.  (Report  1873) 18,000 

Total 56,0(30 

Ai»propriat4icl(ltf7rf  to  1880) 21,000 

rnapproptiated  balance 35,000 

This  balance  can  be  profitably  expended  in  continuing  improvements 
in  accordance  with  plans  heretofore  recommended ;  the  work,  especially 
tlie  cut  through  the  bar,  is  not  considered  permanent;  estimates  for 
luaintaiuiug  the  na\igability  of  the  river  are  merely  based  uj)on  con- 
ji-cture,  and  are  liable  to  modification  from  year  to  year. 

Full  report  of  resurvey  recently  made  in  accordance  with  act  of  Con- 
gress approved  March  tJ,  1879,  '<  Itesurvey  of  Sabine  River  from  its 
mouth  to  East  Hamilton,^  accompanies  this  report. 

The  work  is  located  in  the  collection  district  of  Galvcsfon.  The  nearest  light-Louse 
^  at  Sabine  Pass. 

Money  statement, 

July  I,  1H71),  amount  available ^15,546  81 

Auionnt  appropriated  by  act  apx^roved  June  14,  1880 5, 000  00 

$20,  r>4G  81 

.'illy  1,  IKHO,  amount  expended  during  fiscal  year 8, 701  57 

lulyl,  \>9*Q,  outstanding  liabilities 827  37 

9, 528  94 

Jnly  1,  IH;^,  amount  available 11,017  87 

Anionnt  (cHtimatcd)  required  for  completion  of  existing  iiroject 21 ,  000  (X) 

Auuuiit  that  cau  be  profitably  expended  in  fiscal  year  ending  June  30,  \^&Z.    21,  000  00 


ntSlRVEY     OF    SABINE    llIVER,   TEXAS,   FROM    ITS    MOUTH    TO    EAST 

HAMILTON. 

KKPORT  OF  MH.  J.   S.   rOLHEMUJf,  ASSISTANT  EXGIXEER. 

Bolivar  Point,  Tkx.,  Man  '^^y  1^^^- 
Cai'taix:  I  have  the  honor  to  submit  the  following  report  of  the  survey  and  exani- 
■'^ution  of  the  Sabine  River,  from  East  Hamilton  to  its  mouth,  made  under  your  di- 
•'•ttiou  from  Septemlier  29  to  December  «,  1879. 

the  SURVEY. 

Owiiijr  to  the  small  appropriation  (|1,800)  for  nearly  2G0  miles  of  river,  the  survey 
-"•lid  belittle  more  than  a  cnreful  reconnaissance. 

A  f'onipass  line  was  run  with  a  Gurley  transit  and  the  distances  measured  with  a 
•*J«lia,  the  adjustment  of  the  hairs  being  frequently  tested  on  a  base  measured  with 
•  ^tcel  tape. 


1196  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

The  line  was  plotted  in  the  field  on  the  ri<rht-hand  pa^e  of  the  note-book,  and  the 
topography  on  either  side  sketched  in.  Soundings  were  taken  at  least  every  50U  feet, 
and  at  every  mile  or  two  a  cross-seotion  was  sounded. 

The  snrvey  terminated  in  the  cnt  just  dredged  across  the  bar  at  the  mouth  of  the 
river,  in  Sabine  Lake.  • 

The  length  of  line  measnred  was  256  miles,  and  tlie  sighti*  averaged  about  live  to 
the  mile.     In  that  part  of  the  river  called  **  The  Narrows,"  extra  care  was  taken. 

The  field  work  closed  December  6,  and  the  party  arrived  in  Galveston  December  "^j 
being  away  seventy  days,  of  which  ninet^jen  nays  were  consiuued  in  traveling. 

The  stage  of  the  river  was  particularly  favorable  for  a  survey  made  with  a  view  to 
improving  the  navigation,  being  the  lowest  known  in  several  years;  so  that  all  ob- 
structions, such  as  sand-bars,  rocky  and  gravelly  shoals,  snags,  fallen  trees,  sunken 
logs,  &c.,  were  visible  and  could  be  noted. 

At  no  time  during  the  survey  was  the  water  more  than  1^  feet  above  extreme  low. 

A  maji  of  the  river  from  East  Hamilton  to  Sabine  Lake  has  been  made  on  eleven 
heets,  on  a  scale  of  Trn'oTy* 

It  was  not  ccmimenced  until  February  2,  1880,  as  immediately  after  finishing  the 
fi.dd  work  of  the  Sabine  I  received  orders  to  make  a  similar  survey  of  the  Neches  liiver. 

GENERAL  CHARACTER  OF  THE  RIVER. 

« 

From  East  Hamilton  the  Sabine  River  flows  in  a  general  southerly  direction  for  247 
miles,  forming  the  boundary  between  the  States  of  Louisiana  and  Texas,  Its  course, 
for  the  most  part,  is  very  tortuous  and  lies  through  rich  bottom  lands,  from  2  to  5  miles 
in  width,  which  are  subject  to  overflow  in  high-wati^r,  and  are  covered  with  a  luxuri- 
ant growth  of  hard- wood  timber,  such  as  oak,  ash,  hickory,  black  and  sweet  gum,  &c. 

These  bottom  lauds  are  not  cultivated  and  are  bounded  on  each  side  by  the  higli 
rolling  laud  covered  with  pine  forests.  The  lowest  i)lj»ces  usually  have  a  growth  of  cy- 
press or  tubular  gum. 

The  S.ibine  River  from  East  Hamilton  down  has  no  large  streams  as  tributaries,  and 
the  water-shed  is  very  narrow  ;  hence  the  ]»enod8  of  hijh-wat«r  depend  almost  en- 
tirely on  the  rains  of  upper  prairie  countries  and  are  very  in*egular  in  their  times  and 
duration. 

At  East  Hamilton  the  banks  are  about  23  feet  high  above  the  low-water,  and  the  ex- 
treme range  of  water  is  25  feet. 

The  water-way  at  this  pla#©  at  low-water  is  120  feet  wide,  and  averages  only  about, 
100  feet  for  the  next  50  miles  below.     It  widens  to  1.50  feet  at  Belgra<le. 

The  upjier  i:J5  miles  of  river  by  this  survey,  or  to  what  is  called  the  "  Raft,"  may  bo 
considered  as  a  series  of  x)ools  at  low-wat-er,  held  up  by  i-ocky  ledges  qf  sandstone, 
and  gravelly  shoals  of  fen\uginou8  conglomerate  or  sand  bars. 

In  several  places  the  rocky  strata  cross  the  river,  forming  shoals  and  rapids  that 
render  navigation  impossible  at  low-water.  The  most  noted  of  these  rocky  shoals 
occur  just  below  Sabinetown,  and  at  Goodwin's  Ferry,  where  a  fall  of.  1^  feet  wa.s 
observed  in  a  distance  of  100  feet. 

The  river  is  very  tortuous  in  its  course,  and  at  low-water  varies  constantly  in  its 
de/pth  from  10  feet  and  over  to  only  a  few  inches. 

The  concave  banks  are  clay  and  usnally  steep  and  caving.  Wlien  the  water  is  high, 
or  at  half  banks,  it  undermines  the  trees  growmg  at  the  eilge,  which  fall  and  often  lie 
across  the  entire  water-way  and  rest  on  the  opposite  shore. 

The  sand  bare  are  quite  numerous,  and  lie  diagonally  a4.*ross  the  river 

Occasionally  the  river  in  its  ccnirse  touches  the  bluffs  or  high  land,  some  of  which  ai*o 
not  less  than  100  feet  high. 

A  fcAv  farms  appear  on  the  upper  part  of  the  river,  and  cotton  and  com  are  culti- 
vated. 

Just  above  Stark's  Ferry,  135  miles  from  East  Hamilton,  the  "Raft"  begins.  It  is 
that  portion  of  llio  fiver,  some  11  miles  in  extent,  formed  about  fifteen  years  ago  by 
thd  opening  up  of  a  bayou  or  slough,  and  its  gradual  enlargement  as  the  original  chan- 
nel (or  Old  River)  became  choked  with  drift.  This^section  of  river,  known  as  the 
"  Raft,"  is  about  150  feet  in  width ;  it  presents  many  difiiculties  to  navigation  an<l 
causes  much  annoyance  to  lumbermen  while  lioatiug  down  logs. 

The  current  is  swift  and  the  channel  crooked  and  shallow  at  low-water,  as  shown 
on  the  sketch.  It  contains  a  great  many  hard-wood  snags  and  fallen  trees,  but  since 
the  Old  River  has  become  entirely  closed  it  is  washing  jmt  and  improving. 

Belgrade,  at  the  lower  end  of  the  **  Raft,"  is  90  miles  from  Orange ;  one  family  lives 
here  and  keeps  a  small  store. 

From  Belgrade  the  river  considerably  improves  until  the  Narrows  are  reached.  It 
will  average  200  feet  in  width  and  is  less  obstructed  by  snags  than  the  river  alM)vc. 

Throughout  all  this  part  of  the  river  very  little  good  arable  land  exists  in  the  imme- 
diate vicinity  of  its  banks. 

The  chief  industry  is  the  timber  business,  and  large  and  valuable  rafts  of  pine  and 
cypress  logs  are  floated  down  to  the  mills  at  Orange. 
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KVIiaUle  infonnatiou  as  to  Hood-levels  and  periods  was  difficult  to  obtain,  as  tlicy 
uiy  so  uiiich  every  year.  The  wint4^r-ri8e,  however,  usually  begins  in  December,  and 
iahtM  ahont  three  or  four  months.  The  extreme  range  between-  high-water  and  low- 
wAtiT  is  about  25  feet  at  East  Hamilton  and  only  10  feet  at  the  head  of  the  Narrows. 

When  the  water  is  high  it  IIchnIs  the  bottom  lands  and  flows  across  many  of  the 
I'liids,  forming  cut- olfs,  and  nil  the  rocky  and  gravelly  shoals  and  sand  bars  are  covered 

THE  NARROWS. 

Tiii*  iiart  of  the  river  merits  a  more  careful  descrii)tion,  as  it  is  at  nreaent  the  moat 
MTJoiisly  obstructed  for  a  long  distance  above  Orange,  and  is  rapidly  deteriorating, 
and  ('<»nld  be  greatly  improved  by  the  expenditure  of  a  nmall  amount  of  money. 

The  heml  of  the  Narrows  is  30  miles  auove  Orange  and  the  foot  12  miles  ;  they  are 
(•miwiniently  IH  miles  in  length.  They  were  formed,  before  the  official  boundary  sur- 
vey 4if  Maj.  J.  D.  Graham,  by  the  opening  of  a  chain  of  sloughs  and  the  formation  of 
J  mlt  in  the  Old  River  a  few  miles  above  Niblett*s  Bluff. 

At  present  more  water  flows  down  Old  Kiver  than  the  Narrows.  The  main  stream 
divides  at  the  head  of  the' Narrows,  as  shown  on  the  map,  and  by  far  the  larger  quan- 
lity  goes  off  to  Old  River;  for  a  mile  this  water  flows  through  a  channel  which 
\»:iM)ot  the  original  river,  but  only  a  small  bayou  twenty  years  ago  ;  it  is  enlarging, 
however,  and  is  now  some  20  feet  deep  and  over  100  feet  wide. 

It  ifl  a  great  source  of  annoyance  to  timbenuen,  as  their  logs  and  rafts  float  down 
this  way,  instead  of  through  the  Narrows,  and  mingle  with  the  raft  in  Old  River  and 
an*  lost*. 

The  water  which  flows  down  Old  River  runs  under  and  penetrates  thi*ough  tbe  raft 
for  about  half  a  mile,  when  the  main  channel  divides  into  several  small  bayous  or 
Monj^bH.  which  flow  through  a  cypress  and  tubular  gum  swamp  for  about  2  miles,  and 
nhich  finally  come  together  again  and  form  a  deep,  wide  river  some  2  miles  above 
XildKt's  Bluff. 

Wlioii  the  closing  of  Ohl^  River  took  place  it  is  impossible  to  Hjiy.  It  must  have 
Wn  many  years  ago,  as  it  is  beyond  the  recollection  of  the  ohiest  inhabitant,  an<l 
tlje  small  slonghs  into  which  the  river  is  divideil  flow  through  a  cypress  swamp  in 
wliich  the  trees  are  3  and  4  feet  in  diameter. 

8<>me  :4  miles  from  the  head  of  the  Narrows,  Swayne's  Bayou  enters ;  it  is  simply  a 
slough  thi-ongb  which  some  of  the  water,  backed  up  in  Old  River  by  the  raft,  flows 
l>:u  k  into  the  Narrows. 

The  iint  5  miles  of  the  Narrows  from  the  head  is  the  only  part  that  nce<ls  improv- 
in;;;  here  the  water-way  avemges  only  100  feet  in  width,  and  at  lowest  water  has  a 
lU^pth  of  not  more  than  2  feet  in  places.  The  bottom  is  generally  sandy  aud  covered 
^ith  Kim  ken  logs. 

In  **drivinj5"  timber  through  the  Narrows  jams  often  occur  aiul  many  logs  sink, 
set  covered  with  sand,  and  form  permanent  shoals  and  sand  bars,  which  lessen  the 
water-way  and  tend  to  throw  more  water  down  Old  River. 

Th<'re  are  two  bad  bends  across  which  the  water  makes  when  it  is  high,  forming 
tr(»uUlesome  eddies  for  the  lumbenneu. 

From  1  j  miles  below  Swayne's  Bayou,  or  5  miles  from  the  head  of  the  Narrows, 
tbvR'  iu,  at  least,  at  all  times  f*  feet  of  water.  There  are  no  overhanging  trees  or 
!4i'ij;<4,  and  the  river  from  this  point  to  its  mouth  needs  no  work  upon  it. 

The  tides  of  the  Gulf  affect  the  level  of  the  river  as  far  up  as  Morgan's  Bluff,  20 
luiles  from  Orange,  bnt  depend  chiefly  on  the  force  and  direction  of  the  wind. 

Mr.  Leavenworth,  who  ma<le  a  survey  of  the  Sabine  River,  under  the  direction  of 
Maj.  C.  W.  Howell  in  1872,  states  that  the  water-way  of  the  Narrows  is  exceedingly 
tortuous  and  crooked,  though  deep  and  comparatively  clear  of  obstructions,  aud  from 
aU  I  could  learn  from  old  lumbermen  the  river  is  in  a  much  worse  condition  now  than 
U  wa.^  a  few  years  since. 

The  river  below  the  junction  of  Old  River  and  the  Narrows  widens  out  to  a  fine 
-'nam  :«0  feet  in  width.     At  Orange  it  is  500  feet  wide. 

One  mile  below  the  Narrows  the  Louisiana  Western  Railway  crosses  on  a  new  iron 
dra\v-hri«lge.  The  banks  here  are  low,  and  are  generally  covered  wit?h  cyxjress  and 
tiihiilar  gum  trees  draped  with  grey  moss. 


Mow  Orange  the  river  widens  out  to  over  1,000  feet. 
The  **  cut-off,"  2  miles  below  the  town,  has  d 


deepened  until  now  there  is  not  less  than 
1*^  fH't  of  water  in  it.  From  here  down  trees  gradually  cease,  and  their  place  is  taken 
Kv  coarse  grass  and  sea-cane. 

f^hortly  before  Sabine  Lake  is  reache<l  the  river  divides  into  two  passes,  the  east 
^iid  iniddle  passes ;  and  the  middle  ]iass  has  a  small  but  deep  fork,  called  west  pass, 
•^nd  it  was  along  this  the  survey  line  ran,  as  at  its  mouth  the  new  cut  into  the  lake 
^  a«  lieing  dredged.    It  extends  t-o  5  feet  of  water. 

^aliiue  Lake  is  shoal,  with  a  soft,  muddy  bottom.  The  banks  here  are  subject  to 
'^ii^tant  overflow,  and  the  only  habitable  spots  are  the  shell  mounds,  which  are  somo- 
»»ucs  400  yaitls  long  and  40  feet  high. 


1198  RKPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

OKXERAL  DESCRIPTION  OF  THE  TOWN'S  AND  COUNTUY. 

East  HaniiltoD,  the  initial  j)oint  of  this  Hiirvey,  is  situated  iu  Shelby  County,  Texas, 
It  contains  two  stores  and  about  thirty  inhabitants.  It  would,  however,  lie  (juite  a 
shipping  point  for  cotton  provided  navigation  could  bo  relied  on  all  the  year,  as  tho 
neighboring  country  is  good  farming  land  and  considerable  cotton  raisf^l,  most  of 
which  is  hauled  to  Shrevep<irt.  La.  Mr.  Jauies  Payne  states  that  laai  year  1,KK)  bal«?R 
of  cotton  were  shipped  by  river  from  this  place  to  OrangQ. 

Pendleton,  in  Sabine  County,  has  only  one  store  and  a  cotton  warehouse.  Two 
families  live  here,  and  1,000  bales  of  cotton  were  shipped  last  year. 

Sabinetown  is  a  small  settlement  of  a  half  dozen  families  and  one  store. 

There  are  no  moni  towns  on  this  river  unlil  we  reach  Orange.  Some  little  cotton  is 
shipped  from  a  few  landings.  About  every  15  miles  a  single  famil3^  can  be  found  liv- 
ing on  the  river  and  tending  a  ferr\.  The  reason  of  such  a  scarcity  of  population  on 
the  river  is  partly  due  to  the  fact  that  the  bottoms  are  subject  to  overflows  and  cannot 
be  cultivated,  and  partly  to  the  prevalence  of  malarial  fevers  near  the  river  in  the 
summer  months.  Ten  or  1*2  miles  back  the  country  is  better  settled  and  some  cotton 
grown.  Valuable  forests  of  pine  grow  on  either  side  of  the  bottoms,  and  cypress 
brakes  are  fi'equent  near  the  river.  This  year  45,000  logs  were  cut  in  the  vicinity  of 
the  river,  and  at  the  time  of  the  survey  were  waiting  for  the  first  rise  to  be  floated 
down  to  the  mills  at  Orange. 

Orange  has  grown  very  rapidly  in  the  last  few  years.  The  Texas  and  New  Orleans 
Railway  has  only  been  running  there  within  a  year,  and  the  Louisiana  Western 
Railway  will  be  completed  this  spring,  connecting  it  with  New  Orleans.  The  lumber 
business  is  the  principal  industry  of  the  place,  and  there  are  several  large  saw  and 
shingle  mills  in  operation.  There  were  three  steamboats  rea<ly  to  run  on  the  Sabine 
this  year,  the  Wren,  the  Era,  and  the  Lark. 

IMPROVKMKXTS. 

The  Sabine  River  maybe  relied  on  for  about  tliree  months  in  eaeh  year  for  naviga- 
tion, with  boats  drawing  3  feet,  from  Orange  to  East  Hamilton. 

If  the  river  could  be  improved  so  as  to  have  navigation  throughout  the  year,  most, 
if  not  all,  of  the  cotton  grown  in  the  counties  and  parishes  adjoining  the  river  would 
find  its  way  to  market  by  boat.  The  volume  of  the  river  is  so  small,  however,  duriug 
the  summer  and  autumn,  that  only  an  expensive  system  of  dams  and  locks  would  be 
eftective,  which  the  sparsely  settled  state  of  the  country  and  the  navigable  value  of 
the  stream  would  not  seem  to  justify.  As  it  is,  when  the  water  is  up  steamboats  niako 
the  trip  to  East  Hamilton  and  back,  from  Orange,  in  about  twelve  days,  and  no  im- 
provement is  necessary  except  at  low-water  to  cut  out  all  snags  and  overhanging  or 
fallen  trees. 

In  1856  the  legislature  of  Texas  appropriated  |;51,455  for  the  improvement  of  the 
Sabine,  and  in  1H74  a  considerable  amount  of  State  land,  for  the  same  purpose ;  the 
snags  were  cut  out,  and  some  of  the  timber  along  the  banks  deadened,  but  uo  useful 
results  of  this  expemliture  remain. 

Dismissing,  then,  any  plan  to  securelow-water  navigation  between  Orange  and  East 
Hamilton,  and  turning  our  attention  to  the  Narrows  it  is  seen  that  it  they  could 
be  improved  boats  of  light  draught  could  go  as  far  as  Belgraile  most  all  the  year.  Thi« 
is  90  miles  from  Orange  by  water,  and  it  is  below  this  point  that  the  greater  i)art  of 
all  the  logs  are  yiut  into  the  river. 

It  would  be  desirable  to  cut  out  some  fallen  trees  and  snags  between  the  heml  of  the 
Narrows  and  Belgrade. 

The  lumber  business  is  by  far  the  most  important  interest  on  the  river. 

Last  summer  the  small  steamboat  Lark,  drawing  a  little  less  than  2  feet,  was  twenty- 
two  days  getting  through  the  Narrows. 

IMPROVEMENT  OF  THE  NARROWS. 

With  the  money  and  time  allowed  I  could  not  make  a  thorough  examination  an<l 
survey  of  Old  River,  with  a  view  of  removing  the  raft  and  opening  it  up  and  allow- 
ing the  Narro'ws  to  close,  but  from  the carefulreconnaissance  nnide  it  would  undoubt- 
edly be  more  economical  to  use  the  present  channel  of  the  Narrows. 

To  do  this,  two  thingsmust  bedone.  1st.  Some  obstruction  should  be  thrown  across 
Old  River  to  divert  the  water  from  it  into  the  channel  of  the  Narrows.  2d.  The 
sunken  logs  and  snags  should  be  removed  from  the  first  5  miles  of  the  Narrows. 

It  would  also  be  advisable  to  assist  nature  and  make  three  cut-offs,  now  nearly 
formed,  one  especially,  which,  of  itself,  would  tend  to  tlirow  more  water  down  the 
Narrows.  It  is  only  3*20  feet  across  now,  and  the  bank  would  not  average  over  8  feet 
above  low-water.  The  trees  have  already  been  cut  off  and  the  water  runs  over  in  a 
high  stage.  It  is  marked  A  B  on  the  chart.  The  other  two  proposed  cut-offs  marked 
C  1)  and  E  F  on  the  chart  are  not  over  100  feet  across  and  would  straighten  and 
shorten  the  river  very  much,  and  save  the  necessity  of  working  on  quite  a  stretcli 
and  the  raising  of  man}"  logs. 
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It  19  impossible  to  stat-e  how  many  saw-logs  are  sunk  in  the  Narrows  as  they  are  for 
tbf  mo8t  part  under  water  and  covered  with  sand.  Tliose  that  were  exposed  at  the 
lime  of  the  survey  are  indicated  on  the  chart.  It  is  also  diflicult  to  form  an  estimate 
(if  the  cost  of  hauling  them  out  on  the  banks.  It  is  safe  to  &ayj  however,  that  the  re- 
moval of  500  sunken  logs  and  100  snags  from  the  sand  would  greatly  imiirovc  the 
naripition. 

To  improve  the  Narrows,  then,  we  would  recommend  to  make  the  cut-off  marked 
A  B  from  the  main  river  into  the  Narrows  320  feet  long,  40  feet  wide,  and  5  foot  deep 
iit  low-water.  To  throw  some  obstruction  across  the  Old  River  at  G  H  on  chart, 
which  need  not  be  water-tight,  a  double  row  of  piles  with  brush  and  trees  between 
wuiild  do.  To  haul  out  witli  some  kind  of  snag-boat  the  most  troublesome  sunken 
'dw-logs  and  snags ;  and  lastly  to  make  the  other  two  cut-ofts  indicated  on  the  chart. 
It  mi}(ht  be  necessary  to  block  up  Swayne*s  Bayou,  which  could  easily  be  done,  as  it  is 
narrow. 

If  thfflo  alterations  were  mmle  it  is  thought  that  the  volume  of  water  tlowing  in 
th«*  Narrows  would  be  more  than  doubled,  its  velocity  wouhl  be  increase*!,  and  it 
vouM  deepen  the  channel. 

APPUOXIMATE   KSTIMATK. 

Making  cut-off  at  A  B : 

The  removal  of  5,000  cubic  yards  of  clajr,  at  .50  cents S*i,  oOO 

For  making  pile  and  brush  obstnictiou  150  feet  long,  at  G   H,  across  Old 

River 2,000 

Kur  making  two  other  cut-offs,  each  about  100  feet  lon^,  at  about  $500  apiece.  1, 000 
For  hauling  out  and  removing  sunken  logs  and  snags  trom  the  l>ed  of  the  Nar- 
rows  5,000 

K(»r  superintendence  and  inspection,  about 2, 000 

For  cutting  out  snags  from  the  Narrows  to  Belgrade 5, 000 

Total 17,500 

Whatever  work  is  contemplated  will  have  to  be  done  late  in  the  summer  or  autumn 
vheo  the  water  is  at  its  lowest,  some  time  in  August,  September,  or  October.  The 
'Oiuitry  then  is  very  sickly  from  chills  and  fever  and  malarial  fevers,  but  the  logs  can- 
not be  gotten  at  nor  any  of  the  work  prosecuted  to  advantage  when  the  water  is  not 
i»*\v.  The  banks  are  low  except  at  Morgan's  Bluff,  and  the  extreme  high-water  about 
1<)  f(«t  above  the  low. 

The  chart  of  the  Narrows  was  made  by  plotting  the  stations  with  a  large  pro- 
tractor and  is  drawn  on  a  scale  of  y,fuTj. 

Very  respectfully,  your  obedient  servant, 

.T.  S.  PoLHEMrs, 
JssiHtant  Enginvvr. 
Capt.  C.  E.  L.  B.  Davis. 

Vorpti  of  Kngineers,  V.  S,  A, 


sirvey  of  the  narrows  of  sabine  river,  above  orange,  texas. 

United  States  Engineer  Office, 

GalvestoHj  Tor.,  March  20, 1880. 

General  :  I  have  the  honor  to  submit  herewith  a  report  on  the  survey 
of  the  Narrows  of  the  Sabine  River,  above  Orange,  Texas,  being  a  por- 
tion of  the  river  which  has  been  surveyed  under  the  provision  of  section 
-;  of  the  act  of  Congress  approved  March  3, 1879,  *'  making  appropria.- 
lion  for  the  construction,  repair,  preservation,  and  completion  of  certain 
works  of  rivers  and  harbors,  and  for  other  purjwses.'' 

The  first  section  of  the  act  makes  an  appropriation  of  $G,000  for 
improving  Narrows  of  Sabine  River  above  Orange,  Texas,  and  to  deepen 
tlie  channel  at  the. month  of  the  Sabine  River. 

Major  HowelPs  suggestion  to  defer  the  preparation  of  a  project  for 
^he  expenditure  of  this  appropriation  until  the  completion  of  the  re- 
Miney  of  Sabine  River  was  approved  by  the  Chief  of  Engineers  May 
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31, 1879.  This  duty  is  now  imposed  upon  me.  So  much  of  tlie  survey 
as  is  embraced  in  the  provision  of  the  appropriation  act  has  been  com- 
pleted, and  I  am  now  enabled  to  submit  a  report  with  recommendation 
and  estimates. 

Major  Howell  says  that  after  survey  it  can  be  decided  whether  it  may 
be  best  to  expend  tlie  money  at  the  Narrows  or  on  the  bar  at  the  mouth 
of  the  river. 

Under  an  appropriation  of  $10,000,  made  in  act  of  1878,  the  bar  at 
the  mouth  of  the  river  is  now  being  dredged  to  give  a  channel  of  5  to  C 
feet  of  water,  so  we  may  dismiss  for  the  present  the  consideration  of 
any  further  expenditure  at  this  point  and  devote  the  whole  of  the  $6,000 
to  impro\ing  the  Narrows  above  Orange. 

The  survey  was  made  by  Assistant  Polhemus,  and  his  report  is  very 
full,  showing  distinctly  the  character  and  location  of  the  obstructions 
to  navigation  and  indicating  what  is  necessary  in  the  way  of  improve- 
ment. 

To  improve  the  Narrows,  then,  it  will  be  advisable,  first,  to  throw 
some  obstruction  across  Old  liiver  to  direct  the  water  into  the  channel 
of  the  Narrows ;  second,  to  remove  sunken  logs  and  snags  from  the  first 
5  miles  of  the  Narrows. 

It  would  also  be  advisable  to  assist  nature  and  make  three  cut-off's, 
now  nearly  formed,  especially  one  near  the  head  of  the  Narrows  where 
the  trees  have  already  been  cut  off  and  the  water  runs  over  in  a  high 
stage. 

It  is  impossible  to  saj^  how  many  saw -logs  and  snags  will  have  to  be 
removed,  as  they  are  mostly  under  water  and  covered  with  sand.  Ex- 
posed ones  are  indicated  in  the  charts  It  is  safe  to  say,  however,  that 
the  removal  of  600  logs  and  snags  would  greatly  improve  the  naviga- 
tion. It  might  be  necessary  to  dam  Swayne's  Bayou,  which  could  easily 
be  done. 

It  is  thought  that  if  these  changes  were  made,  the  volume  of  water 
flowing  through  the  Narrows  would  be  more  than  doubled,  the  velocity 
would  be  increased  and  the  channel  deepened. 

APPUOXIMATE  ESTIMATE. 

Making  cut-off  at  A  B  on  accompanying  sketchy  involving  the  removal  of  5,000 

vanls  of  clay  at  50  cents , S"^, 'j'^^ 

Obstructing  Old  River  at  G  H ajM)') 

Making  two  other  cut-offs .' 1,  (HH) 

Removing  logs  and  snags  from  the  bed  of  the  Narrows 5,  (HM) 

Superintendence  and  inspection l.UOO 

This  work  will  have  to  be  executed  late  in  the  summer  when  the  water 
is  at  its  lowest  stage. 
For  the  expenditiu'e  of  the  $6,000  available,  I  have  to  recommend— 
1st.  Cutoff  at  heiid  of  Narrows,  $2,500. 
2d.  Dam  in  Old  liiver,  $2,000. 
,    3d.  Removal  of  logs  and  snags  from  bed  of  river  to  the  extent  the 
funds  will  permit. 
I  recommend  that  the  work  be  done  by  contract. 
Very  respectfully,  your  obedient  servant, 

S.  M.  Mansfield, 
Major  of  Engineers^ 
Brevet  Lieutenant-Colonel^  U.  *S.  A. 

The  Chikf  of  Engineers,  XJ.  8.  A. 
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N  2. 
IMPROVEMENT  OF  NECHES  RIVER,  TEXAS. 

Report,  vith  estimates  and  plans  (survey  of  1872-73),  was  submitted 
December  30, 1873. 

First  appropriation  of  $8,000  was  made  in  1878,  "  to  excavate  a  cban- 
uel  5  feet  deep  at  mean  low  tide,  and  40  wide,  or  so  mucb  tbereof  as  tbe 
amount  will  permit,  through  the  bar  at  the  mouth  of  the  river." 

Second  appropriation,  $5,000,  given  in  1879,  for  application  <^to  fur- 
ther improving  the  channel  through  the  bar  at  the  mouth  of  the  river." 

Under  the  first  appropriation  contract  was  entered  into  June  10, 1879, 
for  excavating  and  removing  material,  at  22^  cents  per  cubic  yard ;  under 
the  second  appropriation  (contract  of  November  14, 1879)  the  price  of 
dredging,  &C.4  was  put  at  32^  cents  per  cubic  yard ;  Mr.  Seth  N.  Kimball, 
ot'3Iobile,  Ala.,  being  the  contractor  under  both  appropriations. 

PROGRESS  MADE  DURINa  YEAR  ENDINO  JUNE  30,   1880. 

Hie  contractor's  dredge-boat  was  transferred  from  the  bar  at  the  mouth 
of  the  Sabine  River  to  the  bar  at  the  mouth  of  the  Neches  Elver  on  the 
3l8t  January,  1880,  and  commenced  work  on  the  Keches  Bar  (under  pro- 
vision of  first  contract,  June  10, 1879)  the  2d  of  February,  beginning  at  the 
outer  or  lake  end  of  the  bar,  the  material  excavated  being  dumped  on 
the  west  bank. 

To  procure  the  5-foot  dredged  channel  across  the  bar  from  the  5-foot 
<lepth  of  water  in  the  river  to  the  same  depth  in  Sabine  Lake,  the  first 
mt  was  made  a  total  length  of  10,300  feet ;  necessitating  the  removal 
of  29,014.1  cubic  yards  of  material,  and  absorbing  the  funds  of  the  appro- 
priation available  for  this  contract,  which  was  completed  April  30, 1880. 

Work  under  the  second  contract  (November  14, 1879)  began  May  1, 
1880;  the  commencement  being  made  on  the  second  cut  (widening  first 
cut),  and  continued  toward  the  upper  and  until  the  cut  was  completed 
OD  the  29th,  on  which  date  the  dredge  was  removed  to  a  more  outward 
point,  and  work  proceeded  toward  the  end  of  the  second  cut  at  the 
dngle  in  the  channel.  All  material  excavated  under  this  contract  was 
towed  away  in  scows  and  dumped  on  suitable  dumping  grounds.  Con- 
tract was  completed  June  18,  1880. 

With  the  appropriations  of  1878-'79  ($13,000),  there  has  been  completed 
a  channel  across  the  bar  of  the  required  depth,  viz,  5  feet  (and  more)  at 
mean  low  tide,  averaging  60  feet  in  width  (excepting  a  gap  of  about  1,200 
feet,  on  the  shoalest  portion  of  the  bar,  over  which  there  is  a  channel  of 
about  30  feet,  or  one  cut,  wide)  for  the  entire  length  of  the  channel  iroui 
the  5-foot  depth  of  water  in  Sabine  Lake  to  the  5-foot  depth  in  river 
above. 

The  work  under  both  contracts  was  satisfactorily  done. 

PROPOSED  OPERATIONS  OF  THE  YEAR  1880-^81. 

To  expend  the  amount  appropriated  by  act  of  Congress,  approved 
Jane  14, 1880,  viz,  $5,000,  in  continuing  improvement  of  channel  across 
the  bar  at  the  mouth  of  the  river,  by  dredging,  deepening,  and  widening 
the  cut  recently  made  under  contract  with  Mr.  Seth  N.  Kimball ;  esti- 
liiated  amount  of  material  to  be  excavated  and  removed  (30  cents  per 
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yard)  13,500  cubic  yards ;  and  to  be  done  by  contract,  after  inviting  pro- 
posals. 

Original  eetimate  (1874) $i6,:UH  (C) 

Amount  appropriated  (1878-*80) 18,000  IH) 

Unappropriated  balance 8,316  05 

Which  amount  can  be  profitably  expended  in  the  fiscal  year  end- 
ing June  30, 1882,  in  continuing  dredging  to  improve  the  channel  for 
navigation  across  the  bar  at  the  mouth  of  the  river. 

The  work  is  located  in  the  collection  district  of  Galveston.  The  nearest  light-house 
i8  at  Sabine  Pass. 

A  resurvey  of  the  Keches  River.  Texas,  from  its  mouth  to  Bevilport, 
was  made  during  period  between  elates  December  19, 1879,  and  January 
31, 1880,  the  results  of  which  are  incorporated  in  a  special  report  here- 
with submitted. 

Money  statement 

July  1,  1H79,  amount  available.... $12,662  08 

Amount  appropriated  by  act  approved  June  14,  1880 5,000  00 

f  17,  mi  06 

.July  1,  18H0,  amount  expended  during  fiscal  vear 11, 246  23 

July  1,  1880,  outstanding  liabilities \ 1,308  55 

12,5.^4  7e 

July  1,  1880,  amount  available 5.  K/T  :>() 

Amount  (estimatixl)  required  for  completion  of  existing  project H,  318  h.') 

Amount  that  can  be  prolitably  expended  in  tiscal  year  ending  June  30, 1882.       8,  .,18  (>o 


RESURVEY  OF  NECHES  RIVER,  TEXAS,  FROM  THE  MOUTH  OF  THE 

NECHES  TO  BEVILPORT. 

KEPORT  OF  MR.   J.    S.   POLHKMrK,  ASSISTANT  EN6INEKR. 

Bolivar  Point,  Tex.,  July  1,  18«0. 

('OLONEL :  I  liave  the  honor  to  submit  the  foUowing  report  on  the  survey  of  the 
Nechcs  River,  Texas,  from  Bevilport  to  its  mouth,  made  in  January,  lt)80. 

On  my  return  from  the  survey  of  the  Sabine  River,  I  received  orders  from  Captain 
Davis  to  make  a  similar  survey  of  the  Neches  River,  and  in  pursuance  of  his  instruc- 
tions left  Galveston  December  19, 1H79,  with  a  party  of  three  men  and  survey  equip- 
ment, and  proceeded  by  rail  to  Beaumont,  Tex.,  at  which  place  I  hired  an  ox-teani, 
and  transported  my  party,  together  with  the  tliree  skilfs  I  used  on  the  Sabine  River, 
to  Bevilport,  <m  the  Angelina  River,  7  miles  from  its  junction  with  the  Neches,  \vhi*r«* 
I  arrived  December  25, 1880.  December  27,  a  croas-section  of  the  river  and  bankn  wjis 
made  at  Bevilport,  and  the  nurvey  commenced. 

SURVEY. 

The  siirvey  was  in  all  respects  like  that  made  of  the  Sabine  River.  The  appn>pria- 
tion  being  only  $800,  nothing  but  a  careful  reconnaissance  was  attempted. 

A  compass  line  was  run  along  the  river's  banks,  and  all  distances  were  measured 
with  a  stadia.  All  obstructions  to  navigation,  such  as  shoals,  snags,  sunken  logs,  dro., 
were  sketched  in  their  proper  place,  ana  sounding  were  taken  about  every  500  feet. 

Length  of  line  measured  from  Bevilport  to  Sabine  Lake  was  157  miles.  * 
'   Thirty-five  cross-sections  were  taken,  and  whenever  the  height  of  iiood-level  couM 
be  ascertained  it  was  measured  and  noted. 

The  survey  of  the  river  between  Bevilport  and  Yellow  Blnff,  63  miles,  was  uia«le  at 
a  very  low  stage  of  the  river,  and  all  snags  and  obstructions  to  navigation,  as  well 
as  the  general  character  of  the  river  at  its  lowest  water,  was  observed. 

While  we  were  at  Yellow  Blufl'  a  rise  of  9  feet  2  inches  took  place  in  a  single  night, 
and  from  that  place  to  Weiss  BluA'  the  water  was  from  9  to  6  feet  above  extreme  low, 
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A  id  the  obstrnctions  wt»re  all  covered  and  could  not  be  seen.  The  very  bad  portions 
•f"  the  river,  however,  are  all  above  Yellow  Bluff. 

MoHt  of  the  infonnation  as  to  the  character  of  the  river  at  low- water  between  Yollow. 
H^iiffaiid  Weiw  Bluft'was  obtained  by  inquiries  from  old  settlers,  and  from  men  en- 
.ujted  in  floating  logs  to  Beaumont. 

The  Hurvey  was  completed  to  the  mouth  of  the  river  January  26,  and  the  party  re- 
•  iinied  to  Galveston  and  was  disbanded  January  30,  IhSO. 

The  work  has  been  plotted  on  a  scale  of  TTr^iTro  on  three  sheets. 

The  plotting  eomniencitd  May  24,  and  the  maps  were  completed  July  10,  1880. 

(fKNERAL  DESCKIPTION   OF  KIVEK. 

Frt>ni  its  jnncti(m  with  the  Angelina  River  the  Neches  flows  in  a  southerly  direction 
*.*  JVaumont,  VM  miles,  fit)m  which  place  it  flows  southeast  for  27  miles,  to  where  it 
r-fupties  into  Sabine  Luke,  only  4  miles  from  the  mouth  of  the  Sabine.  The  river 
:iuysB  through  bottom-lands  from  2  to  5  miles  in  width,  beyond  which  are  rolling 
i»ine>Iands.  The  bottom-lands  are  very  fertile,  the  greater  portion  of  them  subject  to- 
r.\-*»rdow  each  year,  and  very  unhealthy.  They  are  not  cultivated  to  any  extent,  and 
irp  covered  with  a  heavy  growth  of  oak,  gum,  hickory,  &c. 

The  general  height  of  the  bottom-lands  at  Bevilport  above  the  low-water  of  the 
ri  v<»r  is  about  20  or  30  feet,  and  they  decrease  proportionally  as  we  near  the  coast. 

The  course  of  the  river  is  extremely  tortuous  in  its  valley,  and,  as  it  curves  along, 
rhe  hanks  on  the  convex  side  are  abrupt  and  caving,  and  slope  down  again  as  we  go- 
•;&<*k  from  the  river.    The  concave  sides  of  the  bends  are  low,  and  slope  gently.     As 
*he  caving  banks  wear  away  at  each  rise  in  the  river,  trees  are  undermined  and  fail 
.11  to  the  stream,  filling  it  with  snags  and  obstructions. 

When  the  river  is  low  in  Kiunmer  and  early  autumn  the  volume  of  flow  is  very  small. 

The  annual  ri>w*  usually  b«fgins  in  December  and  lasts  until  April.  The  river  rises 
ir»  <»r  20  feet,  and,  if  it  were  not  for  the  fallen  trees  and  snags,  navigation  would  be 
V  c^ry  Kood  as  far  a.s  BeWlport. 

The  range  l)etween  higli  and  low  water  is: 

Feet. 

At  Bevilport 26 

At  Town  Bluff '2S 

Xt  %Veight's  Lauding 22 

At  Yellow  Blnff 21 

At  Beaumont 11 

In  elving  a  more  partieular  description  of  the  river  it  seems  natural  to  divide  it- 
.!.!♦►  tiin»e  seetioUH. 

FRr>M   BEVILPORT  TO   YELLOW   BLUFF. 

TliiJ*  inclufles  7  miles  of  the  Angelina  River,  which  at  low-water  is  about  125  feet 
•A  ide  and  varies  in  depth  from  8  inches  to  10  feet.  The  bed  of  the  river  contains  many 
^uagn  and  sand-bars.  At  the  junction  the  Neches  and  Angelina  unite,  and  the  volume 
..f  wat«r  is  nearly  doubled.  Between  the  junction  and  Yellow  Bluff"  the  Neches  has 
■  o  larg*;  streams  as  trHmtaries,  and  the  water-way  will  average  150  feet  in  width,  and 
.  aries  in  depth  fn>m  1  foot  to  15  feet. 

At  low  river  ver>'  little  water  is  running  in  the  channel,  and  there  are  numerous 

•hcials  of  sand  and  gravel.    There  are  a  great  man^  snags  and  fallen  trees  in  the  be<I 

»f  the  river,  and  navigati(m  is  practically  impossible  without  a  rise  of  several  feet 

No  rocky  shoals  w^ere  found  on  the  river.    The  most  troublesome  portion  is  near  Pebble 

I«]and«  4  miles  above  Yellow  Bluff*. 

FROM  YELTX3W  BLUFF  TO  WE188  BLUFF. 

The  river  is  a1>out  150  feet  in  width,  and,  if  the  information  obtained  from  all  the 
amhcrmen  is  correct,  has  a  depth  at  low-water  of  not  less  than  2^  feet  at  any  place. 

William  l^ong  &.  Co.  (lumbermen  and  mill-owners)  have  had  their  men  cut  out  all 
"he-t  snags  down  to  the  level  of  low-water,  and  the  river  is  in  a  very  good  condition 
^  hen  the  water  is  not  extremely  low. 

FROM  WEISS  BLUFF  TO  SABINE  LAKE. 

Xlie  river  ran  be  navigated  at  all  times  of  the  year  by  light-draught  steamboats. 

l^tween  Weiss  Blulf  and  Beaumont  the  river  is  deep,  and  a  steamboat  runs  regu- 
arly.  Entering  this  portion,  it  has  two  large-sized  creeks  as  tributaries,  Village 
i  r4^k  and  Pine  Island  Bayou.    From  Beaumont  to  the  lake  the  Neches  is  wide  and 
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deep  and  the  banks  low  and  swampy.  It  is  about  1,000  feet  T\ide  near  its  mouth.  It 
empties  into  Sabine  Lake  over  a  mud-bar,  on  which  at  the  time  of  the  survey  theiv 
was  uot  more  than  3  feet  of  water,  but  which  has  since  had  a  channel  dredged  through 
it  6  feet  in  depth,  and  any  of  the  small  vessels  which  can  crows  Sabine  Lake  can  get 
jnt-o  tlie  river. 

PKIXCIPAL  TOWNS   AND  LANDINGS. 

Berilport,  the  initial  point  of  the  survey,  Ik  a  very  small  town  cout^iiuing  two  small 
vai-iety  storeH  and  a  cotton  wan^house,  and  might  number  twenty  inhabitants.  It  is 
quite  a  shipping-port  for  cotton,  which  is  the  staple  product  of  the  neighboring 
country.. 

The  next  place  \h  Town  /f/wjT,  a  small  town,  situated  on  a  high  bluflf  on  the  riglit 
bank  of  the  river  half  a  mile  back.     It  has  three  stores  and  ships  700  bales  of  cotton. 

Farther  down  the  river  are  two  landings  from  which  cott<»n  is  shippexl. 

About  3,000  bales  of  cotton  are  shipped  from  all  the  landings  along  the  Neches. 
most  of  which  this  year  found  its  way  to  market  by  wagon,  owing  to  the  ]irotractf(l 
low-water.  Valuable  forests  of  pine  grow  near  the  river  and  furuish  the  mills  at 
Heaumont. 

Below  Yellow  Bluff,  in  the  immediate  vicinity  of  the  river,  the  land  is  but  little 
cultivated.     The  banks  are  low  and  subject  to  overflow. 

Beaumont  is  the  largest  town  on  the  river,  and  numbers  about  2,000  inhabitants. 
It  contains  seven  saw  and  two  shingle  mills.  The  TexiM  and  New  Orleans  Railroad 
crosses  the  river  at  this  point.  The  lumber  business  is  the  chief  industry  of  the  place, 
and  the  town  is  growing  and  improving  rapidly.  *  • 

Below  Orange  there  are  no  towns.  Tliere  were  two  saw-mills  before^  the  Texas  and 
New  Orleans  Railroad  waM  built. 

There  were  three  steamboats  running  on  the  Neches  last  year,  one  of  the  boat«  only 
to  Weiss  Bluff.  Long  ^  Co.  have  built  a  tramway  3  miles  ba<;k  into  the  country 
from  Yellow  Bluff,  and  float  down  to  the  mills  at  Bc^auniont  a  great  many  logs.  As 
near  as  could  be  ascertained,  35, (MX)  logs  were  floated  down  this  year.  Mr.  Groodbew 
cut  and  floated  to  Beaumont  45,000  pine  railroad-ties ;  besides  these  there  were  abunt 
15,000  out  by  other  parties. 

IMPKOVEMKNTS. 

Dunng  the  summer,  while  the  river  is  at  low  stage,  there  is  no  little  water  rnnnint; 
and  so  many  shoals  and  sand-bara  over  which  there  is  less  than  1  foot  in  depth,  that 
it  would  seem  impossible  to  sec'ure  navigation  throughout  the  year  except  by  means 
of  an  expensive  system  of  dams  and  lockH,  which  the  present  st4ite  of  the  adjacent 
country  does  not  warrant. 

At  present  navigation  for  boats  drawing  3  feet  of  water  can  be  relied  on  for  alK>nt 
3  months  in  each  year  as  far  up  as  Bevilpoi*t>,  commencing  usually  in  December ;  bnt 
this  navigation  is  rendered  dangerous  on  account  of  the  many  snags  and  fallen  treeK 
which  should  be  either  cut  down  to  the  level  of  low-water  ordragged  out  of  the  bed 
of  the  stream. 

The  river  below  Beaumont  and  above  to  Weiss  Bluff  needs  no  improvement. 

Above  Weiss  Bluff  to  Yellow  Bluff  it  is  quite  clear  of  snags;  this  leaves  63  miles 
from  Yellow  Bluff  to  Bevilport  on  which  work  should  be  done. 

The  principal  snags  ana  fallen  trees  are  sketched  on  the  map.  There  would  be 
about  100  to  the  mile  and  about  20  overhanging  trees  to  be  cut  away. 

It  is  thought  that  the  expenditure  of  about  $250  per  mile  would  remove  all  the  im- 
portant snags  and  large  overhanging  trees,  or  for  the  river  between  Bcn-ilport  and 
Yellow  Bluff,  $15,000. 

Very  resjiectfully,  your  obedient  servant, 


Bvt.  Lieut.  Col.  »S.  M.  Mansfield, 

^fajor  of  EtujimrrSj  V.  S^  J, 


J.   S.   POLHEMVS, 

Anvhtant  Engineer. 


N  3. 

IMPROVEMENT  OF  ENTRANCE  TO  GALTE8T0N  HARBOR,  TEXAS. 

Gaptaiii  Davis,  Cori)s  of  Engineers,  assistant  to  my  predece.ssor. 
Major  Howell,  has  been  in  immediate  charge  of  this  work,  and  he  sub- 
mits herewith  a  report  of  operations  for  the  year  past  till  time  of  roy 
assuming  charge  in  Febniary  last,  when  I  relieved  Major  Howell  of  the 
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charge  of  certain  works  in  Texas,  by  virtue  of  Special  Orders  No.  6, 
Adju^int-General's  Office,  dated  January  9, 1880. 

Taking  charge  at  a  season  of  the  year  when  active  operations  were 
iiui>088ible,  I  have  devote<l  myself  to  a  careful  study  of  the  history  and 
I  progress  of  the  work  to  the  pi'esent  time  while  developing  a  project  for 
future  operations. 

A  history  of  the  work  with  the  suggestions  and  recommendations  of 
the  engineers  in  charge  and  of  the  several  Boards  of  Engineers  that 
have  had  the  matter  under  advisement  are  summarized  in  the  reports 
of  the  last  boanl,  dated  August  9,  1879,  and  June  7, 18»0,  published 
herewith. 

The  theory  upon  which  the  Board  relies  is  that  of  contraction  of  the 
outlet  to  force  the  outflow  into  a  narrow  channel  directed  upon  the  bar 
to  effect  its  removal  and  lessen,  if  not  entirely  prevent  for  a  long  time 
ro  couie,  its  reformation. 

Through  all  the  literature  of  the  subject,  which  is  well-nigh  exhausted, 
this  principle  upon  which  we  depend  for  securing  deep  water  over  the 
bar  remains  unquestioned,  and  its  application  oft'ers  every  guarantee  of 
Miccei^s. 

The  suggestions  and  recommendations  of  the  Board  as  to  details  of 
r«>ii  St  ruction  are  tentative  only,  the  selection  of  a  suitable  construction 
U^iig  wisely  left  to  the  judgment  of  the  officer  in  charge. 

The  magnitude  of  this  work,  and  the  absence  of  suitable  materials 
with  which  to  construct  it,  has  heretofore  been  the  great  obstacle  to  it^s 
advancement,  and  its  estimated  cost  has  been  placed  at  high  figures. 

The  experiment  of  a  gabionnade  was  made  as  offering  a  cheap  and 
>nccessfnl  solution  of  the  problem.  So  far  as  it  wa«  applied  on  the 
Fort  Point  side  of  the  channel  to  the  improvement  of  the  inner  bar  it 
was  Buccessfnl,  and  we  now  have  20  feet  of  water  over  the  inner  bar; 
but  its  further  application  to  the  Bolivar  jetty,  with  the  object  of  effect- 
ing^ the  depth  over  the  outer  bar,  proved  unsuccessful,  and  the  system 
ban  been  discarded. 

It  is  now  intended  to  build  the  jetties  of  brush  and  stone  on  a  system 
That  undoubtedly  will  succeed,  for  it  has  been  applied  to  opensea  ex- 
]K>sure  at  the  mouth  of  the  Maas,  where  it  has  realized  all  anticipations 
iiiul  established  a  certain  and  economical  way  of  constructing  these  sea- 
w«>rks  on  sand-coasts. 

The  eminent  Dutch  engineer,  Caland,  says: 

€'>ii  a  mnyable  liottom  tliiB  method  of  coiiHtruction  ott'erR  guarantees  of  solidity  which 
rr^'oiitiuend  its  eiii]iloynieiit  wherever  the  materials  for  fascines  can  be  readily  had. 

There  is  no  longer,  as  heretofore,  a  question  of  procuring  suitable 
materials  in  sufficient  quantity  and  at  a  reasonable  cost. 

Careful  estiutates  have  l>een  prepared,  based  on  actual  practice  here, 
and  they  show  the  cost  of  construction  will  fall  much  below  the  figures 
;renerally  thought  to  be  necessary.  These  estimates  are  made  upon  the 
supposition  that  the  work  will  be  continuous,  and  $500,000  is  the  sum 
That  should  be  appropriated  annually  for  this  purpose.  Its  advantages 
are  that  very  little  plant  will  be  required;  one  or  two  powerful,  light- 
<lraught  tug-boats  and  a  dozen  barges,  with  anchors  and  cables  and  ways 
for  building  mattresses,  is  all.  Contractors  can  have  suitable  material 
fieiivered  in  the  Vicinity  of  the  work,  and  skilled  labor  for  making  and 
hiftndling  the  mattresses  can  readily  be  obtained. 

Should  the  Government  purchase  the  plant,  which  I  estimate  $40,000 
will  cover,  contractors  could  make  use  of  it;  and  the  work  will  pay  for 
^his  plant  but  once,  and  should  contractors  fail  to  give  satisfaction,  the 
plant  being  ready,  the  work  could  be  prosecuted  without  interruption. 
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The  bulk  of  the  appropriations  will  go  directly  into  the  work. 

I  am  confident  the  application  of  the  system  here  will  be  attended 
with  perfect  success. 

I  invite  attention  to  the  accompanying  report  of  Assistant  Engineer 
H.  G.  Eiplej',  to  whom  I  am  greatly  indebted  for  so  clear  and  compre- 
hensive an  exi>osition  of  our  plans  and  estimates  for  the  improvement 
of  this  harbor. 

STATISTICS   OF  THE   PORT  OF  GALVESTON,  YKAK   ENDING   liECKMBKK   31,  l"Cy. 

Exports  of  domestic  produce. 

Cotton  to  foreign  portn 116,511,525 

Cotton  to  doiiicBtic  i»orts 9. 859, 075 

$26, 370, 6<» 

Wool,  19,873  bags 1,.5:<0,2^>0 

Hides— bales,  9,993;  bundles,  8,434  ;  loose,  7,637 2, 206, 55n 

Cattle 402,  OfX) 

Tallow 170,000 

Preserved  meats 12,  ?<00 

Bones,  6,000  tons 7H,0<10 

Horns 57,:w>» 

Peltries : H5,000 

Pecans 19,400 

Beeswax 17,20d 

Hair 4,000 

Oats  (wheat  and  com,  none) 16,70<) 

Cotton-seeii,  15,000  tons 1-^0, 0«» 

Cotton-seed  oil,  11,500  barrels .* 184,000 

Cotton-seed  oil-cake,  77,000  sacks,  foreign 154,00<» 

Sugar 206,5-^) 

Molasses 81,620 


Total 31,715,970 


To  foreign  ports 16,665,670 

To  domestic  ports 15,050,300 

Total 31,715,970 

J'altie  of  imports  for  the  tfcarn  1878  and  1879,  each  ending  Decemher  31. 


Articles. 


GrociM-i©H 

Dry  goods 

Notiun» 

Boots,  shoes,  and  hats 

Hanlwan* 

Clothing 

Crockery 

Driij^H  .". 

Lumber,  shiugles,  and  lathrt 

Wines  and  liquors 

Furniture  

Lime  and  cement 

Bricks 

Sash,  doors,  blinds,  &.c 

Paints  and  oils 

Iron-ties  and  haling  stuft's  . . . 

Coffee , 

Coal 

Railroad  iron  and  fastenings 
Railroad  rolling-stock 


ToUl. 


1878. 

1879. 

$o,  981,  500 

$7.813,7«»' 

2, 280.  OUO 

2,79o.0i-' 

430,000 

661,  Oi*  ■ 

1,  533, 420 

1,  78o,6.V> 

595,100 

704,20" 

604,000 

7:i.»,  o«" 

35,000 

78.  (n»'' 

200,  000 

2(Kl.  0«' 

220,000 

225.  «M" 

470.000 

540.  th».i 

230.000 

270.0"- 

18.000 

25.il«'» 

38,000 

48.  Otn- 

12U.  000 

147.  Oii" 

78,000 

92.0"" 

069.850 

997,4"^' 

519,000 

68:j,<"'- 

80,000 

88,  .•>■;.• 

112,000 

340.0'>' 

45,000 

102.  :-•..' 

M.  5r>8.  930 

18.  331.  (41- 

Increase  of  1879  over  1878, 26  i>er  rent. 

The  above  are  the  imports  for  the  Galveston  trade  only,  and  are  esti- 
mated as  being  only  one-fourth  of  the  imports  at  Galveston  for  the  State 
at  large,  which  would  be  for  1879,  $73,324,000. 
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^TATKMEXT  OF  DUTIES  COLLECTED  AT  THE  CUSTOM-HOl'SE,  GALVESTON,  ON  IMPORTED 
GOODS  FOR  THE  CALENDAR  YEAR  ENDING  DECEMBER  31,  1879,  FURNISHED  BY  E. 
M.  PEASE,    ESQ.,    COLLECTOR. 

Januarv $2,645  81 

FebniaVv 1,135  45 

March.! 5,407  8:^ 

April 3,314  99 

Mav 1,719  74 

June 1,755  52 

July 2,841  53 

Aoguat 26,809  11 

.S-pteuiber 11,842  22 

Ottober 8,187  61 

Xovtinber 14,198  91 

December t 48,684  79 


Total  1879 128,543  51 

Total  for  calendar  year  ending  Decemlier  31,  1878,  $43,007.41 ;  increase  of  1879  over 
l^^  «0  per  cent. 

In  addition  to  other  foreign  goods  to  be  entered  at  this  port  daring  this  year,  there 
hare  been  ordered  from  England  100,000  tons  of  iron  and  steel  rails,  which  will  give  a 
reteiiue  in  duties  of  over  $160,000. 

The  above  statistics  were  famished  by  kindness  of  Mr.  James  Sorley, 
of  Galveston,  Tex. 

The  work  is  located  in  the  collection  district  of  Galveston.  The  nearest  light-house 
h  on  Bolivar  Point,  at  entrance  to  Galveston  Bay. 

PAPERS  ACCOMPANYING  THIS  REPORT. 

A.  Report  of  Capt.  C.  E.  L.  B.  Davis,  Corps  of  Engineen.  ^^"^^o 

B.  R«}K>rt  of  Mr.  H.  C.  Ripley,  assistant  engineer.  Isf  iS!^  '-^  '^ 

C.  Plans  and  estimates. 
I).  Analysis  of  current  meter. 
E.  Diagrams  of  wind. 

Money  statement 

July  1,1879,  amount  available $117,462  80 

Amonnt  appropriated  by  act  approved  June  14,  1880 175, 000  00 

$292, 462  80 

July  I,  ]H^,  amount  expended  during  fiscal  year 80, 894  51 

July  1,  1><80,  outstanding  liabilities 2, 000  00 

82,894  51 


July  1,  18^,  amount  available 209,568  29 


Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1H82 .    500, 000  00 


Brsixt^s  or  port  of  GALVESTON  for  the  fiscal  year  ending  JUNE  30,   IBHO. 

Total  receipts  from  all  sources,  $346,298.97,  of  which  $318,211.24  was  from  dutien  on 
importK. 

Total  value  of  imports  from  foreign  ports,  $1,094,731. 

Total  value  of  domestic  products  exported  to  foreign  ports,  $16,726,8ii5 ;  of  which 
<otton  amounted  to  $16,519,124,  and  all  other  articles  $207,701. 

Value  of  foreign  products  exported  to  foreign  ports,  $37,028. 

« 

Kntranceti  and  clearances  of  vesaeU  at  the  port  of  Galveston  for  the  year  ending  June  30, 1880. 

-     -_  -  ^ 

Entriefl.        '     Clearaocet}. 
VfaselH, 

Xo.  '    Tons.     '  No. 


TOUM. 


.   ,  AMRUICAN  COAST. 

Atlantic  portH 193:    183.180       109 

<.u)fport« j    113       103,621       246 

FORKIOX  PORTS. 


147, 919 
146.604 


Aiii«rirftii . 


Tot«l 


27    7, 893    26  I    10, 119 
168   110, 079  ,  147  I   88, 805 


'I- 


501  I  404,  773  i  528  i   393, 537 
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A. 

repokt  of  captain  c.  e.  l.  b.  davis,  corps  of  engineers. 

United  States  Engineer  Office, 

Galve^toiif  Tex.,  June  3,  IKSO. 

iSiR:  I  have  the  houor  to  submit  the  following  report  of  operations  for  improving 
the  harbor  at  Galveston,  Tex.,  from  the  commencement  of  the  fiscal  year  1879  to  Feb- 
ruary 25,  1880,  the  date  of  your  arrival  at  Galveston,  Tex. 

BOLIVAR  GABIONNADE. 

The  construction  of  the  gabionuade  at  Bolivar  Point  was  continued  up  to  November 
28,  1879,  when  the  manufacture  and  sinking  of  gabions  were  discontinued  in  accord- 
ance with  verbal  instructions  received  from  Maj,  C.  W.  Howell,  Coi'ps  of  Engineers, 
U.  S.  A. 

The  following  table  exliibits  the  monthly  progress  made  during  the  time  of  sinking 
gabions : 


Date. 


Xnmberofj     Total       j^rnrth         Total 
gabions,    j  number.      ^^S^"'  ,  len^-h. 


1879. 
July 

AufniBt 

September 

October 

November 


104 

709 

63 

772 

88 

In  wings. 

80 

802 

3 

805 

1,262 
503 


9,183 


883 
40 


9.561 
9,600 


238 


2,278 


The  total  length  of  line  to  16  feet  of  water  outside  the  bar  is  16,500  feet;  9,60()  feet 
of  gabionnade  having  been  constructed,  thei'e  remained  uncompleted  on  the  cessation 
of  work  a  length  of  6,894  feet. 

During  the  month  of  July  106  gabions  were  sunk  in  the  Bolivar  gabionnade.  An 
examination  of  the  position  of  the  gabionnade  put  down  in  July  was  made  in  Sej^tem- 
ber. 

One  gabion  was  missing,  and  one  was  found  to  the  northward  of  and  censiderably 
out  of  Tine.  This  latter  gabion  was  put  down  at  the  close  of  a  day's  work ;  wa«  bnt 
jiartially  tilled  with  sand ;  and  two  nays  afterwards  was  found  to  have  shifted  to  its 
position  revealed  by  the  September  examination.  It  is  probable  that  the  missing 
gabion  shifted  in  a  similar  manner,  bnt  so  far  out  of  lino  as  not  to  be  discovered  by 
the  surveying  party. 

In  August  and  September  63  and  38  gabions,  respectively,  were  put  down,  disposed 
in  the  following  manner : 


ii'yyrxsoooo 


The  gabions  were  placed  very  regularly  and  in  line,  as  they  were  sunk  in  smooth 
and  shallow  water,  and  could  reailily  be  seen  in  position  when  first  put  down. 

An  examination  of  this  porti.m  of  the  gabionnide,  male  in  November,  showe.l  the 
position  of  the  gabionnade  to  be  as  follows : 


0_0002> 


%s^e^S>'^^S'^^^°°^^'^o^  ^^^c^^^ 


,^%^°°a 


The  two  gabions  Nos.  750  and  751  were  carried  away,  leaving  the  mats  and  concrete 
blocks  in  position.     These  two  gabions  were  discovered  missing  a  few  days  after  being 
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put  down.  As  they  were  tilled  properly,  no  cause  can  l>e  assignt'd  for  their  disappear- 
aoce. 

Ill  the  partial  incloenre  formed  by  the  win^  and  return  line,  put  down  in  September, 
It  waa  thought  a  rapid  accumulation  of  sand  would  take  place,  but  no  such  elfect  oc- 
curred. 

Ihiring  the  month  of  October  liO  gabions  were  placed  in  the  gabionnade.  Of  these  30 
gabions  5  had  entirely  disappeared,  when  examined  in  December,  and  others  showed 
iimsiderable  displacement. 

In  November  8  gabions  were  put  down.  Four  of  these  were  put  <lown  on  the  3d, 
the  ont«r  two  of  which  had  disappeared  on  the  19th  and  were  replaced,  and  two  more 
Mink  on  that  date.  When  the  examination  Avas  made  December  16,  only  3  of  the  S 
gabions,  remained. 

At  the  outer  end  where  the  gabions  disappeared  the  mats  remaineil  as  they  were 
placed.    At  this  point  the  construction  of  tne  Bolivar  gabionnade  was  discontinued. 

MATTRESS  JETTY. 

Id  November  I  visited  New  Orleans,  under  telegraphic  orders  from  Major  Howell, 
and  there  received  verbal  instructions  from  him  to  stop  the  manufacture  and  sinking 
of  pbions,  which  orders  I  carried  out  on  my  return  to  Galveston,  November  28,  1879. 

Major  Howell  also  gave  me  verbal  instructions  to  put  down  mats  made  of  brush  and 
(^ane  at  the  in-shore  end  of  the  Bolivar  gabionnade. 

These  mattresses  were  made  18  by  60  feet,  and  about  one  foot  thick  over  all.  The 
fane  or  brush  was  laid  one  layer  lengthwise,  another  crosswise,  and  another  length- 
'Vise,  all  held  in  place  by  frames  of  yellow  pine,  above  and  below  fastened  together 
^itb  iron  bolts,  wooden  pins,  and  galvanized  iron  wire. 

A  few  mattresses  18  by  30  feet  and  1  foot  thick,  made  in  a  similar  manner,  were  also 

The  larger  mats  were  loaded  with  100  concrete  blocks.  The  blocks  were  the  same 
a»  those  used  in  weighting  the  mats  placed  under  the  gabions.  They  are  about  30  by  18 
by6  mchee,  equal  to  1^  cubic  feet,  with  an  average  weight  of  230  pounds,  making  the 
total  weight  of  blocks  on  each  mat  23,000  pounds. 

During  the  month  of  December  30  of  the  larger  and  4  of  the  smaller  mattresses  were 
placeil  in  position. 

As  there  was  a  deep  trench  along  the  line  of  the  gabionnade,  an  offset  of  114  feet  to 
the  northward  was  made  as  soon  as  the  line  of  mattresses  met  the  gabions,  in  order  to 
avoid  this  trench.  The  mattress  line  was  then  continued  parallel  to  the  line  of  the 
gabionnade. 

Dnring  the  month  of  January  31  mattresses  were  sunk,  28  of  the  larger  and  3  of  the 
ftiuaOer  size. 

Dnring  the  month  of  February  27  mattresses  of  the  larger  and  4  of  the  smaller  size 
were  snnk. 

I'nder  date  of  Febniary  4,  1880,  Mr.  Kipley,  United  States  assistant  engineer,  re- 
ported as  follows : 

'*  I  have  the  honor  to  report[that  during  Sunday's  storm  there  were  a  number  of  mat- 
trebles  dislodged  from  the  jetty.  Three  are  broken  to  pieces,  and  the  lumber  and  cane 
are  iftrewn  along  the  beach  south  of  the  ranee.  Two  are  still  in  the  water  only  a  short 
(H^tance  from  the  Jetty  on  the  south  side.  Their  positions  are  shown  by  the  ends  of 
the  cane  projecting  above  the  water.  Apparently  one  end  of  each  is  relieved  of  the 
concrete  blocks,  wnich  allows  it  to  come  up  to  near  the  surface  of  the  water,  the  ends 
of  the  cane  projecting  above  it.  About  i  of  1  of  the  3  broken  ones  lies  near  the 
water's  edge,  and  has  9  blocks  upon  it.  These  mattresses  all  came  from  near  the  inner 
♦•nd  of  the  jetty,  as  I  can  tell  by  the  lumber  in  the  frames.  The  cook  on  the  clam- 
t^hell  dredge  reports  that  on  Sunday  he  saw  5  mattresses  drift  past  the  dredge  toward 
the  harbiir. 

"Shortly  after  your  arrival  the  sinking  of  these  mattresses  was  discontinued,  since 
which  time  no  examination  has  been  niaSe." 

Repairs  to  the  plant,  wharves,  buildings,  etc.,  were  made  during  the  year,  the  de- 
tailn  of  which  will  be  found  in  the  report  of  the  operations  of  the  construction- yard. 

SIRVEYS  AND   EXAMIXATIOXS. 

During  the  year  surveys  of  the  outer  and  inner  bars  and  examinations  of  the  line 
f*f  the  Bolivar  gabionnade  were  made  at  times  favorable  for  such  work.  A  complete 
Hiney  of  the  outer  and  inner  bars  was  made  in  the  month  of  August,  1879. 

A  comparison  of  the  inner-bar  portion  with  the  survey  made  the  pn-cedine  April 
showed  that  no  material  change  had  taken  place.  There  was  a  practicable  channel 
J'f  20i  feet  depth  with  a  least  width  of  500  feet  on  the  inner  bar,  and  400  feet  wide 
iuaide  the  bar  between  the  20-foot  contour-lines. 

A  compariRon  of  the  survey  of  the  outer  bar  with  that  ma<le  in  the  mouth  of  June  pre- 
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cod  inpjHl  lowed  conHiderablechanj^o,  especially  iuuncdiately  in  front  of  the  Bolivar  chan- 
nel, where  a  Hhoaling  from  ^  to  1  foot  was  found.  A  severe  northeasterly  storm  occurred 
on  the  23d  and  24th  of  Auj^ust,  and  the  Houudincs  upon  this  portion  of  the  bar  were 
taken  on  the  2r)th,  so  the  change  was  undoubtedly  due  to  this  storm  and  the  shoaling 
was  subsequently  found  to  have  disappeared,  and  as  no  complaints  were  heard  from 
^hip-masters  or  pilots  it  is  probable  tue  shoaling  was  of  very  short  duration. 

A  survey  of  the  outer  bar  was  made  in  November  and  December.  On  comparing; 
this  chart  with  those  previously  made,  no  material  change  was  found  to  have  taken 
place. 

Examinations  of  the  Bolivar  gabionnade  were  made  in  July,  September,  and  No- 
vember, for  the  purpose  of  noting  the  changes  that  had  taken  place  in  the  positions 
of  the  gabiouM. 

These  examinations,  some  of  which  were  quite  extensive  and  included  the  whol*' 
line,  were  reported  upon  at  the  time  to  M^jor  Howell,  and  the  reports  will  be  fornd 
among  the  office  records. 

Very  respectfully,  your  ol>edieut  servant, 

Chas*.  E.  L.  B.  Davis, 

Captain  of  Engineers. 

Mj^j.  S.  M.  MAXSFiKr.D, 

Coi'pa  of  Kngineei'8,  V,  S.  .i. 


H. 

RKPORT  OF   MR.    U.    C.    RIPLKY,    ASSISTANT  EN<iINKKI{. 

Bolivar  Point,  Tkx.,  July  6,  18r*0. 

Captain  :  I  have  the  honor  to  submit  the  following  report  of  operations  for  the 
iniprovement  of  Galveston  Harbor,  Texas,  for  the  year  ending  June  :K),  1880. 

The  journal  herewith  transmitted  is  of  the  usual  form  and  shows  the  expenditure  of 
material  and  labor,  the  construction  of  gabions,  concrete  blocks,  mattresses,  d^o.,  tht^ 
repairs  to  plant  and  other  incidental  work. 

The  progress  made  in  gabionnade  construction,  together  with  detailed  accounts  of  the 
behavior  of  the  gabions  and  of  changes  shown  by  surveys,  have  already  been  reported. 
8ee  reports  date<l  August  1  and  22,  September  12  and  20,  November  17,  18^,  and 
January  6,  1880.  A  descrii>tion  of  mattress  construction  (mattress  of  brush  or  cane, 
with  stiff  wooden  frames),  together  with  a  tracing  showing  manner  of  placing  mat- 
tresses and  .their  behavior,  has  also  been  furnished.     See  report  dated  March  4,  18^0. 

After  the  arrival  of  Colonel  Mansfield,  who  hail  relieved  Mi^or  Howell  in  charge  of 
this  work,  the  construction  of  mcittresses  with  frames  of  wood  was  discontinued,  and 
fiinco  that  time  our  work  has  been  to  a  great  extent  experimental.  Under  Colonel 
Mansfield's  direction  mattresses  have  been  constructed  after  the  manner  of  the  Dutch 
in  the  improvement  of  the  river  Maas. 

A  brief  description  of  our  experiments  with  this  form  of  mattress  will  now  be  given. 
A  mattress  18  by  30  by  1.5  feet,  made  wholly  of  cane,  was  placed  in  the  water  and 
weighted  with  concrete  blocks  until  it  sunk  to  the  bottom;  92  blocks  were  required 
to  barely  sink  it  and  100  blocks  were  necessary  to  hold  it  firmly  upon  the  bottom. 
The  weight  of  100  blocks  is  about  23,000  pounds,  which  shows  that  it  reouired  2^^ 
]>ounds  of  stone  to  overcome  the  buoyancy  of  each  cubic  foot  of  mattress.-  The  resnt 
of  this  exi>eriuient  was  deemed  sufficient  to  condemn  the  use  of  cane  for  the  bulk  of 
the  mattress ;  for,  the  cane  beiug  hollow  and  air-tight,  it  is  believed  that  its  buoyan*  y 
would  n<it  be  greatly  diminished  by  getting  water-soaked,  and  hence  as  one  of  the  c<»i»- 
stituents  of  the  jetty  it  could  never  prove  economical. 

A  second  mattress  18  by  30  by  1.5  feet,  made  of  brush  with  cane  fascines,  ropes  and 
hurdle,  was  placed  in  the  water  and  attached  to  the  stem  of  the  dredge-boat  which  is 
n)oored  ott"  the  wharf  in  about  7  feet  of  water.  This  mattress  sunk  in  about  one  week 
of  its  own  accord  and  became  so  firmly  attached  to  the  bottom  as  to  hold  the  dredge- 
boat  against  a  strong  wind  and  tide  until  finally  the  line  was  broken  and  the  di-edgt* 
«wung  to  her  anchor.  Two  mattresses  18  by  30  by  1.5  feet  were  next  placed  on  thr 
line  of  the  north  jetty  at  the  outer  end  of  the  gabionnade.  From  the  mattress  in  the 
bay  sinking  of  its  own  acccord.  it  was  believed  that  only  a  few  courretei  blocks  would 
be  necessary  to  sink  them ;  but  these  2  mattresses  had  been  made  s^mie  time,  and  tW 
brusli  of  which  they  were  composed  had  become  thoroughly  dried  so  that  its  buoyancy 
was  much  greaU-r  than  had  been  anticipated,  so  that  it  was  found  atter  the  mattresses 
wore  launched  that  there  were  barely  blocks  enough  to  sink  them.  The  edge  of  one 
mattress  lodge<l  on  the  end  of  a  gabion  in  sinking,  and  the  sinking  lines  being  too  weak 
to  raise  it,  before  it  could  be  dislodged  the  blocks  from  that  edge  had  rolled  down 
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(•'vanlM  \hv  lower  side  of  t\\Q  mattrcHS.  The  other  mattret«8  wa»  capsized  in  launch- 
iQ^frum  th«»  t>arge,  80  that  the  hurdlen  which  wei*e  intended  to  keep  the  blockfi  from 
bf'iiij;  waslied  oft'  the  luattreHM  wei-e  ou  the  under  side,  and  hence  of  no  use. 

After  a  fniitless  eft'ort  to  turn  the  mattresH  rin^ht  Bide  up,  it  beiu^  quite  late  and  the 
t-^A  ijirreasing,  the  blocks  were  placed  upon  it  and  it  wan  lowered  to  the  bottom.  It 
wjw  then  too  late  and  the  tide  wa»  too  strong  to  bring  the  barges  in,  so  they  were 
miiored  near  by  and  left.  The  sea  increaaed  during  the  night  to  such  an  extent  that 
one  of  the  barges  broke  away  from  her  mooring  by  tearing  away  the  g,vp8y  from  the 
i^iDiMm-post.  It  was  with  great  difficulty  next  morning  that  men  coiild  get  from  the 
T .::  to  the  remaining  barge  to  raise  the  anchor,  ou  account  of  the  sea. 

I  have  been  thus  urinnte  in  the  description  of  the  placing  of  these  two  mattresses 
and  of  the  condition  of  the  weather  because  two  days  later,  after  the  sea  had  subsided, 
it  was  found  that  they  had  been  carried  away.  Eighty  blocks  had  been  placed  upon 
them,  which  is  equivalent  to  11^  pounds  per  cubic  foot  of  matti*ess.  The  cause  of  the 
•H-ries  of  accidents  above  enumerated  was  due  to  inexperience  as  to  necessary  strength 
ofMnking-lines,  amount  of  ballast  needed,  mode  of  launching,  &c. 

Two  days  lat-er  two  more  mattresses  of  the  same  size  wei*e  placed  at  the  same  point 
without  a  single  accident.  These  were  placed  end  to  end  across  the  line  of  the  jetty 
and  weight-ed  with  125  blocks  equivalent  to  .17f  pounds  per  cubic  foot  of  mattress. 
All  examiniltion  made  17  days  subsequent  to  their  placing  does  not  reveal  any  settle- 
ment even  at  their  <Mlges ;  neither  is  there  shown  any  tendency  to  an  accumulation  of 
x*m\  almut  them.  Wnether  the  sand  has  filled  the  interstices  in  the  brush  could  not 
l*^  detennined.  These  mattresses  were  placed  in  about  14  feet  of  water — ^a  deep  scour- 
iiii;  having  taken  place  at  the  end  of  the  gabionnade — ^which  may  l>e  the  cause  of  their 
tUilure  to  collect  sand.  At  any  rate  the  question  can  haixlly  be  considered  decided  by 
tile  action  of  these  two  mattresses,  placed  as  they  are  at  the  immediate  end  of  the 
s:i>>ionDade. 

A  record  of  the  tide  and  wind  has  been  kept  as  heretofore  by  means  of  self-register- 
>o«;  tide-gauge  and  anemometer,  and  a  rain-gauge  has  been  established  since  April. 
These  records  together  with  the  record  of  the  mean  daily  height  of  the  barometer 
(•>Wtatned  from  the  signal  office,  at  Galveston)  are  being  plott-ed  so  as  to  represeqt 
them  graphically  on  a  single  chart.  This  chart  is  not  yet  finished,  but  will  oe  fur- 
"i-nhed  n  aoon  as  completed.  A  meter  attachment  has  been  made  to  the  registering 
xpparatnsof  the  tide-gauge,  so  that  a  record  of  the  velocity  of  the  current  is  also  kept-. 
A  description  of  the  meter  a-ccompanies  this  report.  The' wind  record  has  been  plot- 
ted on  diagrams  which  are  herewith  transmitted. 
Very  respectfully,  your  obedient  servant, 

H.  C.  RiPLKV, 

Attfn8f4»nt  /engineers 
Capt.  C.  E.  L.  B.  Davis, 

Corps  of  Enginetrn  U,  S,  ./. 


C, 

PL\Xj*  AXI>  KSTIMATKS,    REPORT  OF   MR.    11.  C.  RIPLKY,  ASHISTAN'T  EXGINKKR. 

Bolivar  Point,  Tex.,  Juhj  3,  1880. 

Colonel:  In  accordance  with  your  verbal  instructions  to  prepare  plans  and  est i* 
|":»tes  for  the  improvement  of  the  entrance  of  Galveston  Harbor,  Texas,  by  means  of 
j'*ttit^  constructed  aft^r  the  manner  of  the  Dutch  in  the  improvement  oi*  the  river 
Maa».  I  have  the  honor  to  submit  the  following  report : 

.  The  accompanying  tracings  show  tlie  form  and  position  of  each  jetty.  The  south 
."•tty  lias  a  total  length  of  15,330  feet,  and  extends  from  the  6-foot  contour  at  its  inner 
♦;id  to  the  13^  foot  contour  at  its  outer  end.  Comnieneing  at  the  inner  end  for  4,0eMJ 
*'^t.  the  top  is  5  feet  below  the  water  surface  and  ban  a  width  of  12  feet.  From  tluH 
h>int  the  jetty  slopes  up  to  the  w^ater  surface  and  gradually  increases  its  width  on 
^"P  ftom  W  feet  to  24  feet  at  a  distance  from  the  inner  end  of  10,220  feet. 

From  this  point  the  top  width  is  uniformly  24  feet,  and  the  top  is  at  the  water  sur- 
fa'»;  for  a  distance  of  14,960  feet  from  the  inner  end.  From  this  point  to  the  outer  end, 
«  distance  of  370  feet,  it  gradually  sloju'*  down  to  the  foundation  mattress.  The  side 
^W»«;  is  the  same  throughout  for  either  side  of  the  jetty,  and  has  been  assumed  at  1  on 
^  with  a  base  lierm  projecting  10  feet  beyond  the  iiitei-section  of  the  side  slope  and 
i«'iiQdation  mattress.  Lest  the  width  of  this  bemi  uhonld  prove  insufficient  on  account 
'•^:mexpect.od  scour,  an  allowance  has  been  made  in  the  '^R^^sum^^  of  Estimates''  for 
:»ii  additional  width  of  5  feet  on  either  side.  Tlie  outer  end  of  the  jetty  or  **pier  head  *' 
'V^ntially  different  in  form  from  that  of  the  Maas  jetty.  It  is  believed,  however,  that 
<liff«*n;nt  conditions,  together  with  diminished  cost,  warrant  the  modification.  All  heavy 
**^*^  must  come  from  the  Gulf,  and  will  strike  tht*  jetty  directly  in  end  or  at  a  small 
Jiogle.  A  gently  sloping  face  well  paved  to  a  depth  of  8  feet  will  undoubtedly  receive 
1^  shock  than  an  enlarged  and  mo«j  abrupt  pier  head.  Should  experience  during 
^w  course  of  construction  prove  its  necessity,  a  less  side  slope  can  be  given  to  the 


1212  REPORT  OP  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

Jetty  at  it8  head  ho  hh  to  iiicrt^ase  it^*  bottom  width  atitghighent  point  to,  saj,  400  feai 
iuHtead  of  90  feet,  and  the  wide  coiUd  be  paved  aa  is  shown  on  the  end  slope.  This 
can  be  accompliHiied  at  a  small  additionsd  cost  and  would,  I  think,  insure  the  jetty 
hea<l  against  storms  which  would  endiwger  less  exposed  portions  of  the  jetty. 

The  pile  construction  supporting  the  railway  is  also  different  from  that  of  the  Maas 
jetty:  but  it  is  believed  to  posse^ss  greater  atreneth  and  stiffness  at  a  less  cost.  The 
estimate  for  pile-work  contemplates  that  the  timber  shall  be  of  oak  throughout,  and 
that  the  piles  shall  be  covere<i  with  zinc,  wherever  they  come  in  c<mtact  with 
the  water,  to  pix)t€ct  them  from  the  teredo.  Two  rows  of  piles  5  feet  from  center  to 
center,  with  alteniate  pairs  driven  at  an  angle,  as  shown  on  the  tracing,  extend  fn>i]i 
section  A  to  section  F  inclusive.  From  section  G  to  section  O  inclusive,  4  rows  of  piles 
are  conteniplatetl,  as  are  shown  on  the  tracing  in  plan  and  section. 

It  is  lielieved  that  the  pile-work  will  be  unnecessary  for  the  purpose  of  **  consolidat- 
ing" the  jetty,  and  hence  may  be  dispensed  with,  unless  it  should  be  thought  an  eco- 
nomii'al  auxiliary  in  construction. 

The  north  jetty  has  a  total  length  of  8,090  feet,  and  extends  from  near  the  outer 
end  of  the  Bolivar  gabionnade  to  the  12-foot  contour  across  the  bar.  The  inner  end 
is  at  a  point  on  a  shoal  where  the  clay  formation  comes  to  within  about  6  feet  of  the 
water  surface  and  where  the  gabions  have  shown  little  disposition  to  settle  further 
than  through  the  sand  deposit  which  covers  this  substratum  of  clay.  «Froin  this 
point  the  top  of  the  jetty  slopes  up  to  the  water  surface  and  increases  its  width  grad- 
ually fiTim  1*2  feet  to  24  feet  at  a  distance  of  2,260  feet.  From  this  point  to  its  out^r 
end  the  top  width  of  the  jetty  remains  at  24  feet  and  the  top  lies  in  the  wat«r  sur- 
f:ice  to  within  300  feet  of  the  end,  from  which  point  it  gradually  slopes  down  to  the 
foundation  mattress  at  the  end. 

Section  A  begins  at  the  outer  end  of  the  gabionnade,  and  shows  where  the  inner 
end  of  the  jetty  would  l>e  if  it  be  thought  uunecessaiy  to  carry  it  back  to  the  shoal 
above  mentioneil.  The  pile- work  consists  of  4  rows  of  piles  6  feet  apart,  with  the 
piles  in  each  row  .5  feet  from  cent«r  to  center  without  walling  or  snperstnicture.  They 
are  only  intimded  for  the  )»urpose  of  "consolidation."  In  other  respects  the  details 
are  similar  to  those  for  the  south  jetty. 

Two  estimates  for  each  jetty  are  herewith  submitted :  one  in  which  the  structure  is 
composed  of  a  foundation  mattress  and  atone  only,  and  the  other  in  which  the  struel- 
nre  18  composed  of  a  foundation  mattress  and  alternate  layers  of  hearting  maiti-essen 
and  stone — the  top  being  paved  in  strict  accordance  with  the  Dutch  method. 

The  side  slope  which  has  been  assumed,  it  is  believed  is  steeper  than  stone  will 
take  if  thrown  in  and  allowed  to  assume  its  own  slope,  and  it  is  probable  that  ?»0 
per  cent,  would  not  be  too  much  to  add  to  the  estimate,  for  the  increase  due  to  the 
t;hange  of  slope,  if  foundation  mattresses  and  stone  alone  be  used.  This  addition  has 
been  mtule  in  the  **  Resume  of  Estimates.*' 

It  should  be  remarked  that  these  estimates  have  been  made  on  the  basis  of  actual 
experience  here  in  the  kind  of  construction  proposed,  and  it  is  believe<l  that  the  esti- 
mate is  a  liberal  one.  The  only  element  of  uncertainty  is  the  cost  of  construction, 
and  this  must  always  be  an  uncertain  element  in  work  of  this  kind,  where  the  pro<r- 
ress  of  the  work  is  dependent  upon  the  stat-e  of  the  weather. 

In  the  adoption  of  the  form  of  the  profiles  of  the  jetties  we  have  been  guided  by  the 
principle  that,  while  the  ebb  current  should  be  confined  to  a  single  channel  across  the 
bar,  as  little  obstruction  as  possible  should  be  placed  to  the  admission  of  water  into 
the  bay  during  fiood-tide.  It  was  desirable  to  accomplish  this  result  with  a  miuiniuni 
amount  of  construction,  and  hence  the  inner  ends  of  the  jetties  commence  some  dis- 
tance fiom  the  shore.  In  case  of  the  south  jetty,  it  is  believed  th^t  the  opening 
between  its  inner  end  and  the  pile  breakwater  will  be  protected  from  scour  during  ebb- 
tide by  the  current  from  Galveston  Channel,  whose  direction  is  such  as  to  force  the 
water  in  Bolivar  Channel  northward  and  prevent  much  tendency  to  spread  south wanl 
until  a  point  of  the  jetty  some  distance  from  its  inner  end  is  reached.  About  2,000 
feet  from  its  inner  end,  where  the  first  concentration  of  current  against  the  jetty  occurs, 
it  would  se4*m  appropriate  to  raise  the  jetty  to  it-s  full  height :  but  inasmuch  as  a  larjxer 
opening  must  be  left  for  the  admission  of  fiood  water  into  the  bay,  and  the  inner  end 
seems  to  be  the  only  available  ]dace  for  an  opening,  aside  from  the  opening  betweeu 
the  jetties,  this  portion  of  the  ietty  is  raised  only  sufficiently  to  destroy  the  scouring 
force  of  the  current,  and  its  full  height  is  delayed  until  a  point  on  the  bar  is  reached 
where  the  direction  of  the  flood  eun-ent  is  such  that  the  jetty  offers  but  little  opposi- 
tion to  it.  Then,  too,  during  ebb-tide,  this  is  the  portion  of  the  jetty  most  efficient 
in  concentrating  the  current  on  the  bar ;  for,  after  passing  the  gorge  between  Bolivar 
Point  and  Fort  Point,  the  momentum  of  the  water  must  render  the  tendency  to  im- 
mediate divergence  comparatively  small. 

In  case  of  the  north  jetty,  it  will  be  seen  that  the  oi)ening  between  its  inner  end 
and  the  shore  is  covered  by  a  shoal  extending  from  Bolivar  Point  along  the  north 
margin  of  Bolivar  Channel,  crossing  the  line  ofthe  jetty  at  its  inner  end. 

This  shoal  acts  the  part  of  a  drowned  jetty.  Its  formation  was  undoubtedly  due  to 
an  eddy  caused  by  the  setting  in  of  flood-tide  from  the  northeast  while  the  current  in 
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Bolivar  Clianue]  was  still  runDing  ebb.  Its  maintenance,  I  think,  is  duo  to  two  causes: 
tiret,  a  littoral  cnirent  in  the  GnTf  setting  westward — (the  opinion  of  sea-faring  men 
familiar  with  the  Gnlf  currents  is  to  the  effect  that  a  littoral  current  of  greater  or  less 
vrlocitT  mns  to  the  westward  nine-tenths  of  the  time) ;  second,  northerly  winds,  which, 
irhile  they  force  the  water  oift  of  the  bay  and  cause  high  velocities,  at  the  same  time 
imtis  the  water  of  the  Gulf  against  the  north  side  of  Bolivar  Channel  and  prevent  its 
water  from  diverging  northward.  Where  the  gabiouuade  crosses  this  shoal,  compact, 
tt'oai'ions  blue  clay  is  fonnd  about  6  feet  fh)m  tne  water  surface  covered  with  3  feet  of 
sand.  The  existence  of  a  clay  formation  in  the  clear  watera  of  the  Gulf  assures  us  of 
iTH  ancient  origin,  and  hence  we  should  expect  that  the  same  forces  which  have  formed 
tlii^  shoal  and  preserved  it  for  a  long  period  will  continue  its  existence,  for,  if  onr 
theory  of  its  formation  and  maintenance  be  true,  the  building  of  the  Jetties  will  not  alter 
the  conditions  to  the  prejudice  of  the  shoal.  It  would  be  useless,  therefore,  to  plac« 
th«»  inner  end  of  the  jetty  neaier  to  the  shore  than  the  point  proposed.  The  ^^dual 
Kl*»pe  from  the  inner  end  to  the  wat^r  surface  is  to  conform  to  the  gradually  mcreas- 
ini;  tendency  of  the  water  to  divergence,  which  must  exist  as  the  distance  from  the 
ethoal  is»  increased,  and  also  to  avoid  an  abrupt  end,  which  would  be  likely  to  cause 
«^<Ues  and  unnecessary  scour. 

The  extreme  height  of  the  jetties  is  placed  at  the  water  surface  of  mean  low-tide 
mher  than  at  the  neight  of  high-tide,  for  the  reason  that  the  strongest  ebb  currents, 
and  hence  those  from  which  the  greatest  scour  is  expected,  occur  after  the  water  has 
fallen  about  one-half  the  distance  from  high-tide  to  low-tide  (as  is  shown  by  the  current 
ntet«'r  curve  for  a  point  in  the  bay,  and  it  is  probable  that  at  a  point  on  the  bar  the 
%trongeMt  ebb-tide  would  be  found  at  a  stage  of  the  tide  much  lower,  since  there  must 
W  considerable  slope  to  the  water  surface  with  a  strong  current,  which  in  a  distance 
«'f  5  miles  would  make  quite  a  difference  in  the  height  of  the  water  surface),  and 
bcnce  any  h<'ight  of  jetty  in  excess  of  the  height  of  the  water  surface  would  not  only 
1m>  Auperfluous  as  a  confining  agent,  but  it  would  go  to  increase  the  obstruction  to 
the  entrance  of  flood  water.  For  strict  economy,  therefore,  we  should  place  the  height 
of  the  highest  part  of  the  jetty  so  low  that  the  water  surface  during  strong  ebb  cur- 
n*nt8  would  not  fall  below  it. 

In  the  expenditure  of  s6  large  an  amount  of  money  as  the  building  of  these  two 
J»*ttie«  involves,  the  question  naturally  arises.  What  depth  across  the  bar  may  be  ex- 
|>»*cted  from  the  outlay  f  To  give  a  complete  and  definite  answer  to  this  question 
mujit  be  freely  admitted  to  be  impossible;  yet  we  think  it  can  be  shown  beyond  a 
reuonable  doubt  that  there  will  result  a  siitticieut  depth  to  satisfy  all  present  and 
pn)spectivo  demands  of  the  i>ort. 

We  have  the  tVdlowing  data : 

1.  Area  of  iMterior  ba.siii square  miles. .  451. 

ti.  Mean  daily  tide  at  Bolivar  Point feet . .  1.1 

3.  Area  of  cr«>ss-section  of  gorge  between  Bolivar  Point  and 

Fort  Point square  feet . .  155, 611 

4.  Hydraulic  mean  depth  of  section feet . .  17.  'A 

•^.  (Greatest  dentli  in  section feet. .  44 

JJ.  Area  of  prohle  of  south  jetty square  feet . .  115, 496 

T.  Area  of  profile  of  north  jetty square  feet . .  61, 170 

".  Area  of  discharge  over  south  jetty s((uare  feet . .  IJ5,  ITi/O 

1*.  Area  of  discharge  over  north  jetty square  feet . .  6, 780 

I'K  Area  of  discharge  over  shoal  at  inner  end  of  south  jetty square  feet..    24, 330 

11.  Area  of  discharge  over  opening  at  inner  end  of  north  jetty,  .square  feet. .     55, 370 

12.  Area  of  discharge  1>etween  north  and  south  jetties square  feet..  140, 690 

Now,  without  going  into  a  refined  mathematical  discussion  calling  for  exact  data  as 
>o  velocities,  water  slopes,  and  volume  of  discharge,  which  we  do  not  possess,  we  wilt 
«imply  point  to  the  fact  that  in  the  present  condition,  without  jetties,  there  is  main- 
taintHl  on  the  bar  over  the  area  Iwtweeu  the  two  jetties  a  very  constant  depth  of  11 
f'-et,  with  an  area  of  discharge  of  140,690  square  feet.  The  eftect  of  the  jetties  will  be  to 
augment  the  discharge  between  them  by  an  amount  equal  to  the  amount  whioh  now 
crosses  the  line  of  the  proposed  jetties  and  finds  its  way  across  the  bar  at  other  points. 
Tlie  area  of  this  discharge  is  equal  to  the  combined  areas  of  the  profiles  of  the  jetties, 
»hich  is  176,666  Sipiare  feet.  In  the  absence  of  current  measurements  to  detennine 
the  amount  which  thus  escapes  we  have  to  judge  of  its  amount  by  its  effect  in  main- 
taining certain  depths  u]H)n  those  portions  of  the  bar  over  which  it  passes.  An  in- 
^IHNCtion  of  the  chart  nhows  that  the  water  crossing  the  north  jetty  is  sufficient  to 
maintain  depths  varying  from  4  feet  to  10^  feet.  We  will  be  safe  in  assuming  the 
n»ean  depth  at  8  feet. 

Art  compared  with  the  discharge,  therefore,  between  the  jetties,  it  would  be  as  H  to' 
n.  and  tue  amount  would  be  euuivalent  to  an  amount  which  would  pass  an  area  /r 
of  the  area  of  the  north  jetty,  wliich  is  61,170  x  n  =  44,451  S(|uare  feet. 

Over  the  line  of  the  south  jetty  the  discharge  is  much  greater,  being  sufiicient  to 
niaintain  depth*)  ranging  from  6^  to  11  feet. 
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We  will  be  well  on  the  side  of  safety  in  taking  the  mean  depth  at  9  fe«t.  As  couv 
])ared  with  the  diocharge  between  the  jetties,  therefore,  it  would  be  as  9  to  11,  aixl 
the  amoaut  would  be  equivalent  to  an  amount  which  would  pass  an  area  f^  of  the  area 
of  the  south  jetty,  which  is  115,496  X  ^  =94,497  scinare  feet. 

The  augmentation,  therefore,  would  be  44,451  -f-  94,49?^=i:i8,948  square  feet,  whicth  is 
nearly  equal  to  the  preHeut  area  of  discharge  between  the  proposed  jetties,  and  heuc*^ 
the  resulting  area  of  discharge  between  the  jetties  will  be  nearly  twice  its  preHcuT 
area.  Since  there  can  bf"  no  lateral  enlargement  there  will  result  a  mean  depth  ut' 
about  22  feet. 

An  hydraulic  meau  dej»th  of  17,'\,  feet  in  the  cross-Hection  of  the  gorge  between  Boli- 
var Point  and  Fort  Point  gives  an  extreme  depth  of  44  feet.  The  conditions,  however, 
ai*e  different  in  the  gorge  and  on  the  bar,  so  that  in  the  latter  place  we  should  not 
<'xpect  so  great  a  diftereuce  lietween  the  mean  and  extreme  depths ;  but  since  Die 
minimum  depth  cannot  be  greater  than  the  height  of  ^he  jetty,  and  since  the  friction 
caused  by  the  jetticH  themselves  must  prevent  a  uniformity  of  velocity  tliroughout  tin* 
section,  hence  we  should  look  with  confidence  for  an  extreme  depth  of  not  less  than 
25  feet. 

Thus  far  the  subject  of  maintenance  only  has  been  considered,  and  since  it  is  well 
known  that  a  greater  force  in  required  to  deepen  than  to  maintain  a  channel  the  fjiie*^- 
tion  arises  as  .to  how  the  deepening  is  to  be  etfected.  This  subject,  therefore,  calls  for 
some  consideration.  The  area  of  the  bay  which  serves  as  a  reservoir  is  451  square 
miles,  and  the  average  tide  at  Bolivar  is  1.1  feet.  It  should  be  remarked  that  only  a 
small  portion  of  the  bay  is  raised  to  this  height  in  an  ordinary  tide  (see  Report  of  Chief 
of  Engineers  for  1877,  Part  I,  page  463);  but  at  times  of  storms  or  extraordinary  tides 
the  water  in  the  bay  is  elevated  several  feet.  During  the  storm  of  1877  a  careful  rec- 
oi-d  of  the  tide-waskept.  The  bay  was  filled  gradually  to  a  height  of  51^0  fo©t  above 
the  plane  of  mean  low-tide.  A  sudden  shifting  of  the  wind  to  the  north,  from  which 
point  it  blew  with  a  high  velocity,  induced  so  rapid  a  discharge  of  the  bay  water  tliat 
the  surface  was  lowered  6^  feet  in  twenty-three  and  a  half  hours.  The  resulting 
velocity  of  current  was  enormous,  and  there  can  be  no  doubt,  had  the  jetties  been  coii- 
structe<i,  that  the  scouring  force  would  have  been  sufficient  to  have  excavated  a  deep 
channel  across  the  bar,  even  though  the  material  had  been  clay  instead  of  sand.  Dur- 
ing the  storm  of  1875  the  surface  of  .the  bay  was  elevated  8^  feet  at  Bolivar  Point,  aiul 
at  the  head  of  the  bay  it  is  reported 'to  have  been  elevated  from  12  to  15  feet.  No  rec- 
ord of  the  time  occupied  in  its  discharge  was  kept ;  but  the  force  exerted  upon  the  bar 
was  sufficient  to  move  the  whole  body  of  the  bar  in  front  of  Bolivar  Channel  nearly 
half  a  mile  seaward.  But  aside  from  these  great  storms,  which  occur  periodically, 
there  ai*e  during  each  year  a  number  of  occasions  when,  under  the  influence  of  strong 
northers,  the  surface  of  the  bay  is  lowered  in  a  few  hours  2,  3,  or  more  feet,  and  tbe 
resulting  force  of  the  current  is  undoubtedly  sufficient,  with  the  concentration  which 
the  jetties  will  give,  to  remove  the  unstable  sand  formation  of  which  the  bar  is  coin- 
posed. 

It  must  be  evident  from  the  foregoing  that  with  the  jetties  constructed  there  will 
be  excavated  and  maiutaine^l  a  channel  across  the  bar  of  sufficient  depth  to  satisfy 
every  demand.  But  we  have  seen  that  a  good  deal  of  uncertainty  exists  as  to  the  full 
extent  of  stMiur  which  will  take  place,  and  hence  economy  dictates  that  the  construc- 
tion (should  progress  in  such  a  manner  as  to  encourage  the  greatest  amount  of  scour  in 
the  proposed  channel,  and  at  the  same  time  admit  of  a  cessation  when  the  desin^l 
depth  is  reache<l.  If  this  course  be  pursued  there  are  good  reasons  for  hoping  that  the  en- 
tire completion  of  both  jetties  will  not  l»e  necessary.  An  examination  of  the  current 
meter  curve  shows,  and  the  history  of  the  deepening  of  the  inner  bar  proves,  that  bur 
little  scouring  effVuit  can  be  expected  from  the  ordinary  tidal  currents ;  and  an  exam- 
ination of  the  tide  and  wind  chart  shows  that  extraordinary  discharge  currents  occur 
only  during  northerly  winds;  and  an  inspection  of  a  chart  showing  the  relation  of  the 
bay  and  Gulf,  shows  that  strong  discharge  currents  cannot  occur  with  the  wind  lying 
between  east  and  south.  An  inspection  of  the  wind  diagrams  shows  that  the  only 
strong  winds  which  will  induce  a  rapid  discharge  of  the  bay  water  are  northerly  one«. 
'Vhe  only  condition,  therefore,  when  much  scour  can  occur  is  when  strong  northerly 
winds,  which  force  the  water  out  of  the  bay,  at  the  same  time  press  the  water  of  the 
(lulf  against  the  north  aide  of  the  channel,  and  prevent  its  water  from  diverging  north- 
ward. This  furnishes  an  explanation  for  the  fac;t  that  no  channel  across  the  bar  of  any 
importance  has  ever  existed  lying  anywhere  noi*th  of  the  axis  of  Bolivar  Channel : 
while,  since  official  re<*onls,  a  number  of  good  channels  have  existed  the  direction  of 
whose  axes  varied  from  extreme  east  to  extreme  south. 

There  can  be  no  doubt,  therefore,  that  the  south  jetty  is  the  imixtrtant  one,  an<l 
should  be  constructed  first.  To  avoid  the  scour  which  would  be  likely  to  occur  at  the 
end  of  any  completed  portion  of  the  jetty,  it  would  seem  advisable  to  place  the  foun- 
dation mattresses  throughout  the  entire  length  before  the  superstructure  is  commenced. 
By  thus  commencing  at  the  bottom,  and  raising  the  height  gradually,  the  jetty  coulil 
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xvive  its  top  finish  at  any  time  whenever  the  chaniicl  dept)i  nlioiild  aiuioniice  that 
•Niiftieient  height  had  l>eeu  reached. 

Very  re«pectfally,  your  obedient  servant, 

H.   C.    KiPLEY. 

jMHtsiant  Engineer. 
Bvt.  Lieut.  Col.  S.  M.  Mansfield, 

Major  of  EntjineerBf  ('.  S.  J. 


^^TIMATKS  KOR   S4)rTH   AXD  XoRTH   JETTIES  IN   SECTIONS,  AS   SHOWN  ON  THE  ACCOM- 
PANYING  TRACING. 

In  the  estimates  1  foot  has  been  allowed  for  settlement  and  compression  of  founda- 
.i"u  mattress,  and  ^  has  been  alloweil  for  compression  of  hearting  mattresses. 

Estimates  of  south  Jetty, 


**vtioii. 


r. 

II. 

E. 

K. 

(• 

H 

1. 

K. 
I 
M. 
X. 

i». 
P 


Length 
feet. 


Fouudatiou  mat- 


X 

•i.8 


Stone. 


9 


I     ar2 


•S 

<& 

- 

y 

1,000 

.'19. 400 

$3,861 

1.000 

79.350 

5, 15H 

1,000 

MO.  010 

5.201 

1,080 

76,  230 

4,955 

1.000 

65.265 

4,  242 

1.000 

66.:{U0 

4.310 

1.000 

78,735 

5,  020 

1,000 

104,640 

6.802 

1.000 

116.137 

7.549 

1.000 

126,  tts2 

H,  254 

1.000 

13i>.  000 

8,H75 

1,000 

i:U.  5M0 

M,74H 

1.000 

1J9,  H40 

H,440 

1,000 

129,000 

8,  3H5 

MO 

115.  920 

7. 5;j5 

:J70 

37.750 

2.454 

.a 


42,  520 

128,  265 

131,555 

91, 425 

56,775 

.')4,300 

109,230 

276, 585 

:m,  813 

460,813 

551.000 

546, 170 

492,  380 

483.000 

452,090 

92. 012 


1,  574.  8 
4,  750.  5 
4.  872.  4 
:i,  386. 1 
2. 102.  8 

2,  Oil.  1 
«.  045.  5 

10, 243.  9 
13,  659. 7 
17. 400.  5 
20.  407. 4 
20,  228.  5 
18, 236.  3 
17,  888.  9 
16, 744. 1 

3,  407.  8 


5 


$6,299 
19. 002 
19,490 
13,544 
8,411 
8,044 
16, 182 
40,976 
51.639 
69,  602 
81,630 
40.914 
72,  945 
71,556 
66.976 
13,631 


Hearting  inattre«i8e«. 

u 


.a 


5,  72.'J 

50. 651 

52,  661 

25,  976 

9,858 

8,850 

42,  413 

169, 017 

247,  635 

337,899 

411.  750 

407,  393 

:i59,  025 

:)50, 625 

332,831 

58, 013 


$372 

3, 292 

3.  423 

1,688 

641 

575 

2,757 

10,986 

16,096 

21,  963 

26,764 

26, 481 

23,337 

22, 791 

21, 634 

3,771 


15. 330       1,  535, 139  I      99.  789  I     4. 345,  933   160,  960.  3  ,    643,  841  !     2. 870, 820 


186,  571 


Section. 


Stone  irhen  hearting  mattreajtes 
are  iiHed. 


CoHt  of  material. 


Cost  of  oonatructiou  at 
2  centa  per  cubic  foot. 


A. 

B. 
I' 

d' 

E. 
K. 

1^ 

H 

I., 

I.. 

K 

L 

H 

N. 

o. 

V. 


■ 

Z 

^ 

2 

mm 

iiig 

i 

• 

• 

» 

1^ 

If 

^  5. 

a  c 

c 

>. 

«.>  ^ 

S-M 

tt 

mm  ■^ 

» 

•j 

«*s 

s  «> 

aH 

Z    « 

MM  «• 

■«w 

3 

^a 

JC 

ss 

.a 

p  , 

3 

0 
'•J 

$5,734 

$10, 160 

$9,967  I 

$2,  038 

1 

.18,  705 

l,4.^^5 

$2,077 

94.498  , 

3. 499. 9 

14,000 

24,160 

22,450 

4, 152 

4,490 

96,448  ; 

3.  572.  2 

14.289 

24. 691 

22,  913 

4,  231 

4,582 

74, 108 

2,  744.  7 

10, 979 

18.499 

17.622  , 

3,  .353 

3,526 

.50,  203  ! 

1.859.4 

7.438 

12, 653 

12,  321 

2. 441 

2.  .507 

48,400 

1, 792.  6 

7,170 

12,354 

12,055 

2,412 

2. 471 

80,955 

2,998.3  , 

11,993 

21.202 

19,770 

3,  759 

4,042 

163,907 

6, 070. 6 

24,  282 

47, 778 

42,  070 

7,625 

8,  7.->l 

203,  723 

7, 545. 3 

:tt),181 

62.188 

53,  826  i 

9.699 

11,350 

244, 547 

9, 057. 3 

:t6,  229 

77,856 

66,446 

11.936 

14,189 

276,500  ' 

10,  240.  7 

40.963 

90,505 

76,602 

13.  720 

16,465 

274, 575  ; 

10, 169.  4 

40,  678 

89.662 

75,907 

13,  615 

16,3.31 

25:1. 030 

9.  .371. 5 

:r7.  486 

81,385 

69.263 

12,444 

14,838 

249, 250 

9, 231. 5 

:i6,926 

79.941 

68,102 

12, 240 

14,  578 

230,203  , 

8,526.0 

:)4,104 

74,  511 

63. 273 

11.360 

13, 679 

5:1,337  , 

1.975.4 

7,902 

16.085 

14, 127  1 

2,595 

2,982 

2.432,389     90,088.3 


im,  354  1    743, 630 


646,  714  !        117.  620 


136,758 


1216  REPORT  OF  THE  CHIEF  OF  ENGINEE  5,  U.  S.  ABMT. 

Estimates  of  south  Jetty — Coutiim 


CoHt  of  material  and 
construction. 


Pile  work. 


Trw-    ^  work 
t4>  rear    inner  end    Total  coet  of 
oi  jettj. 


>♦<.>'. 


Section. 


u 

s 

•0m 


A $12,108 

B 2»,:n2 

C ,  28,922 

1> 21,852 

E..  15,094 

F 14,766 

(f 24,961 

H 65,403 

T 71.887 

J 89,792 

K 104  225 

L 103,277 

M B:J,829 

K 92.181 

() 85,871 

P 18,680 

861,250 


2 

s 

S    90 


$12,044 
26,040 
27,405 
21,148 
14,828 
14, 526 
23,812 
50,821 
65,176 
80,635 
93.067 
92,238 
84,101 
82.680 
76,85:^ 
17,109 

783,  472 


■M 

if 

a 

<M 

fe 

s 

« 

•S 

1 

h) 

o 

1,000 

15,305 

1,000 

5,305 

1.000 

5,305 

1.080 

5,730 

1,000 

5,305 

1,000 

6,165 

1,000 

5,545 

1,^000 

5,  475 

1,000 

5,335 

1,000 

5,265 

1,000 

5, 125 

1,000 

5, 125 

1,000 

5, 125 

1,000 

6,125 

880 

4,  .^U 

200 

1,026 

15,160 

79, 772 

• 

1 

7,000 

$.U  135 

be 

si 

5S 


^ 


$17. 
:«. 
34. 
27, 
20, 
19. 
30, 
60, 
77. 
95. 
109, 
108, 
98, 
97, 
90, 
10. 


."i03 
617 
227 
582 
399 
931 
506 
878 
222 
057 
350 
402 
954 
306 
382 
706 


a 

a  X 
?2 


^ 


$17,349 
32, 24:> 
32, 8<h) 

20,  i:i:« 
19.6!)1 

29,  :;57 
.■56.  jm 

70.  Till 
85,1HH) 
9K,  19-J 
97,  :tti.i 
89.  TX 

87.  sort 
8i.:t>;:i 

18.  V.IJ 


941, 022         86:(,  'M 


Summarif  of  cstinuites  for  south  jetty. 

1,535, 139  cubic  fet^t  tbundatiou  mattresses,  at  6^  ceuts $99, 7S4 

160,960.3  cubic  yards  stone,  at  $4  643,841 

5,881,072  cubic  feet  coustructiou,  at  2  cents 117^621 

15.160  linear  feet  pile-work  in  jcttv 79,772 

7,000  linear  feet  pile-work,  at  15.30* :J7,137 

978, 15r> 

Add 20  per  cent,  for  contingeueieH,  superintendence,  &r * 195,  (»:U 

Total  estimated  cost  of  jetty 1,173,7H»» 

If  hearting  mattresses  can  be  used,  the  summary  will  be  as  follows: 

1,535,139  cubic  feet  foundation  mattresses,  at  6|  cents |599. 7'?4 

2,870,320  cubic  feet  hearting  mattresses,  at  6^  cent« 186,  .57 1 

90,088.4  culnc  yards  stone,  at  $4 360,;?r.4 

6,837,848  cubic  feet  construction,  at  2  cents 1.36,757 

15,160  linear  feet  pile-work  in  jetty 79,77ti 

7,000  linear  feet  pile-work  to  reach  jetty,  at  $5.30^ 37. 135 

900,:r7:j 

Add  20  per  cent,  for  contingencies,  superintendence,  &c 180,  ^5 

Total  estimated  cost  of  jetty l,0^^0,44>i 
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Estimates  for  north  jetty. 


«  -  -At  ^  _ 

snouoo. 


Foundation  mat- 
tresses. 


Stone. 


Hearting  mattresses. 


r 


« 

A 
B 
C 
D 
X 
F 
0 
H 


i 


.a 
B 
O 


i,9eo 

300 
530 
1,000 
1,000 
1,000 
1,000 
1,000 
300 


8,000 


1 

u 
r 


<4 

o 


164,880 

28,350 

62,910 

118,050 

124,320 

134,430 

138,060 

135,840 

30,600 


$10, 717 
1,843 
4.080 
7,673 
8^081 
8,738 
8,974 
8,830 
1,089 


937,440 


60,934 


310,867 
54,500 
199,120 
369,325 
433,180 
610, 595 
552,280 
526,160 
74,000 


3,030,027 


i 

o 


11, 513. 6 

2,018.6 

7, 374. 8 

13, 67a  7 

16,043.7 

18, 910. 9 

20, 454. 8 

19,487.4 

2, 740. 7 


112,223.1 


o 
I 

H 


$46,054 
8,074 
20,499 
54,716 
04,175 
76,644 
81,819 
77,950 
10,963 


448,893 


195,846 
34.335 
185,842 
250.797 
306,664 
875,443 
413,036 
889.840 
46,620 


2, 147, 823 


$12,780 

2,233 

8,880 

16,302 

19.927 

24.404 

26,847 

25,807 

3,030 


189,609 


Stone  when  heartina;  mattresses 
axenseo. 


Sectkm. 


I 

.2 

a 
o 


a 
o 


a 
A 
B 
C 
D 
£ 
F 

H 


180,306 
31,610 
108.599 
202,127 
228,804 
260,300 
276,923 
266.600 
42,920 


1, 608, 146 


6, 677. 9 
1, 170. 7 
4,020.7 
7,486.2 
8, 474. 2 
9,640.7 
10,256.4 
9, 874. 1 
1,589.6 


2 

6 
S.'E 

« 

1 


Cost  of  material. 


50, 190.  5 


$26,712 
4.683 
16.083 
29,045 
33,897 
38,563 
41,026 
39,496 
6.358 


$56,771 
9,917 
33,588 
62,388 
72,256 
84,882 
90,793 
86,780 
12.952 


$50,150 
8,758 
29,002 
58,920 
61.905 
71, 705 
76,847 
73,633 
11,877 


Constmction  at 
two  cents  per 
cabic  foot. 


$»,616 

1,657 

5,241 

9,747 

11,150 

12,900 

13,807 

13,240 

2,092 


236, 763       509. 827  '    437, 306 


79,349 


$10,821 

1,886 

6,146 

11, 419 

13,194 

15,403 

16.560 

15,836 

2,403 


Total  cost  of  jetty. 


93.668 


$06^386 

11, 574 
38.829 
72.135 
83,406 
97,282 
104,600 
100,020 
15.044 


$601 080 
10,644 
35,148 
66.889 
76,099 
87,108 
93,407 
89,469 
13.780 


589,176 


530,974 


Swrnnary  of  estimateafor  north  Jetty, 

937,440  eabic  feet  foundation  mattresses,  at  6^  cents |60»934 

llS^a.!  cnbio  yards  stone,  at  (4 448,892 

3,967,467  cubic  feet  construction,  at  2  cents 79,349 

589,175 
Add  20  per  cent,  for  contingencies,  superintendence,  &c 117, 835 

Total  estimated  cost  ofjetty 707,010 

If  hearting  mattresses  can  be  used,  the  summary  will  be  as  follows : 

937,440  cubic  feet  foundation  mattresses,  at  6^  cents 160,934 

2,147,823  cubic  feet  hearting  mattresses,  at  6^  cents 139, 609 

59,190.5  cubic  yards  stone,  at  $4 *. 236,762 

4,683,409  cubic  feet  construction,  at  2  cents 93,668 

8,090  linear  feet  pUe-work,  at  $2.20 17,798 

548,771 
Add  20  per  cent,  for  oontingencies,  superintendence,  Ao 109, 76i 

Total  estimated  cost  of  jetty 658,525 

77  E 
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r£sum]£  of  estucatbs. 

Foandation  mattresses  and  stone  alone  being  used: 

Southietty 11,173,786 

Northjetty 707,010 

1,880,796 
Add  30  per  cent,  for  probable  changes  in  side  slope 564,239 

2,445,035 
Add  plant : 

1  tug-boat 180,000 

•Bbarges,  100by40feet 5,000 

e^barges,  100  by  40  feet 12,000 

4  barges,  80  by  30  feet 2,000 

Platform 1,000 

40, 000 

Total  estimated  cost 2,495,035 

Possible  deductions : 
Pile-work,  soutbjetty 116,907 

Total 2,378,128 

Foundation  mattresses,  hearting  mattresses,  and  stone  being  used : 

South  jetty $1,080,448 

North  jetty 658,525 

For  both  jetties 1,738,973 

Add  for  10  feet  increased  width  of  foundation  mattress,  $2  per  running  foot .  46, 840 

Plant 40.000 

Total  cost 1,825,813 

Possible  deductions: 

Excessive  compression  allowed  in  the  estimate |71,090 

Pile-work,  if  it  proves  unnecessary 134,705 

If  gabions  onhand  be  used 42, 726 

248, 521 

Aggregate 1,577,292 

Estimated  cost  per  running  foot  for  each  foot  depth  of  eouth  jetty. 


mattreasea. 

Hearting 
mattreesei. 

Stone. 

|il 

Depth  in  feet. 

1 
i 

Hi 

'P 

*  «  @ 

1 
1 

• 

t 

t 

H 

1 

61 

67 

63 

69 

76 

81 

96 

108 

110 

120 

128 

136 

18  82 

8  71 
4  10 
4  40 
488 
627 
624 

6  70 

7  16 

7  80 

8  82 
8  78 

0.63 
1.20 
1.77 
2.00 
2.67 
2.99 
4.98 
&91 
6.92 
a  01 
9.12 
10  24 

12  62 

480 

708 

800 

10  28 

1196 

19  92 

28  64 

27  68 

82  04 

86  48 

40  96 

$186 

180 

248 

8  81 

467 

606 

860 

10  66 

12  76 

16  91 

18  81 

21  84 

$7  20 

2 

10  81 

8 

7.8 

19.6 

68.4 

84.3 

116.3 

169.6 

207.2 

275.6 

340.2 

411.8 

'"'io'ii 

1  27 

3  47 

648 

766 

10  87 

18  47 

17  91 

22  11 

26  77 

14  17 

4 

17  07 

5 

28  30 

e 

28  76 

7 

42  22 

8 

61  27 

9 

61  06 

10 

73  60 

11 

86  78 

12 

96  86 

K0TB.~The  height  of  the  structure  is  1  foot  greater  than  is  shown  in  the  first  oolumn,  this  amount 
having  heen  allowed  for  settlement. 
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D. 

ANALYSIS  OF  CURRENT  METER  REPORT  OF  MR.  H.  C.  RIPLEY,  ASSISTANT  ENGINEER. 

Bolivar  Point,  Tex.,  June  30,  1880. 

Captain:  I  have  the  honor  to  sabmit  the  following  analysis  of  a  current  meter 
tofrether  with  some  remarks  concerning  velocities  of  the  current  during  the  ebb  and 
flow  of  the  tide. 

It  mnst  have  occurred  to  every  one  who  has  made  the  subject  of  harbor  improve- 
ments a  study  that,  while  the  subject  of  tides,  as  regards  rise  and  fall  and  duration, 
has  been  exhaustively  investigated  and  discussed,  the  more  important  consideration 
of  velocities  has  been  most  woefully  neglected. 

In  the  consideration  of  the  improvement  of  the  entrance  to  a  tidal  harbor  the  most 
important  factor  is  the  velocities  of  the  tidal  currents.  For  the  purpose  of  determin- 
ing this  element  of  tidal  phenomena,  I  have  devised  a  current  meter,  which  is  at- 
tached to  a  self-registering  tide  gauge,  and  by  this  means  a  continuous  record  of  the 
Telocities,  as  well  as  the  nse  and  fall  of  the  tide,  is  obtained. 

The  meter  consists  of  a  vertical  shaft,  free  to  revolve  horizontally,  extending  from 
near  the  bottom  up  into  the  house  where  is  placed  the  recording  apparatiis.  At  a 
imint  on  the  shaft  midway  between  the  bottom  and  the  surface  of  the  water  at  mean 
low-tide,  an  arm  projects  at  right  angles  to  the  shaft-,  upon  the  outer  end  of  which 
is  s  flat  disk  or  vane  so  placed  as  to  receive  the  pressure  of  the  current  upon  its  face. 
Kear  the  upper  end  of  the  vertical  shaft  are  placed  three  horizontal  circular  disks, 
QpOQ  the  peripheries  of  which  are  grooves,  which  admit  small  cords,  which  pass 
aroaod  them.  To  two  of  the  cords  are  attached  counter  weights  so  af^justed  as  to 
tend  to  keep  the  ann,  with  its  vane,  at  right  angles  to  the  direction  of  the  current. 
To  the  third  cord  is  attached  a  small  weight,  after  it  has  passed  over  a  pulley  near 
the  recording  apparatus,  and  by  means  of  a  pencil  also  attached  to  this  cord,  and 
moving  along  the  roll  of  paper  in  the  recording  apparatus,  the  angular  movement 
of  the  vertical  shaft  is  recorded.  The  record  tnus  made  is  a  curve,  of  which  the 
abBciasas  are  in  time,  and  the  ordinates  are  functions  of  the  angular  movements  of  the 
Tertieal  shaft.  In  fact  they  are  the  development  of  portions  of  the  circular  disk 
around  which  the  cord  which  carries  the  pencil  passes,  and  their  lengths  are  deter- 
mined bv  the  angular  movements  of  the  vertical  snaft.  It  becomes  necessary,  there- 
fore, to  determine  the  relation  of  the  velocity  of  the  current  to  the  lengths  of  the  ordi- 
nates of  the  meter  onrve. 


Let  F=the  force  of  the  current,  and 

I«t  P=the  component  of  pressure  perpendicular  to  the  plane  of  the  vane. 

LetV 

We  have  (see  Trantwine,  page  571) — 

V«:V'«::F:F. 
Bat 

P     .>.^.         P 


and  a'=the  angles  of  deflection  corresponding  to  tne  forces  F  and  F' 
and  V'= velocities  of  the  current  corresponding  to  F  and  F'  or  a  and  a\ 


F= 


cosa 


andF'  = 


cosa 
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Hence 


ir» 


V/2 


•  • 


COS  a    cos  a' 


V,^V'«oo«.' J 

COS  a 

The  Hize  of  the  circular  disk  which  governs  the  movement  of  the  ))eucil  is  such  that 
a  movement  of  the  vane  through  an  arc  of  "M)^  gives  an  ordinate  to  the  meter  curve 
equal  to  1  inch.  If,  therefore,  we  represent  any  ordinate  of  the  carve  by  a,  and  the 
particular  ordinate  corresponding  to  a'  by  a'j  we  shall  have 

0  =  20^  X  a  and  a' =  *20^  X  a'  and  eq.  (1)  i>ecomes 

~"    co8(2(Nxa')       ^^ 

From  a  single  observation,  or  the  mean  of  a  number  of  observationsi  we  can  deter- 
mine the  value  of  V,  and  by  noting  the  corresponding  value  of  a'  we  can  reduce  the 
numerator  of  the  second  number  of  eq.  (2)  to  a  constant  of  simple  form.  In  caiie  of 
the  instrument  now  in  ox>eratiou, 

V"J  cos  (20^  xa')  =  .642, 

Which  reduces  eq.  (2)  to  the  form 

cos  (20°  X  o) ^  ^ 

It  u  a  simple  matter,  therelore,  to  tind  the  value  of  V  from  eq.  (3).  By  finding  the 
value  of  V  for  various  values  of  a,  we  can  construct  a  scale  by  means  of  which  the 
value  of  V  can  be  determined  at  once  bv  taking  the  measure  of  a  from  the  meter  curve 
and  applying  it  to  the  scale.  This  will  give  the  value  of  V  in  feet  per  second  or  miles 
per  hour,  aecordiug  as  V^  was  determined  in  feet  per  second  or  miles  per  hour. 

If  a  =  0  eq.  (3)  becomes 

yg  -^^  .642 (4) 

COS  (P  ^^ 

and  V=  .80125  foot  per  second,  which  shows  that  it  requires  a  velocity  of  .801)26  foot 
per  second  to  equilibrate  the  counter- weight,  and  hence  any  velocity  smaller  than  ft 
of  a  foot  per  second  will  not  be  registered.  In  the  practical  working  of  the  instrnment 
a  slight  stretchinjf  of  the  cord  allows  the  pencil  to  move  slightly  to  one  side  or  the  other 
of  the  slack  tide-line,  and  so  indicates  whether  the  tide  is  running  flood  or  ebb.  One 
advantage  of  this  meter  is  its  absolute  freedom  from  an  element  of  friction,  provided, 
of  course,  that  the  friction  of  the  pai-ts  are  not  far  beyond  the  possibilities  of  easy  con- 
struction. As  have  been  shown  by  the  records  of  this  apparatus,  there  is  a  succession 
of  impulses  in  the  current  sufficient  to  overcome  all  ordinary  or  necessarv  friction. 
The  meter  curve  is  not  a  closely-defined  line,  but  a  heavy  shaded  one,  showing  a  con- 
tinued oscillation  of  the  vane  through  a  small  arc. 

The  friction  then  would  only  tend  to  diminish  this  oscillation,  and  the  center  of 
the  heavy  shaded  line  would  give  the  absolute  velocity  of  the  current,  the  friction  of 
the  ai)paratus  having  been  eliminated.  One  disadvantage  of  the  instrument  is  its 
inability  to  record  a  great  range  of  velocities.  To  measure  a  very  small  velocity  it  is 
necessas^  to  increase  the  proportion  of  the  size  of  the  Vane  to  the  counter-weights. 
But  for  the  purpose  for  which  it  is  here  used  small  velocities  are  unimportant  so  long 
a«  they  are  known  to  be  such. 

Herewith  transmitted  is  a  specimen  of  the  record  for  a  half  nodical  ^>eriod  from  the 
descending  node  April  21,  6  p.  m.,  to  the  ascending  node  May  4, 9.35  a.-  m.  The  record 
for  any  other  similar  period  gives  a  similar  curve,  although  possessin}^  peculiarities  of 
its  own.  The  curve  here  presented  is  a  characteristic  one,  and  furnishes  information 
about  the  tides  which  it  would  not  be  easy  to  obtain  by  other  means.  In  discussing 
this  curve,  however,  it  should  be  remembered  that  the  location  of  the  meter  is  not  the 
most  favorable  one  for  obtaining  high  velocities,  and  it  is  |K)ssible  that  if  placed  upon 
the  bar  or  in  Bolivar  Channel  tLe  curve  would  show  characteristics  not  shown  in  the 
present  location  of  the  meter.  It«  present  location  is  in  the  bay  at  one  side  of  the 
wharf,  in  about  6  feet  of  water  and  about  200  feet  from  the  shore.  The  current  to 
reach  the  meter  has  to  pass  over  a  shoal  with  but  3  to  4  feet  depth  of  water  and  through 
the  piling  of  the  wharf. 

After  making  all  due  allowance,  however,  for  the  defective  location  of  the  meter,  yet 
we  have  an  interesting  and  instructive  record.  It  will  be  seen  that  for  about  one-fifth 
of  the  time  (near  the  node)  thei^  is  no  current  exceeding  eight-tenths  of  a  foot  per 
second ;  but  that  midway  between  the  nodes  the  currents  are  much  stronger,  l^wre 
particularly,  however,  will  be  noticed  the  short  duration  and  strength  of  the  ebb  cur- 
rent* compared  to  long  duration  and  weakness  of  the  fiood  currents.     It  will  further 


DUGRAM    OF  WIND  AT  GALYBSTON  HARBOR, 

TEXAS* 


Aa  faJl  lipe  thowQ  the  qoantiiy  of  wind,  and  ihe  dotted  line  allows 
Ilia  correapoadiiig  time.  Tha  scale  for  the  wind  is  in  miles  and  for  the 
tiaae  is  in  hoars ;  the  circamference  of  the  small  circle  at  the  center  of 
the  compass  rose  beinj^  the  zero  of  the  scale. 


JANUARY,  x88o. 

Distance  traveled  &om  all  directions 9, 832  m. 

Total  hours 738 

Mean  Telocity  per  hour 13.3  m. 

Becord  of  6  hours  lost. 


DIAGBAM  OF  WIND  AT  GALYBSTON  HARBOR, 

TEXAS. 


fidl  line  Bhaws  the  qoAiitity  of  wind,  and  the  dotted  line  showt 
eorresponding  time.  The  acale  for  the  wind  is  in  miles  and  for  the 
is  in  hours ;  the  eironmference  of  the  small  otrcle  at  the  center  of 
compass  rose  being  the  zero  of  the  scale. 


FEBRUART,  1880. 

Distance  trareled  from  aU  directions 0, 664  m. 

Total  hoars 092 

Telodly  per  hour *  13.96  m. 

Record  of  4  hours  lost 


DIAGRAM  OF  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  tall  line  shows  the  quantity  of  wind,  and  the  dotted  line  etaows 
conetponding  time.    The  eeale  for  the  wind  is  in  miles  and  for  the 
is  in  honrs;  the  ciicamference  of  the  small  ciicle  at  the  oei^ter  of 
tiia  compass  rose  being  the  zero  of  the  scale. 


lZBi^.ht. 


MARCH,  1880. 

Distance  traveled  fh»m  all  directions 12, 487  m. 

Totalhonrs 743 

Telocity  per  honr 16.8  m. 

Becord  of  1  honr  lost 


^ 


DIAGRAM    OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  fiill  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
tike  corresponding  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  in  hours;  the  circnmferenoe  of  the  small  circle  at  the  center  of 
the  compass  rose  beia^^  the  zero  of  the  scale. 


APRIL,  z88o. 

IHstanoe  traveled  from  all  directions 13, 814  m. 

Total  hours 720 

Mean  yelodty  per  hour 19. 18  m« 


DIAGRAM    OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  fall  line  shows  the  qoantily  of  wind,  and  the  dotted  line  shows 
ooirespondtug  time.    The  scale  for  the  wind  is  in  miles  and  for  the 
is  in  honrs;  the  circnmference  of  the  small  circle  at  the  center  of 
compass  rose  being  the  zero  of  the  scale. 


H4S3.?n.. 


MAY,  z8So. 

DisMnoe  tvaveled  fton  aH  diieetioBS 11/145  m. 

TotaUionrs 732 

wlodfy  per  hoar ;...  15.22  ul 

Beoord  of  12  hours  lost. 


DIAGRAM  OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


Tbe  fall  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
Uie  eorresponding  time.  Tlie  scale  for  the  wind  is  in  miles  and  for  the 
tiine  is  in  hours;  the  circumference  of  the  small  circle  at  the  center  of 
the  comi»as8  rose  being  the  zero  of  the  scale. 


N 
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JUNE,  X879. 


Distance  traveled  from  all  directions 10, 280  m. 

Totolbours    095 

Mean  velocity  i>er  lionr 14.8  m. 

Beoord  of  25  honre'lost. 


DIAGRAM  OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  fall  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
the  oorrospondiug  time.  The  scale  for  the  wind  is  in  miles  and  ibr  the 
time  is  in  hours;  the  circumference  of  the  small  circle  at  the  center  of 
the  compass  ix>se  being  the  zero  of  the  scale. 


xe96  m. 

JULY,  1879. 

Distance  traveled  from  all  directions 11,471  m. 

l>>tal  hours r 724 

Mean  velocity  i)er  hour \  W.  15.84  m. 

lieooid  of  20.  hours  lost 


DIAGRAM  OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


ThB  taH  line  shows  the  quantity  of  wind,  and  the  dotted  lin^  shows 
tiie  corresponding  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  in  hours ;  the  circnmferenee  of  the  small  circle  at  the  center  of 
the  oompass  rose  being  the  zero  of  the  scale. 
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AUGUST,  1879. 

traveled  from  all  directions 10,388  m. 

Total  hours 741 

Mean  velocity  per  hour 14.02  m. 

Record  of  3  hours  lost. 


DIAGRAM  OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  Ml  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
tiie  oorrespondlng  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  18  in  hours ;  the  circnmference  of  the  small  oircle  at  the  center  of 
the  eompass  rose  being  the  zero  of  the  scale. 


::'.'- rosx- 


'HOK 


SEPTEMBER,  1879. 

Distance  trareled  from  all  directions 8, 683  111. 

Total  honrs 720 

Mean  velocity  per  honr 12.17  m. 


DIAGRAM    OF  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  fall  line  shows  the  quantity  of  wind,  and  the  dotted  line  showB 
the  corresponding  time.  The  scale  for  the  wind  is  in  miles  and  fbr  the 
time  is  in  honrs;  the  circumference  of  the  small  circle  at  the  center  of 
the  compass  it>se  being  the  zero  of  tlie  scale. 


,i4rj  *► 


OCTOBER,  1879. 

Distance  traveled  from  all  directions 9, 738  m. 

Total  hours 714 

Kean  velocity  per  hour 13.63  m. 

Becord  of  30  hours  lost 


DIAGRAM  OF  WIND  AT  GALVESTON  HABBOR, 

TEXAS. 


The  fill  line  aliowe  the  quantity  of  wind,  and  the  dotted  line  shows 
ttie  corresponding  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  in  honrs ;  the  cironmfSBrence  of  the  small  oiicle  at  the  center  of 
the  compass  rose  heing  the  zero  of  the  scale. 


NOVBMBER,  1879. 

rHstanoe  traveled  from  all  directions 9, 903  m. 

T6talhonrs 690 

velocity  jier^honr  14,36  m. 

Becord  of  30  honrs  lost 


DIA6R1M    OF  WIND  AT  GALVESTON  HARBOR, 

TRXAS. 


The  fbll  line  shows  the  quantity  of  wind,  and  the  dotted  line  shovs 
the  corresponding  time.  The  scale  for  the  wind  is  in  mUes  and  for  the 
time  is  in  honrs ;  the  circnmference  of  the  sinall  circle  at  the  center  of 
the  compass  rose  bein^  the  zero  of  the  scale. 


DECEMBER,  1879. 

Distaooe  tnveled  from  all  directions 9,056m. 

Total  hours 637 

Mean  Telocity  per  hour 14.2  m. 

Becord  of  107  hours  lost. 


DIA6R1M    OF  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


teXL  line  showa  the  quuittly  of  wind,  and  the  dotted  line  shows 
correspoQding  time.  The  soale  for  the  wind  is  in  miles  and  f6r  the 
time  is  in  hoars;  the  oiroamferenoe  of  the  small  eirole  at  the  oenter  of 
the  compass  rose  heinf^  the  zero  of  the  scale. 


:::'6oi  A 


2X9*  y** 


WHOLE  YEAR. 


'•   .„:  assh. 


INslaiioe  Imvded  from  an  directions 126y470m. 

IVytalhonrs 8,546 

▼elocitgr  per  hour 14.79  m. 

Beoord  of  238  hours  lost 


DIAGRAM  OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  QTdmates  show  the  qnaiititj  of  wind  in  miles,  and  the  abscissas 
ahaw  the  time  in  months. 
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voWrvedthat  the  ebb  cuireiit  attains  its  maximum  velocity  when  the  tide  has 
fracliHl  a  stage  about  half  way  between  high  tide  and  low  tide,  and  that  the  current 
i»ntinue»  strong  until  low  tide  is  reached,  and  that  it  still  continues  running  ebb  for 
-;hort  time  (with  less  strength)  aft^^r  the  tide  has  commenced  to  rise.  Witli  regard 
u>  the  flood  tide,  it  will  be  seen  that  the  duration  of  high  velocities  is  very  short,  while 
i  moderate  velocity  contiuues  many  hours.  A  very  interesting  peculiarity  of  the  tidal 
I  iinvut  is  here  trell  illustrated,  and  that  is  the  sudden  changes  in  velocity  which  occur 
^iH-atedly.  These  pulsations  are  not  confined  to  either  stage  of  tide,  but  are  more 
unmerons  during  flood  than  during  ebb  tide. 

This  same  peculiarity  hsm  been  noticed  at  ^an  Francisco  Harbor  by  Lieutenant 
Pa>  ^n.  (See  Report  of  Chief  of  Engineers  for  1878,  Part  II,  page  1317. )  A  curious  and 
>i»mcwhat  exceptional  behavior  of  the  tide  is  exhibited  by  the  curve  for  the  29th  of 
April,  at  about  10  a.  m.  The  tide  was  rising  rapidly  when  suddenly  a  strong  ebb  cur- 
Tt'Li  was  set  up,  *vhich  histed  for  about  an  hour  without  any  apparent  cessation  in  the 
riMDjc  of  the  tide. 

Very  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 
,  Aaaistant  En/fineer. 

I  apt.  C.  E.  Li.  B.  Davis, 

CorpH  of  Kngineer^y  U.  S.  A. 


E. 

OIUJRAMS    OF    WIND    AT    GAI.VESTOX    HARBOR,    TEXAS,    FROM    JUNE,    1879,    TO    MAY, 

1880,   INCLUSIVE. 

T1m»  full  line  shows  the  quantity  of  wind  and  the  dotted  line  shows  the  correspond - 
injrtime.  The  scale  for  the  wind  is  in  miles  and  for  the  time  is  in  hours — the  circum- 
f'-n-nce  of  the  small  circle  at  the  center  of  the  compass  rose  being  the  zero  of  the  scale. 

V\wn  the  rectangular  diagram  the  ordiuates  show  the  quantity  of  wind  in  miles, 
itid  t)ie  aliscissas  snow  the  time  in  months. 


report  of  the  board  of  engineers. 

Armt  Building, 

Netv  York^  June  7,  1880. 

General  :  By  department  letter  of  March  30, 1880,  there  were  trans- 
mitted to  the  Board  constituted  by  Special  Orders  63,  Headquarters 
Coq)8  of  Engineers,  series  of  1879,  for  its  consideration  in  connection 
^itb  the  recommendations  made  in  its  report  of  August  9, 1879,  upon 
Oalveston  Harbor  piers.  Major  Mansfield's  letter  of  March  25,  1880, 
and  that  of  his  assistant,  Mr.  Ripley,  of  March  22,  setting  forth  and 
recommending  a  method  for  disposing  of  all  cement  gabions  now  on 
hand.  This  reference  virtually  opens  the  whole  question  of  the  improve- 
ment of  the  entrance  to  Galveston  Harbor,  and  involves  an  analysis  of 
ibe  methods  hitherto  used  in  constructing  the  piers,  as  well  as  determi- 
nate recommendations  as  to  processes  J^visable  for  their  future  con- 
J^truetion. 

The  project  for  improving  the  entrance  to  Galveston  Harbor,  Texas, 
a**  devised  by  Major  Howell  in  1873,  had  for  its  object  the  removal  of 
the  imier  bar  between  Fort  Point  and  Pelican  Spit,  and  deepening  the 
'>uter  or  Gulf  bar  from  12  to  18  feet,  possibly. 

The  first  he  proposed  to  effect  by  continuing  the  city  dike  to  the  north- 
^'M  to  the  verge  of  the  Bolivar  or  Cylinder  Channel,  thus  causing  a 
J^ntraction  of  the  water-way  over  the  inner  bar,  sufficient  to  remove  it 
'•y  the  scouring  process.  The  second,  bj'  prolonging  this  dike  directed 
^wani  to  the  outer  slope  of  the  Gulf  bar,  and  by  constructing  a  simi- 
^^  and  parallel  dike  from  Bolivar  Point  seaward. 

Ah  there  were  at  that  time  no  stone  quarries  opened  or  known  in 
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Texas,  accessible  by  railroad  or  by  navigable  water  roates,  and  as  trans- 
portation from  the  north  was  very  costly,  Major  Howell  devised  and  pro- 
posed the  use  of  a  gabion,  covered  on  the  inside  and  outside  with  hy- 
draulic cement,  to  be  fillea  with  sand,  to  take  the  place  of  stone  in  the 
construction  of  the  projected  piers.  He  thus  describes  his  system  in 
his  report  of  December,  1873 : 

The  jetties  are  to  be  made  of  cemeut-covered  gabions.  The  gabions  are  to  bo  6 
feet  in  diameter  and  6  feet  high,  two  rows  in  each  jetty ;  all  to  be  fastened  together 
by  copper  wire  at  the  tops,  and  filled  with  sand  by  a  dredge-boat  alongside  as  they 
are  placed  in  position.  They  may  be  called  submerged  jetties,  since  they  vfiU  not,  ex- 
cept on  a  short  portion  of  their  lines,  be  built  up  to  the  plane  of  mean  low  tide,  while 
for  the  greater  part  their  tops  will  be  5  or  6  feet  below  that  plane. 

The  present  area  of  discharge  over  the  bar  is  411,184.25  square  feet.  The  contracted 
area  will  be  274,112  square  feet,  the  former  measured  along  the  crest  of  the  bar,  aud 
the  latter  along  the  jetties  and  that  portion  of  the  crest  between  them. 

The  jetties  are  expected  to  act  as  training- walls  for  the  lower  ebb  current,  while 
the  upper  will  pass  over  them.  They  are  calculated  to  give  a  depth  on  the  outer  bar 
of  between  18  and  19  feet,  and  at  the  same  time  only  confine  and  direct  so  much  of  the 
ebb  and  flood  currents  as  may  be  useful,  thus  preventing  as  great  advance  of  the  bar 
gulf  ward  as  might  be  expected,  were  the  jetties  built  up  to  the  plane  of  mean  low- 
tide  ;  further,  making  them  less  exposed  to  the  destructive  action  of  storms,  giving 
them  less  weight  to  sink  them  into  the  unstable  material  ofiered  for  a  foundation,  and 
making  them  less  expensive. 

It  is  thought  these  jetties  will  serve  to  catch  the  drifting  sand  brought  by  the  littoral 
currents  until  they  are  covered  by  it,  and  that  afterwards  the  saud  will  be  carried, 
over  them  rather  than  around  their  ends. 

This  project  referred  in  January,  1874,  by  the  Chief  of  Engineers  for 
consideration  and  report  to  a  special  Board  (S.  0. 9, 1874)  was  approved 
as  to  the  general  plan,  though  doubts  were  expressed  as  to  the  suecesb- 
ful  use  of  the  cemented  gabion — the  specialty  of  the  project.  (See  reijort 
dated  January  31,  1874.)  In  fact,  it  was  not  thought  that  the  gabiou 
would  be  a  siK^cess  unless  covered  by  drift  saud,  as  anticipated  by  Major 
Howell.  As,  however,  economy  of  construction,  the  apparent  merit  of 
the  proposed  plan,  depended  upon  the  use  of  the  gabion,  its  trial  wa^ 
recommended,  first,  in  the  Fort  Point  Jetty,  commencing  at  its  junc- 
tion with  the  city  dike,  afterwards  on  the  shore  end  of  the  Bolivar  »jetty, 
aud  finally  in  the  construction  of  300  to  500  feet  of  its  outer  end  on  the 
most  exposed  portion  of  the  Gulf  Bar. 

The  first  trial  of  the  cemented  gabions  was  made  in  November,  1874, 
nineteen  of  which  were  set  in  prolongation  of  the  city  dike.  These  were 
exposed  to  a  severe  storm  during  the  4th,  5th,  and  Cth  days  of  Decern^ 
ber,  without  being  displaced  or  injured.  In  fact,  they  were  nearly  burietl 
by  drift  sand.  The  engineer  in  charge  of  the  construction  looked  upou 
this  test  as  establishing  the  gabion  structure  as  a  success,  aud  in  couse-i 
queuce  the  subject  was  referred  back  to  the  Galveston  Harbor  Boanl 
for  their  opinion  thereon.  That  Board,  however,  did  not  regard  the  te^st 
sufficient,  and  therefore  reiterated  their  opinion  that  the  full  trials  rec-; 
ommeuded  in  their  report  of  January,  1874,  should  be  carried  out. 

From  December,  1874,  until  the  14th  of  September,  1875,  work  on  thts 
Fort  Point  jetty  was  continued  under  the  direct  and  active  supervision! 
of  Lieutenant  Quinn,  during  which  time  530  gabions  were  placed,  and 
about  1,200  feet  length  of  breakwater  constructed.  It  was  found  neces-; 
sary  to  place  the  gabions  in  two  rows,  connected  by  cross- walls  and  sup- 
ported on  the  channel  side  by  frequent  short  spur-dikes. 

Thus  placed,  drift  sand  was  collecteil  and  undermining  prevented ;  but 
the  system  consumed  nearly  as  many  gabions  as  four  rows  side  by  sido 
would  have  done. 

It  was,  however,  a  difficult  position  in  many  respects,  and  especially 
on  account  of  the  rapid  rush  of  the  current  along  the  inner  face  of  the 
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breakwater;  and  to  these  adverse  conditions  the  large  number  of  gabions 
used  and  greater  cost  of  structure  were  due — conditions  against  which 
it  would  have  been  necessary  to  provide  had  any  other  kind  of  break- 
water been  attempted  in  that  position. 

The  almost  unprecedented  gale  of  the  14th,  15th,  and  16th  of  Septem- 
ber, 1875,  destroyed  nearly  all  the  plant  and  material  on  hand,  causing 
a  loss  estimated  at  $50,000.  Some  marked  changes  in  shore  lines  and 
channels  were  produced  by  the  storm,  a  large  portion  of  the  city  dike 
destroyed,  and  all  more  or  less  damaged. 

In  December  following  the  project  of  the  Galveston  improvement  was 
referred  ba<3k  to  the  Board  for  reconsideration,  and  for  modification 
should  it  be  deemed  necessary,  in  view  of  the  damages  and  changes 
produced  by  the  gale.  It  appeared^  however,  from  examination  that  the 
gabiounade  thus  far  built  had  been  entirely  covered  with  drift  sand  and 
had  thus  escaped  injury,  and  that  no  changes  had  occurred  in  channels, 
shore  lines,  &c.,  of  sutticient  imjmrtance  to  necessitate  any  change  in  the 
project  or  methods  of  construction.  The  Board  therefore  advised  no 
modification  of  plan,  but  reiterated  their  former  recommendation  in  ref- 
erence thereto.  Though  the  test  of  the  gabion  had  been  satisfactory  so 
far  as  applied,  th^y  were  careful  to  say  that  it  "  should  not  be  adopted 
definitively  for  the  main  works  ^  until  subjected  to  all  the  tests  prescribed 
in  their  previous  report*,  adding  their  opinion  that — 

The  use  of  these  gabions  iu  exposed  situations  can  be  attended  with  success  only  in 
ca*»  they  shall  be  soon  covered  by  the  drifting  sands,  so  as  to  protect  them  from  in- 
inr}*  from  the  continued  action  of  waves,  from  the  shock  of  floating  bodies,  and  from 
all  other  causes  which  might  tend  to  disrupt  them  and  allow  their  sand  iiUing  to  ee- 
cajH'.  When  so  protected  they  will  form  a  nucleus  for  the  sand  ridges  as  stable  and  as 
jK-nuanent  as  if  of  stone  or  concrete.  But  if  not  so  protected,  these  gabion  structures 
wiinM»  constantly  liable  to  injury  and  in  time  to  deciy,  when,  losing  their  sand  tilling, 
the  structure  would  soon  be  washed  away.  That  the  proposed  jetties  will  be  so 
(overetl  seems  probable,  but  can  be  determine*!  only  by  trial  such  as  we  have  recom- 
pcnded. 

In  the  spring  of  1876,  the  plant  destroyed  by  the  storm  of  September, 
1875,  was  replaced  and  a  new  depot  on  Bolivar  Point  established,  where 
large  quantities  of  material  were  collected  and  prepjired  for  resuming  the 
the  construction  of  the  jetties. 

The  expenditures  for  the  above  purposes  consumed  the  balance  of  the 
second  appropriation  and  caused  cessation  of  work  early  in  July.  With 
tlie  third  appropriation,  which  did  not  become  fully  available  until  Feb- 
ruary 2  J,  1877,  the  city  dike,  destroyed  by  the  gale  of  1875,  was  restored 
ami  1,000  feet  length  of  the  Fort  Point  gabionnade  constructed.  This 
south  dike  was  thus  prolonged  to  the  verge  of  Bolivar  Channel  as  far 
north  as  it  was  intended  to  reach.  As  was  anticipated,  iti§  construction 
contracted  the  water-way  between  Fort  Point  and  Pelican  Spit  Shoals, 
and  thas  caused  the  scouring  away  of  the  inner  bar  to  a  depth  of  20  feet 
at  mean  low-tide. 

Simultaneously  with  resumption  of  work  on  the  south  pier  the  Bolivar 
Point  jetty  was  commenced  at  its  inshore  end,  and  for  a  length  of  513 
teet  was  formed  with  a  double  row  of  piling.  This  piling,  however,  in 
Hpite  of  all  efforts  made  to  save  it  by  ballast  thrown  iu  along  its  base, 
was  undermined  and  washed  away  by  the  gale  of  the  following  Septem- 
ber, 1877. 

The  gabionnade,  which  had  also  been  commenced  in  prolongation  of 
the  pile  structure,  withstood  the  storm.  Gabions  12  feet  long,  6  fe^t  wide 
6  feet  deep,  with  semi-circular  ends,  were  placed  lengthwise  in  a  single 
row  at  ftrst  upon  the  sand  bottom,  afterwards  upon  reed  mats  about  3 
inches  thick,  giving  an  apron  6  feet  wider  on  either  side  than  the  ga 
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bionnade.    This  apron  was  ballasted  by  concrete  blocks.    The  jetty  as 
.thus  formed  up  to  June  1, 1879,  had  been  extended  seaward  to  a  dis- 
tance of  abont  7,000  feet,  and  included  the  placing  in  position  of  637 
gabions. 

That  the  system  of  construction  adopted  for  the  Galveston  jetties  and 
carried  out  up  to  that  date  had  not  proved  satisfactory  in  its  applica- 
tion to  the  Bolivar  pier  was  evidenced  by  the  recommittal  of  the  sub- 
ject for  consideration  and  report  June  3, 1879,  Special  Orders  63,  Head- 
quarters Corps  of  Engineers,  to  the  same  Board  of  officers  (excepting 
only  one  member)  as  that  originally  onlered  thereon.  Three  and  a  half 
years  had  elapsed  since  their  last  meeting,  during  which  period  the  prog- 
ress already  detailed  was  made  on  the  piers.  From  Major  Howell,  the 
member  who  had  been  in  general  charge  of  the  work  from  its  inception, 
it  was  ascertained  that  the  gabions,  wherever  placed  directly  on  the 
sand  without  intervention  of  mattresses,  had  alrea<ly  sunk  from  one-half 
to  two-thirds  of  their  height,  below  the  bottom  level ;  that  they  had 
not  caused  any  permanent  collection  of  drift  sand  on  the  north  side  as 
had  been  anticipated;  but  that,  for  the  portion  of  the  length  laid  which 
crossed  the  swash  channel,  the  process  had  been  one  of  undermiuing 
on  the  south  side,  the  water  ha\ing  deepened  from  9  to  12  feet.  This  under- 
mining process  let  the  gabions  down  so  that  they  projected  but  a  little 
above  the  sand  bottom.  It  also  appeared  that  of  the  637  gabions  placed, 
about  one-sixth  part  had  been  broken  up,  leaving  large  gaps  in  the  pier. 
Major  Howell  attributed  their  destruction  in  part  to  the  fact  that  many 
of  them  had  been  kept  on  hand  between  one  and  two  years  before  they 
were  put  into  the  water,  and  that,  in  consequence,  the  wood  of  which  they 
were  made  being  partially  decayed  had  lost  its  strength ;  and  farther, 
that  many  of  the  gab'ons  thus  destroyed  were  not  entirely  filled  with 
sand,  and  did  not,  therefore,  attain  their  full  weight  and  st'ability. 

The  Board  fiilly  comprehended  the  difficulties  of  the  position  and  the 
unfavorable  circumstances  attending  the  constraction,  and  the  magni- 
tude of  the  enterprise — the  building  of  7  miles  of  piers  into  the  Gulf  of 
Mexico,  in  waters  varying  from  5  to  18  fejBt  depth,  mostly  covered  by 
breakers  with  every  high  wind  from  northeast  around  to  southwest.  It 
seemed  to  them  that  any  methods  of  construction  departing,  with  a 
view  to  economy^  from  the  hitherto  established  modes  would  have  been 
attended  with  delays,  reverses,  and  losses.  Yet  the  fact  remained  that 
one-sixth  part  of  the  pier  had  been  destroyed,  and  though  defects  in 
construction  might  in  part  account  for  the  magnitude  of  the  loss,  the 
Board  saw  in  it  the  confirmation  of  their  original  opinion  that  the 
gabion  would  not  prove  strong  enough  to  endure  the  continuous  shock 
of  waves  and  breakers,  and  that  it  would  eventually  be  disrupted,  lose 
its  sand  filling,  and  be  scattered  unless  covered  by  sand  drift.  As  no 
member  of  the  Board,  however,  had  seen  the  work  in  progress,  as  they 
were  not  satisfied  that  the  gabion  had  been  tried  in  the  best  manner  on 
the  Bolivar  pier,  they  concluded  not  to  condemn  the  system  irrevocably 
without  personal  examination  and  without  being  sure  that,  profiting  by 
the  experience  gained,  the  causes  of  the  partial  failure  which  bad  oc- 
curred on  the  Bolivar  pier  might  not  be  met  and  remedied.  As  a  large 
number  of  gabions  were  on  hand  it  was  thought  advisable  to  strengthen 
them  by  additional  braces,  and  to  try  a  variety  of  methods  of  placing 
them  before  pronouncing  finally  upon  their  success  or  failure.  It  did 
not  seem  impossible  that  they  might  be  so  arranged  as  to  cause  the  coL 
lection  of  drift-sand  and  thus  protect  themselves. 

The  Board,  therefore,  in  conclusion,  advised  that  Major  Howell  con- 
struct no  more  gabions,  but  strengthen  those  on  hand  and  place  them 
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in  the  pier  accordiDg  to  the  different  methods  suggested,  cansiug  close 
observations  to  be  made  with  a  view  to  determine  the  cause  of  the  fail- 
ore  of  those  that  might  be  destroyed  and  to  gather  such  other  experi- 
ence as  would  enable  them  to  judge  of  the  system  after  the  trial.  They 
also  suggested  the  trial  of  the  Dutch  system  of  jetty  construction,  of 
alternate  layers  of  brush  mattresses  and  stone,  provided  stone  could  be 
obtained  from  the  Trinity  or  San  Jacinto  rivers  above,  or  from  any 
other  source  more  cheaply  than  concrete  could  be  made.  If  not,  that 
ooDcrete  in  blocks  or  in  bags  should  pe  used. 

The  Board  were  desirous  to  ascertain  the  cost  of  this  method  as  com- 
I)ared  with  others,  also  if  the  small  stone  or  concrete  blocks  would  so 
far  maintain  their  position  in  the  jetty  under  the  shocks  of  the  frequent 
storms  of  this  coast,  as  to  make  the  construction  a  success.  (See  Ee- 
port  of  August  9,  1879.) 

From  information  derived  simce  the  date  of  onr  last  report  through 
General  Gillmore,  who  visited  Galveston,  in  December,  1879,  and  from 
various  reports  made  by  the  assistants  on  the  work,  it  appears  that 
from  June  1  to  December,  1879,  289  gabions  were  placed  in  the  Bolivar 
pier,  but  that  they  were  in  no  manner  strengthened  before  being  used. 
Ten  of  these  gabions  were  set  ci*osswise,  twenty  in  two  rows,  side  by 
side,  twenty-eight  in  a  detached  row  slightly  oblique  to  the  main  line 
with  which  it  was  connected  by  a  spur  of  ten  gabions,  and  that  of  the 
whole  number  laid,  sixteen  had  been  destroyed. 

Captain  Davis'S  reports  showed  that  from  its  commencement,  April 
14, 1877,  to  January  1, 1880,  the  Bolivar  pier  had  been  extended  sea- 
ward from  the  beach  10,220  feet,  513  of  which  in  shore  had  been  a  pile 
construction,  and  9,707  feet  a  gabionnade.  The  latter  was  formed  of  922 
gabions  placed,  with  the  few  exceptions  above  enumerated,  lengthwise 
in  a  single  ixxw.  About  one-third  of  these  gabions  were  placed  directly 
upon  the  sand  bottom,  the  other  two-thirds  upon  thin  mats,  as  already 
described. 

Of  these  gabions,  98  have  wholly  disappeared,  17  have  broken  away 
from  bottoms,  3  have  lost  their  tops  and  part  of  their  sides,  7  have  lost 
their  tops^  4  tops  loosened  when  last  examined. 

Seventy-five  of  the  above  have  been  replaced.  Examinations^  made 
from  time  to  time  to  determine  the  positions  of  the  gabions  showed  some 
lateral  displacement,  and  incidentally  a  large  amount  of  settling.  It 
does  not  appear  that  the  supple  mats  upon  which  the  greater  i>ortion  of 
the  gabions  rested  prevented  in  any  wise  their  sinking  into  the  sand,  as 
those  set  in  place  in  the  summer  of  1879,  by  reports  rendered  soon  after, 
had  settled  very  rapidly  and  seemingly  to  their  full  depth  below  the 
bottom.  It  is  apparent  that  the  mats  were  neither  wide  enough  nor 
solid  enough  to  be  of  any  avail.  The  accompanying  sketches  1  and  2 
show  the  lateral  and  vertical  disturbances  of  the  gabions  in  the  Bolivar 
pier  so  far  as  examinations  have  determined.  Captain  Davis's  letter  of 
March  7, 1880  (Appendix  A)  gives  some  interesting  data  connected  with 
the  construction  of  the  gabionnade,  the  examinations  made  thereof  from 
time  to  time,  the  extent  of  the  injuries  it  received,  its  subsidence  and  its 
probable  condition.  It  also  furnishes  an  account  of  the  trial  of  mat- 
tresses sunk  last  winter  in  or  near  the  inshore  part  of  the  Bolivar  pier. 

Though  but  16  of  the  242  gabions  placed  in  the  extension  of  the  Bol- 
ivar pier  between  June  30  and  December  1, 1879,  had  been  damaged  or 
destroyed  at  the  date  of  their  last  examination,  yet  10  of  the  last  38  laid 
in  October  and  November  had  disappeared.  These  latter  were  placed 
in  a  greater  depth  of  water  and  were  exposed  to  greater  wave  action 
than  those  nearer  the  shore  and  to  storms  before  much  subsidence  had 
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occurred.  It  appears  from  the  testimony  of  Captain  Davis  that  all  of 
the  above  gabions,  after  the  lapse  of  two  or  three  months,  had  settled 
down  below  the  original  bottom  level  nearly  to  their  own  height  (6  feet), 
and  were  subjected  thereby  to  some  lateral  displacement  and  were  much 
inclined  lengthwise  and  sidewise.  It  is  probable  that  in  this  process  of 
settling  those  that  had  disappeared  were  strained  and  broken,  while 
those  remaining,  having  attained  their  final  subsidence,  were  partially 
buried,  and,  thus  protected  from  wave  action,  become  immovable.  It 
-certainly  does  appear  that  if  we  exclude  the  great  lo?«s  of  July  and  Au- 
gust, 1878,  and  of  those  of  October  and  November,  1879,  the  percentage 
of  gabions  destroyed  has  been  very  small.  We  cannot,  however,  infer 
from  the  foregoing  that  the  gabion  as  constructed — a  shell  of  wicker- 
work  cemented  on  the  inside  and  out,  with  a  tot«;l  thickness  of  about 
6  inches  and  filled  with  sand — ^is  strong  enough  to  endure  peri>ctual  ex- 
posure to  wave  action  in  this  localit>^,  unless  it  acquires  stability  and 
protection  either  by  sitiking  down  partially  into  the  sand  or  bj^  being 
partly  covered  by  sand  drift.  It  has  failed,  however,  as  applied  in 
the  Bolivar  jettj^,  to  gather  sand-drift  and  to  constitute  a  pier.  In  fact, 
the  gabionnade  has  essentially  gone  down  below  the  original  bottom. 
The  matting  used  proved  an  insufficient  base  for  the  gabions  and  they 
have  disappeared  as  loose  stone  would  have  done  had  they  been  used  in 
their  stead.  It  is  doubtful  if  their  projection  above  the  bottom  is  suf- 
ficient to  give  any  sensible  contraction  of  watesr-way.  What  might  have 
been  the  result  had  the  gabions  been  placed  upon  an  unyielding  plat 
fonn  wide  enough  to  have  prevented  the  process  of  undermining,  tbei'e 
are  no  facts  to  determine.  Had  they  been  placed,  as  at  Fort  Point,  in 
two  rows,  with  cross-walls  and  lateral  spui*s,  they  might  possibly  have 
gathered  sand  and  thus  formed  a  pier;  but  the  structure  would  have 
lost  the  special  merit  claimed  for  it — simplicity  and  economy. 

The  effect  of  the  works  at  Galveston  has  been  to  remove  the  inner 
and  to  narrow  the  outer  bar,  measured  between  the  18-foot  bottom 
curves  about  2,000  feet.  This  last  result  may  have  been  entirely  pro- 
duced by  the  repairs  of  the  city  dike  and  its  prolongation  as  a  gabion- 
nade nearly  half  a  mile  in  a  northeast  direction.  The  contraction  of  the 
outlet  resulting  therefrom  would  concentrate  the  outflowing  water,  in- 
crease its  velocity  and  its  living  force,  and  hold  it  together  against  dis 
persive  forces  to  a  greater  distance  from  the  shore  line,  and  thus  effect* 
some  scouring  on  the  inner  slope  of  the  bar.  If  the  Bolivar  pier  had 
any  effect  in  narrowing  the  outer  bar,  such  result  must  have  been  very 
small,  as  its  progressive  sections  by  rapid  subsidence  soon  ceased  to  be 
any  obstacle  to  prevent  the  dispersion  of  the  outflowing  current  in  that 
direction.  The  results  produced,  however,  are  quite  sigificant,  and  seem- 
ingly promise  from  the  submerged  jetties,  when  completed,  all  the  depth 
over  the  bar  anticipated. 

It  is  now  proposed  by  Major  Mansfield,  who  has  recently  relieved 
Major  Howell  ol*  the  charge  of  all  the  works  of  improvement  on  the 
Texas  coast,  to  utilize  the  340  gabions  on  hand  to  construct  a  part  of 
the  south  jetty  from  a  to  6,  a  length  of  4,080  feet  (see  accompanying 
map  1).  The  intention  is  to  place  them  on  mattresses  30  feet  long,  placed 
across  the  line  so  as  to  project  12  feet  on  either  side  of  the  row  of  ga- 
bions. The  above  recommendation  seems  to  be  made  in  the  hope  that 
this  position,  for  special  reasons,  is  favoraide  to  the  collection  of  drift- 
sand,  and  that  in  consequence  the  gabionnade  will  be  covered  and  pro- 
tected. Should,  however,  the  waves  and  currents  prove  adverse  to 
such  collection,  and  the  structure  in  that  sense  be  a  failure,  it  is 
•claimed  that  the  "mattresses  and  riprap  can  be  utilized  as  a  lower 
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course  in  constructing  a  stone  jetty,"  and  the  loss  incurred  will  be  simply 
the  cost  of  placing  and  filling  the  gabions. 

In  the  winter  of  1879-'80  (December,  January,  and  February),  an  ex- 
periment was  made  at  Galveston  with  mattresses,  as  shown  in  sketch  3. 
Commencing  near  the  inshore  end  of  the  Bolivar  pier,  mattresses,  formed 
of  cane  and  brush,  1  foot  thick,  and  mostly  18  feet  wide  and  30  feet 
long,  were  laid  for  nearly  half  a  mile  in  length,  partly  in  four  rows  side  by 
side,  but  for  the  greater  portion  in  two  rows,  the  seaward  end,  however, 
consisting  of  a  single  row  only.  They  were  held  in  place  by  concrete 
blocks  with  an  average  weight  to  the  square  foot  of  surface  of  about  21 
pounds.  The  cross-sections  of  sketch  noticed  in  reference  to  the  order 
in  which  the  different  sections  were  placed  show  some  disturbance  of 
the  bottom  level,  with  but  slight  accumulation  of  sand,  and,  as  Captain 
Davis  says  in  his  report,  "  no  tendency  to  envelop  the  mattresses  with 
it.'^  All  the  experiments  that  have  been  thus  far  tried  on  the  line'of  the 
north  jetty  give  no  evidence  that  sand  will  accumulate  around  any  ob- 
struction to  currents  and  waves  that  may  be  put  upon  the  sea  bottom 
in  that  locality. 

The  trial  made  last  winter  of  the  mattress  30  feet  wide  and  60  feet 
long  on  the  north  pier  line,  does  not  indicate  that  it  will  prove  a  suitable 
base  for  the  gabion  to  stand  upon,  nor  a  sufficient  foundation  either  for 
a  stone  enrockment  or  for  a  mixed  stone  and  fascine  jetty.  If  put  down 
in  the  south  jett}'  from  a  to  ft,  in  from  8  to  11  feet  of  water,  it  may  be 
ondermined  and  drop  the  gabions  resting  upon  it  down  into  a  trench,  as 
they  settled  in  the  north  pier  on  the  18foot  mattresses.  In  truth  such 
result  would  naturally  be  looked  for  unless  the  wave  and  current  action 
at  this  locality  prove  exceptional.  All  the  experience  thus  far  gained  on 
the  Galveston  jetties  shows  that  the  base  assumed  for  them  has  been  too 
narrow  and  unsubstantial.  The  first  success  at  Fort  Point  seems  to  have 
been  dne  to  the  placing  of  one  row  behind  another,  with  frequent  walls 
uniting  them  and  spur-dikes  to  prevent  the  undermining  process.  Be- 
sides, at  that  i>osition,  there  was  an  undoubted  tendency  to  the  collection 
of  sand  drift  coming  in  from  the  southwest. 

Experience  in  building  the  north  pier  of  the  harbor  at  the  mouth  of 
the  North  Sea  Canal  with  large  stones  and  concrete  blocks,  developed 
the  necessity  for  a  wide  base  on  which  they  should  rest.  The  width  of 
enrockment  finally  adopted  for  that  purpose  was  100  feet.  The  base 
of  the  Maas  jetty,  Holland,  wjis  made  50  meters  wide.  The  timber, 
brush,  and  stone  apron  used  as  a  basis  for  the  dike  closing  New  Inlet, 
between  Federal  Point  and  Zeke's  Island,  near  the  mouth  of  Cape  Fear 
Kiver,  North  Carolina,  varied  from  40  to  70  feet  in  width.  There  was 
a  scouring  effect  produced  in  advance  during  the  laying  of  this  apron, 
which  dropped  it  down  about  3  feet  below  the  original  bottom.  There 
wavS  also  scouring  on  either  side,  which  required  'stone  to  be  thrown  in, 
widening  the  base  largely  as  the  dike  was  raised.  The  scouring  was 
endently  due  to  the  overfall  and  not  to  parallel  currents.  It  should  be 
remarked  in  this  connection  that  the  current  through  New  Inlet  was  a 
rapid  one.  The  Charleston  submerged  jetty  is  an  apron  similar  to  that 
a«ed  at  New  Inlet,  North  Carolina,  for  the  base  of  the  closing  dike,  and 
as  far  as  it  has  been  put  down  has  varied  in  width,  according  to  depth 
ot  soundings,  from  43  to  113  feet. 

CONCLUSION. 

From  the  foregoing  it  would  appear  that  a  substantial  base  from  50 
to  100  feet  wide,  varying  with  depth  of  soundings  and  characteristics 
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of  the  position,  will  be  required  for  the  Galveston  submerged  jetties 
whatever  may  be  the  method  of  construction  determined  upon. 

On  the  north  pier  7,000  linear  feet  were  put  down  apparently  on  the 
assumption  that  the  success  of  the  system  had  be«n  established  at  Foil 
Point,  and  hence  with  insufficient  examinations  to  determine  whether  or 
not  the  structure  was  fulfilling  the  end  designed.  This  error  should  hot 
b3  repeated  on  the  south  pier  by  laying  a  section  4,080  feet  long  on  a 
mattress  but  30  feet  wide,  as  proposed.  If  such  experiment  is  to  be 
made  at  all  (and  we  have  little  faith  in  the  sufficiency  of  the  30-foot 
mattress,  or  expectancy  that  the  gabion  will  be  covered  with  drift  sand), 
it  would  be  judicious  to  limit  it  to  a  length  of  200  feet,  and  to  test  it  by  one 
season's  exposure.  We  are  of  opinion,  however,  that  it  would  be  better 
without  more  delay  to  adopt  a  wider  and  more  substantial  base  for  the 
trial — one,  for  example,  shown  on  attached  sketch  A. 

The  estimate  of  the  Board  for  tliis  base  is  but  $13.23  per  linear  foot. 
The  amount  of  atone  or  concrete  allowed  for  may  seem  too  small,  but 
the  weight  of  the  gabion  will  be  sufficient  to  hold  the  raft  down.  Even 
should  more  blocks  be  needed,  the  estimate  will  scarcely  exceed  $20  per 
running  foot.  It  has  been  assumed  that  logs  and  brusli  or  cane  are  to 
be  readily  and  cheaply  obtained  in  the  vicinity. 

We  prefer  stone  to  concrete  as  ballast  for  the  raft,  and  if  it  can  be 
obtained  in  the  vicinity  it  will  be  the  less  costly  of  the  two  materials. 
It  can  probably  be  procured  from  northern  x)orts  for  $5  per  cubic  yard. 
Small  stone  will  pack  well  thrown  upon  the  brush  of  the  raft,  and  if 
filled  with  sand  and  covered  with  sea-shells  before  being  displaced  by 
violent  storms,  will  make  a  solid  mass.  Even  should  concrete  blocks 
be  laid  upon  the  mattresses  as  represented  on  the  drawing,  it  would  be 
well  to  fill  in  between  with  small  stones. 

Concrete  can  probably  be  made  of  Kosendale  or  Baylor's  Portland 
cement  at  $6  i>er  cubic  j-ard,  as  will  appear  from  the  following  estimate: 

300  pounds  SayFor's  cement  at  .S  cent $2  40 

8  cubic  feet  river  sand  (dense),  at  9  cent-s 7*2 

24  cubic  feet  river  gravel  (dense),  at  9  cents 2  16 

Making,  including  ramming  and  molding 72 

Cost  for  one  cubic  yard 6  (K) 

The  method  of  construction  shown  in  sketch  A  may  be  varied  by 
placing  the  gabion  lengthwise  instead  of  crosswise  on  the  grillage,  and 
by  giving  the  mattress  on  either  side  of  it  a  greater  thickness  and  cov- 
ering it  entirely  with  stone  with  a  view  to  greater  solidity  and  to  the 
collection  of  drift-sand.  This  project  is  proposed  simply  to  take  the 
place  of  that  submitted  by  the  local  engineer  at  Galveston  for  utilizing 
the  gabions  on  hand,  and  it  is  understood  that  no  more  gabions  are  to 
be  constructed.  Its  merit  consists  in  the  solidity  of  the  raft  itself,  so 
that  should  the  gabions  break  up,  additional  stone  thrown  in  would 
convert  the  structure  into  a  serviceable  jetty. 

Sketch  B,  annexed,  shows  a  solidly  made  mattress  with  60  feet  base 
and  with  an  average  thickness  of  about  3  feet.  It  is  covered  with  con- 
crete blocks,  but  stone  would  be  better  as  more  dense  and  less  liable  to 
be  removed  by  the  waves.  The  structure  will  require  to  be  strongly 
bound  together  to  resist  breaking  while  being  towed  to  its  position. 
The  thickness  of  the  mattress  itself,  as  well  as  of  the  stone  covering, 
should  vary  with  the  depth  of  water  in  which  it  is  to  be  sunk,  and  the 
exposure  of  the  position.  It  is  possible  that  the  annexed  estimate  for 
this  structure  is  too  small,  and  tiiat  the  difficulties  and  delays  of  placing 
it  in  the  open  Gulf  will  much  increase  its  cost.  It  would  scarcely  be 
safe,  therefore,  to  estimate  it  at  less  than  $40  per  linear  foot. 
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We  further  submit  for  trial  the  methods  of  construction  represented 
l>y  sketches  C  and  D,  annexed.  The  first  is  a  grillage  of  logs,  the  lower 
^t  placed  3  feet  distant  firom  center  to  center  and  crosswise  to  direction 
<^(  jetty,  and  firmly  bolted  to  the  longitudinal  binders,*  which  are  few  in 
uanib^.  Thin  but  compact  mattresses  fill  the  spaces  between  the  bind- 
ing logs,  while  the  central  portion  or  heart  of  the  construction  is  formed 
of  a  solid  mattress  varying  from  1  to  3  feet  in  thickness.  Though  blocks 
of  concrete  covering  the  mattresses  represent  the  weight  required  to 
bold  the  mass  in  position,  it  is  understood  that  stone  will  be  preferably 
used  if  readily  procurable.  The  dimensions  given  will  probably  suffice 
for  depths  up  to  11  feet,  unless  there  is  much  settling.  In  shoal  water 
the  thickness  of  central  mattresses  and  width  of  base  may  be  reduced. 

Sketch  I>  represents  cross-section  of  the  apron  used  in  1878  and  1879 
in  the  foundation  for  the  submerged  jetties  on  Charleston  bar.  South 
Carolina,  and  which  thus  far  has  proved  successful.  For  full  descrip- 
tion of  this  construction  see  Annual  Beport  of  the  Chief  of  Engineers  for 
1879,  Appendix  I. 

As  small  stones  upon  structures  exposed  to  the  action  of  breakers  will 
be  more  or  less  displaced  during  storms,  we  must  anticipate  some  dam- 
ages to  result  from  the  application  of  either  of  the  above  methods  to  the 
construction  of  the  Galveston  jetties.  Either  of  them,  however,  will 
probably  prove  a  success,  provided  the  brush  collects  sand  and  the  stones 
become  bound  together  by  molluscous  concretions,  which  usually  grow 
rapidly  in  warm  climates.  Experience  in  Charleston  Harbor  and  on  the 
shores  of  Holland,  especially  at  the  mouth  of  the  Maas,  bears  testimony 
to  the  rapid  growth  of  these  moUusca  upon  loose  stones  immersed  in  the 
sea  near  the  outlets  of  fresh  water  tributaries,  and  to  their  effective  use 
in  cementing  them,  as  it  were,  into  one  mass.  Though  we  anticipate 
with  no  degree  of  certainty  the  same  favorable  results  at  Galveston  as 
at  Charleston,  yet  it  seems  probable  that  similar  shell  deposits  will  occur 
and  that  the  brush  and  stone  will  collect  sand  in  process  of  time.  Un- 
aided by  such  favorable  actioD,  the  solidification  of  the  jetties  will  be 
'liificult  and  costly. 

The  Board  are  disposed  to  favor  the  grillage  or  raft  system  as  gi^^ng 
a  stiffer  base  than  the  mattress  unsupported  by  logs. 

We  recommend,  however,  the  trial  of  the  several  methods  proposed, 
by  constructing,  during  the  present  summer,  sections  of  the  Galveston 
jetties  in  general  accordance  with  annexed  sketches,  using  as  a  covering 
aboat  2  feet  thickness  of  stone  instead  of  concrete,  if  stone  can  be  pro- 
cured. By  the  exposure  of  the  succeeding  autumn  and  winter,  the  sec- 
tions built  will  be  tested.  When  a  satisfactory  method  of  construction 
has  been  determined  we  are  of  the  opinion  that  the  Galveston  jetties 
should  be  built  by  contract,  rather  than  by  the  system  now  followed. 
In  the  mean  time  there  should  be  as  little  expenditure  for  plant  as  pos- 
dUe. 

From  the  direction  taken  by  the  Cylinder  Channel  it  would  appear 
that  the  direction  of  the  north  jetty  for  a  distance  of  2  miles  fix)m  the 
^hore  need  not  be  changed.  The  south  jetty  should  incline  more  to  the 
north,  taking  direction  indicated  by  line  AB,  so  as  to  contract  the  open- 
ing between  the  two  at  their  outer  ends.  Neither,  however,  should  be 
carried  more  than  2  miles  seaward  until  the  other  has  progressed  nearly 
:n  equal  ratio,  and  the  effects  produced  by  their  prolongation,  noted 
from  time  to  time,  will  determine  the  final  directions  the  outer  portions 
5(hoald  take. 

It  has  always  been  assumed  that  the  Galveston  jetties  are  to  be  sub- 
merged, but  to  what  depth  can  onlj'  be  determined  by  results  produced 
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duriDg  the  progress  of  their  construction.  Should  an  average  height  of 
5  feet  above  the  sand  bottom  prove  sufficient  to  subserve  the  purpose 
for  whioh  they  were  designed,  it  seems  probable  that  they  can  be  con- 
structed by  either  of  the  methods  proposed  (stone  being  furnished  from 
the  vicinity)  for  140  per  linear  foot. 
Bei^[>ectfully  submitted.  Z.  B.  Toweb, 

Colonel  of  Engineers  and  Bvt  Maj.  Oen, 

John  Newton, 
Colonel  of  Engineers  and  Bvt  Maj.  Oen, 

Q.  A.  OlLLMORB, 

Lieutenant-Colonel  of  Engineers  and  Bvt  Maj,  Oen. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 


ESTIMATE  FOR  A  SECTION  30  FEET  LONG. 

11  grillage  logs,  each  60  fee fc  long,  at  6  cents |39  60 

6  binder  logs,  each  30  feet  long,  at  6  cents 10  80 

350  pounds  of  l>inch  round  bolts  and  nnts,  at  8  cents 2800 

5  mattresses  between  binders,  each  10  inches  thick =28  cubic  yards,  at  $1.50  42  00 

2  fascines,  7  cubic  yards,  at  $1.50 10  50 

1,800  feet,  board  measure,  3-iuch  plank,  at  $18  per  M 32  40 

50  pounds  of  spikes,  at  5  cents 2  50 

22  cubio  yards  of  concrete  or  stone,  at  $6 132  00 

297  80 

Contingencies,  at  33^-  per  cent 99  26 

Total  for  30  linear  feet 397  06 

Cost  per  linear  foot 13  23 

Every  5  feet  of  increase  or  decrease  of  width  wilLadd  to  or  subtract  from  above  cost 
of  lin/ear  foot  about  $1. 

ESTIMATE  FOR  A  SECTION  30  FEET  LONG. 

191  cubic  yards  of  mattress,  at  $1.50 $286  50 

80  cubic  yards  of  concrete  or  stone,  net  measurement,  at  $6 480  OO 

766  50 
Opntijigenfiies,  at  33^  per  cent •.•.^.      255  50 

Total  for  30  linear  feet 1,022  00 

Coat  per  linear  foot 34  06 

Every  5  feet  of  increase  or  decrease  of  width  will  add  to  or  subtract  from  above 
oost  of  linear  foot  about  $2. 

The  mattresses  should  be  made  compact  by  drawing  the  surfaces  together  by  suit- 
able ties. 

ESTIMATE  FOR  A  SECTION  30  FEET  LONG. 

11  grillage  logs,  each  75  feet  long,  at  6  cents $49  50 

6  binder  logs,  each  30  feet  long,  at  6  centa 10  80 

350  pounds  of  1-inch  round  bolts  and  nuts,  at  8  cents 28  00 

5  mattresses  between  binder  logs,  each  10  inches  thick  =  61  cubio  yiurds, 

at  $1.50 91  50 

1  mattress,  1  foot  to  3  feet  thick=62  cubic  ytadB,  at  $1.50 93  00 

720  feet,  board  meafiure,  3-inch  plank,  at$18peorM 12  % 

22  pounds  of  spikes,  at  5  cents 1  00 

100  cubic  yards  of  concrete  or  stone,  neat  measurement,  at  $6 600  00 

888  76 
Contingencies,  at  33^  percent 295  58 

Total  for  30  linear  feet 1,182  34 

Cost  x>er  linear  foot... 39  41 
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Every  5  feet  of  increase  or  decrease  of  width  will  add  to  or  subtract  from  abov<( 
(ost  of  linear  foot  aboat  f2. 

The  mattresses  should  be  made  compact  by  drawing  their  surfaces  together  by  suit" 
ibie  ties. 


repobt  of  hajob  s.  m.  mansfisld,  oobps  of  bnoxkeeb6. 

United  States  Enqikbeb  Office, 

Oalvestorij  Texas^  March  25,  1880. 

GENEBAii :  I  have  the  honor  to  submit  the  accompanying  report  of 
Assistant  Bipley,  it  being  a  suggestion  of  his  for  a  disposition  of  the 
gabions  on  hand  at  Bolivar  Point. 

It  is  very  necessary  to  get  rid  of  these  gabions,  if  only  for  the  room 
they  occupy,  and  my  desire  has  been  to  utilize  them  to  the  best  possible 
advantage.  Mr.  Bipley's  project  meets  my  approval,  and  I  submit  the 
report  without  comment,  beyond  the  suggestion  that  the  mattresses 
be  kept  well  in  advance  of  the  gabions  during  construction,  to  counter- 
act any  tendency  to  scour  in  advance  of  the  work. 

The  placing  of  these  gabions  will  absorb  about  the  balance  of  available 
foBds,  and  will  build  4,080  feet  of  the  jetty,  and  will  require  the  whole 
of  the  coming  season  for  its  execution. 

The  probable  success  or  failure  of  this  gabionnade  will  be  determined 
soon  after  the  work  is  begun.    The  conditions  seem  to  favor  success. 

The  plan  of  the  Board  of  Engineers  was  to  utilize  the  gabions  on 
hand.    It  may  be  they  intended  to  confine  their  use  to  the  Bolivar  jetty. 
I  therefore  submit  the  matter  for  your  consideration  and  approval. 
Very  respectiully,  your  obedient  servant, 

S.  M.  Mansfield, 

Major  of  JEngineerSj 
BvU  Lieut.  CoL  U,  8,  A. 

The  Chief  of  Engineers,  IJ.  S.  A. 


RSPORT  OF  U^  H.   0.  RIPUCT,  ASSISTANT  ENGINEER. 

BouvAB  Point,  March  22,  188Q. 

CoLOKEi*:  I  would  respectfully  suggest  a  dispoBitiou  of  the  gabions  whioh  we  have 
on  hsnd. 

We  bare  317  gabions  entirely  comj^leted,  and  23  partially  so,  making  a  total  of  340. 
Ilieae  will  construct  4,080  feet  of  gabionnade.  I  send  herewith  a  tracing  upon  which 
U  shown,  in  red^  the  proptised  line  of  the  south  jetty.  The  bine  lioe,  extending  from 
the  6-foot  curve  out  4.060  feet,  shows  tbe  position  where  I  would  suggest  the  use  of 
the  gabions.  If  they  be  placed  on  mattresses,  say  30  feet  long,  placed  across  the  line, 
exteuding,  as  they  woula,  12  feet  on  either  side  of  the  gabions  and  well  riprapped  on 
either  side  to  prevent  lateral  displacement  of  the  gabions,  I  think  they  would  settle 
l^t  little,  and  would  resist.tbe  action  of  the  waves  until  they  became  covered  with 
Mod.  We  are  encouraged  in  the  belief  that  they  would  become  immediately  covered, 
from  the  fact  that  before  the  storm  of  1875  there  was  but  5^  feet  of  water  where  there 
is  now  15  feet,  and  where  there  is  the  deepest  water  on  this  line,  there  was  but  6  feet 
io  1672;.  There  seems  to  be  a  tendency  to  a  reformation  of  a  shoal  at  this  point,  as  is 
ithown  by  the  shoal- water  a  short  distance  to  the  southward.  This  tendency  is 
resisted  by  the  ebb-tide  concentrated  at  this  point,  and  which,  being  cut  off  by  a  line 
f*f  gabions,  will  allow  the  sand  to  form  a  bank  on  the  sea-side  and  finally  cover  the 
^hole  line,  as  was  the  case  at  the  Fort  Point  gabionnade.  Ther«  would  be  an  aver- 
a«ce  depth  of  4  feet  on  tops  of  the  gabions  and  about  the  same  depth  on  the  shoal  t* x- 
tendioff  to  the  pile  breakwater,  wnich  would  leave  an  opening  of  8,800  feet  length 
and  4  foet  depth  for  the  admission  of  the  flood-tide  at  the  shore  end  of  the  Jetty — a 
condition,  it  seems  to  me,  very  much  to  be  desired.  If  it  be  feared  that  a  channel 
would  be  cut  through  between  the  inner  end  of  this  and  the  Fort  Point  sabionnade, 
&  nngle  tier  of  mattresses  well  covered  with  stone  would  prevent  it ;  but  I  think  there 
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is  no  possible  danger  of  it,  for  the  water  from  Galveston  channel  poshes  oat  against 
that  of  Bolivar  channel  and  prevents  its  spreading  at  this  point.  Even  were  there 
considerable  doubt  of  it-s  success.  I  think  it  well  worth  the  experiment,  firom  the  fact 
that  we  have  the  gabions  on  hand  and  the  cost  of  placing  them  is  so  small  compared 
with  the  cost  of  a  stone  jetty  that  in  case  of  success  the  saving  would  be  enormous. 

For  example,  the  cost  of  placing  95  gabions  in  October  and  November,  1877,  was 
$16  per  gabion  (estimated  at  the  time),  or  (1.33  per  ranning  foot.  The  cost  of  mat- 
tress 30  feet  wide  is  $1.83  per  running  foot.  The  amount  of  concrete  for  riprap,  Ray 
2  feet  high  at  gabion,  and  sloping  down  to  half  a  foot  at  a  distance  of  12  feet,  would 
be  30  cubic  feet,  and  its  cost,  at  &  cents  per  cubic  foot,  would  be  $7.50  per  running 
foot. 

The  placing  of  the  mattresses  and  riprap  would  cost,  say,  $1  per  running  foot.  The 
total  cost  of  gabionnade  would  therefore  be — 

Placing  gabions $1  33 

Mattresses 1  83 

Placing  mattresses  and  riprap 1  00 

Riprap 7  50 

$11  66 

Contingencies  superintendence,  &c.,  30  per  cent 3  50 

Total  cost  per  running  foot 15  16 

And  4,060  feet  would  cost  $61,852.80. 

It  must  be  remembered,  however,  in  case  of  failure,  that  the  only  loss  will  be  the 
placing  of  gabions,  for  the  mattresses  and  riprap  can  be  utilized  as  a  lower  course  in 
constractin^  stone  jetty.  The  loss  will^  therefore,  be  $1.33  per  running  foot,  and  the 
total  loss  will  be  less  than  $5,500. 

The  same  heig^ht  of  stone  jetty,  roughly  estimated,  would  cost  $80  per  running  foot. 
Should  the  gabionnade,  therefore,  prove  a  success,  which  the  conditions  seem  to 
favor,  there  would  be  a  saving  of  ^  per  running  foot,  or  a  total  saving  of  $265,200. 
Very  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 

AaaUtant  Engineer, 
Bvt.  Lieut.  Col.  S.  M.  Mansfield, 

Major  of  Engineers^  tf,  S,  A» 
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report  of  captain  charles  e.  l.  b.  davis,  corps  of  engineers. 

United  States  Engineer  Office, 

Galveston^  Tex.y  March  7,  1880. 

Sir  :  I  have  the  honor  to  submit  the  following  replies  to  the  questions  propounded 
by  General  Tower,  president  of  the  Board  of  Engineers  on  improvement  of  entrance  to 
Galveston  Harbor,  ni  his  letter  addressed  to  you  dated  February  23,  1390,  which  letter 
you  handed  to  me  with  the  request  to  state  my  views. 

I  transmit  with  this  letter  two  tracings,  one  showing  a  plan  and  elevation  of  the 
Bolivar  gabionnade  entire,  as  it  existed  at  times  of  last  examinations ;  there  is  also 
shown  a  plan  of  the  sheet-piling,  extending  fi'om  the  shore  to  the  inner  end  of  the 
gabionnade,  which  was  destroyed  by  the  storm  of  September,  1877 ;  the  legend  and 
notes  upon  this  tracing  will  explain  it  and  help  to  make  my  answers  to  General 
Tower's  questions  more  readily  understood. 

The  second  tracing  shows  the  positions  of  the  mattresses  put  down  since  the  con- 
struction of  the  Bolivar  gabionnade  was  discontinued. 

In  order  to  be  as  concise  as  possible,  I  will  take  up  the  questions  sertatim  and 
answer  them. 

1st.  ''How  many  gabions  have  been  put  down  since  the  Board's  report  was  made 
last  summer  f 

The  total  number  of  gabions  put  down  since  June  30,  1879,  is  242.  An  examination 
of  the  tracing  will  show  but  2^,  as  5  of  those  put  down  in  November,  at  what  was 
then  the  extreme  outer  end  of  the  gabionnade,  had  disappeared  before  their  first  ex- 
amination, and  hence  are  not  showu  upon  the  tracing. 

2d.  ''Were  those  gabions  (known  to  bs  on  hand)  strengthened  in  any  way  before 
they  were  put  in  place,  or  were  used  without  being  strengthened  f  If  strengthened, 
how  was  it  effected  f 

Gabions  on  hand  at  the  time  of  the  Board's  report  were  used  without  being 
strengthened.    The  weakness  of  the  gabion  arises  from  the  fact  that  it  is  an  exceed- 


APPENDIX   N.  1233 

ingly  elastic  wickiT- work  covered  with  au  inelastic  cem  «*iit  coating,  which  coating 
when  the  gahion  is  Bnhject«d  to  any  strain,  is  certain  to  crack  and  flake  off.  To 
litrpu^hen  a  well-reasoned  completed  gabion  coald  only  be  done  in  two  ways,  either 
tu  put  in  additional  bolts  or  to  put  on  an  extra  coating  of  cement.  The  tirst  method 
would  endanger  cracking  the  cement  on  attempting  to  tighten  the  bolts,  and  the  sec- 
ond would  hare  presented  the  difficulty  of  making  the  new  cement  coating  adhere  to 
rhe  old. 

3d.  "  Describe  mat  upon  which  they  were  placed — length,  breadth,  thickness,  ma- 
ttrial.  Strength  estimated  roughly  to  determine  whether  they  would  break  or  bear 
the  gabions  placed  upon  them." 

The  mats  upon  which  the  gabions  were  placed  were  12  by  18  feet,  made  of  3-in«'h 
fMcines  place<l  side  by  side  and  tied  together  with  houseline  at  intervals  of  about  '^ 
feet,  in  the  following  manner : 

Commencing  in  the  center  of  a  piece,  the  line  is  passed  over  and  under  the  fascine, 
the  two  ends  croeslng  on  the  other  side  and  tied  with  a  flat  knot.  The  two  ends  are 
then  carried  over  and  under  the  next  fascine,  and  so  on  across  the  mat. 

Ei^ht  battens,  1  inch  hy  6  inches,  are  then  placed  lengthwise  <*f  the  mat,  four  on 
either  side  opposite  each  other,  and  fastened  together  wi&  gal vani zed-iron  wire  pn^^- 
iDg  between  the  fascines  and  around  the  battens  at  intervals  of  about  2  feet.  The 
fasdne  is  made  of  rivt;r  eaoe  as  an  outside  casing  and  filled  in  the  center  with  the 
Hranches  trimmed  from  the  same  cane  and  tied  together  with  marliTie,  piMsiug  twice 
aroond  at  intervals  of  about  9  inches.  Twelve  concrete*  blocks  are  placed  upon  the 
mikU,  6  at  each  end,  Ho  keep  it  in  position.  A  concrete  block  is  6  inches  by  18  inches 
by  'SO  iucbea  and  weighs  about  280  pounds.  The  blocks  are  wired  fast  to  the  mat  with 
ji^lrauized-irou  wire.  The  mat  is  placed  the  long  way  across  the  line  of  the  gabton- 
ufMle,  and  the  gabion  being  placed  the  long  way  with  line,  lies  across  the  mat  be- 
twf^n  the  concrete  blocks.  The  mats  thus  constnieted  are  flexible  and  conform  to 
the  shai)e  of  the  bottom,  and  as  far  as  is  known  they  have  sustained  the  j^abion  with- 
m\  breaking.  Tlie  ends  of  mats  upon  which  the  blocks  are  place<l  have  in  every  case 
aA  far  as  is  known  settled  as  much  or  more  than  the  center  upon  which  the  gabion  is 
I'laced.  The  only  way  in  which  settlement  has  occurred  is  undoubtedly  by  the  sand 
\mng  washfHl  from  underneath  the  mat. 

4tu.  **How  were  gabions  placed — crosswise  or  lengthwise,  in  on^  or  two  tiers,  close 
»r  separated  ?  " 

This  question  is  well  answered  by  the  tracing,  with  this  exception,  that  where 
gabions  are  much  separated  it  is  due  to  a  movement  after  l>eii^  put  down.  It  was 
attempted  to  place  them  close  together,  and  generally  they  were  out  little  separated 
wHeu  tlmt  put  down. 

9th.  ^*How  many  have  since  heen  broken  to  pieces  or  mined  by  stoiTus?  '* 

Since  the  Ist  of  July,  1879,  thirteen  gabions  have  disappeared  altogether  and  two 
have  been  broken,  leaving  the  bottoms  in  position  upon  the  mats,  and  one  has  the  top 
g*>iie,  making  a  total  of  sixteen  broken  or  disappeared. 

Extracts  from  reports  made  from  time  to  time  will  furnish  the  speciflc  infoinnation 
called  for. 

[Froni  report  of  September  20, 1879,  conceming  gabiona  placed  in  July.] 

•  •  •  <«  There  is  one  gabion  short  of  the  numher  put  down,  and  one  gabion,  No. 
'<^2,  out  of  line.  This  sabiou  was  put  down  close  to  No.  701,  and  was  left,  at  the  close 
of  a  (lay's  work,  partially  filled  with  sand.  Two  days  later  it  was  fohnd  in  it«  present 
position.  It  is  altogether  probable  that  the  one  that  is  missing  diBapi>eared  in  a  simi- 
lar manner,  but  was  carried  so  far  from  the  line  as  not  to  be  discovered.  •  ♦  • 
Nor.  606  to  512,  inclusive,  were  examined  July  19,  eighteen  days  after  they  were  put 
«lowD.  Nos.  613  to  627,  inclusive,  were  examined  July  21,  from  ten  to  twenty  days 
after  they  were  put  down.  Nos.  628  to  669,  inclusive,  were  examined  Jnly  22,  ftom 
lour  to  eleven  days  after  they  were  put  down.  Nos.  670  to  686,  inclusive,  were  ex- 
aiuiued  July  29,  from  seven  to  eleven  days  after  they  were  put  down.  Nos.  687  to  702, 
inclusive,  were  examined  July  30,  from  two  to  eight  days  after  they  were  put  down. 
Nos.  703  to  709,  inclusive,  were  examined  August  2,  from  two  to  five  days  after  they 
were  put  down. 

"On  account  of  some  doubtful  locations  and  a  discrepancy  between  the  number  of 

SHbions  examined  and  the  number  put  down  as  shown  by  Captain  Elwell's  memoran- 
ini,  a  re-examination  was  made  from  Nos.  709  to  633,  working  from  the  outer  end  to- 
wards shore.  Nos.  709  to  705,  inclusive,  were  re-examined  l^ptember  3,  thirty-two 
'lays  after  their  first  examination. 

'•Nos.  704  to  665,  inclusive,  were  re-examined  September  4,  thirty-three  to  forty- 
four  days  after  their  first  examination.    Nos.  664  to  633,  inclusive,  were  re-examined 
^ptcmbcr  16,  fifly-six  days  after  their  first  examination. 
"Tlie  settlement  whicli  took  place  from  time  of  first  examinatipn  to  time  of  re- 
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examination,  and  depth  of  water  on  top  at  time  of  rc-examination  is  shown  in  the 
following  table : 


GabioBft. 


Numhert. 

633  to  664 

665  to  668. 

670  to  686 

687  to  702 

703  to  704 

705  to  709 


Average 

AvenMCa 

settlement. 

depth. 

Fegt. 

r^. 

2.89 

5.61 

3.28 

6.20 

2.28 

6.63 

2.19 

6l26 

1.20 

9.15 

2.94 

5.88 

'^  The  least  settlement  shown  is  1  foot  (No.  694)  and  the  greatest  is  4.8  feet  (No.  6^). 

^*  It  must  be  remembered  that  the  settlement  thns  shown  is  not  the  total  settlement 
since  the  gabions  were  pnt  down. 

^*To  ^et  the  total  settlement  there  must  be  added  the  settlement  prior  to  the  first  ex- 
amination. This  is  not  known,  but  since  the  gabions  settle  most  rapidly  for  the  first 
few  days  aft<'r  being  put  down,  it  is  probable  that  the  settlement  prior  to  the  first 
examination  exceeds  the  amount  shown  in  the  table.  The  fourth'  column  of  the  table, 
which  shows  the  depth  of  the  water  on  the  ton  of  the  gabions,  gives  a  good  idea  of 
their  total  settlement  when  it  is  remembered  tuat  the  tops  of  many  of  them  were  at 
the  surface  of  the  water  when  first  put  down. 

'^AU  the  gabions  seem  to  be  in  good  condition  excex^t  No.  646,  which  has  lost  its  top, 
and  the  sand  tilling  is  gone."  , 

[From  report  of  Xovcraber  17,  1879,  concerning  gabions  placed  In  August  and  September.  I 

«  «  ^  »  •  •  • 

"Two  gabions,  Nos. 750  and  751,  had  been  carried  away,  leaving  the  mats  and  blocks 
in  position.  Two  other  small  ga]>s  have  been  caused  by  the  shifting  of  the  gabions 
as  shown  at  Nos.  720  and  732. 

"In  the  former  case  fonr  gabions,  Nos.  716  to  719,  have  shifted  from  a  straight  con- 
tinuous row  to  the  position  in  which  they  are  shown  on  the  tracing.  These  move- 
ments are  evidences  of  the  shocks  which  the  gabions  are  called  upon  to  resist,  now 
that  the  outer  end  has  passed  the  last  shoal  and  must  henceforward  receive  the  full 
force  of  the  sea. 

"During  September,  construction  was  confined  to  a  wing  and  return  line. 

"In  the  partial  inclosurc  thus  formed,  we  should  expect  a  rapid  accumnlation  of 
sand,  but  soundings  taken  on  the  21st  of  October  show  that  up  to  that  time  no  mat<^ 
rial  accumulation  had  occurred." 

[From  report  of  Januarjf  6,  1880.] 


*"  During  the  month  of  October  there  were  placed  in  the  gabionuade  30  gabions. 

^'Of  these  30  gabions,  5  (Nos.  781,  784,  787, 788,  and  789),  have  disappeared  entirely, 
and  others,  notably  No.  763,  show  evidence  of  considerable  displacement. 

''During  the  month  of  November  there  were  put  down  8  gabions.  Four  of  thes« 
were  put  aown  on  the  3d.  Two  of  these,  the  outer  ones,  had  disappeared  on  the  19th, 
and  were  replaced,  and  two  additional  ones  were  put  down.    December  16,  when  the 

examination  was  made,  only  three  remained  of  those  put  down  in  November. 

•  •  •  f  «  «  « 

"  It  is  worthy  of  remark  that  at  the  outer  end  where  the  gabions  disappearcii  the 
mats  remained  as  they  were  placed." 

6th.  "Has  it  been  a  success  as  a  system,  or  a  failure  ?" 

In  my  opinion  it  has  been  a  failure. 

7th.  "  Has  it  caused  the  formation  of  drift  sand  against  it  or  not  ?  " 

No  formation  of  drift  sand  against  the  gabionuade  has  occuiTed.  There  have  been 
accumulations  of  sand  on  the  north  side  of  the  line,  and  they  have  disapi>eared  or 
shifted  from  place  to  place,  and  reappeared  a  number  of  times,  but  nothing  approach- 
ing a  permanent  sand  formation  can  be  said  to  have  resulted  from  the  gabionuade. 

7th.  "Second.  As  to  the  old  gabionuade  built  before  July  last,  what  is  its  present 
condition  T    Has  it  deteriorated  much  during  the  past  7  or  8  months  f" 

No  recent  exauiination  of  the  older  portion  of  tlie  gabionuade  has  been  made. 
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In  July,  1879,  that  poi-tion  constmcted  in  May  and  Juno  wa.s  examined,  and  the 
rnnctitiou  at  that  time  is  shown  by  the  following: 

[£x.tnict  IVom  report  of  Aa£iii»t  1,  1870.  J 

"  In  their  settlement  many  of  the  gabions  have  worked  ont  of  position,  and  one  (No. 
o79)  has  gone  away.  From  No.  586  to  No.  604  most  of  the  gabions  are  more  or  less  ont 
of  Hue.  This  is  partially  <lne  to  settlement  and  partially  dne  to  an  imperfect  ranging 
i»f  the  giiide  piles." 

Its  present  condition  is  not  known,  but  there  is  no  evidence  that  It  has  greatly 
det4>riorated  in  the  past  seven  or  eight  months. 

Hth.  **  How  many  gabions  have  been  broken  to  pieces  during  that  period  f '' 

Tliere  is  no  positive  information  as  to  the  number  of  gabions  broken  to  pieces  dnr- 
ing  that  period,  bnt  ftom  the  absence  of  d6bris  upon  the  beach  it  is  believed  that  the 
dt^niction  has  been  very  slight. 

fHlL  ^*Have  the  gabions  settled  farther  down  into  the  sandt" 

There  is  no  information  with  regard  to  their  settlement  lately.  It  is  probable  that 
the  oldest  {K)rtion  (that  constmcted  in  1877)  has  ceased  to  settle,  Ihe  tops  of  the  ga- 
l>ifnm  having  long  since  nearly,  if  not  quite,  reached  a  depth  on  a  level  with  the  gen- 
tral  .surface  of  tho  bottom. 

lUth.  ^'Does  it  in  any  way  fulfill  its  purpose,  or  is  it  mostly  a  waste  of  means?  ^' 

111  my  opinion  it  is  mostly  a  waste  of  means. 

Uth.  *  *  *  '*  I  desire  to  learn  if  mattresses  of  brush  loaded  with  stone,  as  rec- 
nmmeuded  by  the  Board  of  last  snmmer,  have  been  tried.  If  so,  how  were  they  made, 
and  what  has  been  their  success  f  *' 

MattrpsMes  of  brush  and  cane  have  been  placed  in  a  single  tier,  as  shown  in  the  ao- 
<t>Dipanying  tracing,  and  loaded  with  concrete  blocks  (100  blocks  to  each  mattress),  aa 
no  Htone  could  be  iibtaincMl. 

The  concrete  blocks  are  the  same  as  tiiose  used  in  weighting  the  mats  placed  under 
the  ipibions.  Mattresses  have  been  principally  made  18  feet  by  60  feet,  and  about  one 
foot  thick  over  all.  The  cane  or  brush  is  laid  one  layer  lengthwise,  another  crosswise, 
and  another  lengthwise,  and  all  held  in  place  by  frames  of  wood  above  and  below, 
fastened  together  with  iron  bolts,  wooden  piTis,'and  galvanized-iron  wire.  A  few  mat- 
treaseM,  18  teet  by  30  feet,  ma<le  in  a  similar  manner,  have  been  used.  The  success  of 
the  mattresses  is  shown  by  the  cross-sections. 

Let  ns  consider  croHS  section  No.  1. 

Mattress  No.  1  was  placed  December  4,  No.  2  was  ]>laced  December  6,  No.  4  Decem- 
Wr  15,  and  No.  11  December  16.  Now,  assuming  that  the  bottom  was  level  when  No.  1 
^M  placed,  which  was  most  likely  the  case,  there  was  a  slight  accnmnlation  before 
^»-  2  was  placed,  and  a  slight  scour  before  No.  4  was  placed,  and  a  still  greater  aoou- 
ninUtion  Insfore  No.  11  was  placed.  Cross-section  A  A  shows  a  slight  accumulation 
on  lK>th  .sides  of  the  mattresses.  Cross-sections  Nos.  10,  13,  and  14  each  show  an  accn- 
nnilation  from  time  of  i)lacing,  respectively,  No.  40  and  No.  42,  No.  49,  and  No.  50, 
^ndXo.  51,  and  No.  54.  Cross-section  No.  29,  however,  shows  a  scour  from  time  of 
jdaciug  No.  81  and  No.  89.  There  seems,  therefore,  little  tendency  to  accumulate  sand, 
*fld  no  tendency  thus  far  to  envelope  the  mattresses  witli  it.  , 

llie  placing  of  mattresses  was  commenced  on  the  line  of  the  gabionnade,  bnt  it  was 
thoaf^ht  aihisable  to  make  an  off-set,  and  thus  avoid  the  deep  trench  and  irregular 
Mtom  cauMed  by  the  gabions. 

I2th.  •*  Are  there  any  palmetto  trees,  scrub  oak,  or  any  timber  growth  at  or  near 
^ialventon  f    Any  brush  for  mattresses  T  " 

There  is  no  palmetto  in  Texas.  The  river  banks  are  covered  with  timber,  pine, 
P*'<'an,  ash,  willow,  drc,  though  of  a  rather  poor  quality  for  mattress  making. 

Alt  of  the  rivers  in  Texas  are  extremely  tortuous,  and  navigable  only  a  short  time 
<n  the  whole  year,  making  water  transportation  very  uncertain,  and  consequently 
♦■xiH'iwive. 

U 18  thought  that  river  cane,  if  furnished  in  large  quantities,  and  not  selected  ac- 
<  «>rding  to  sample  for  matting  gabions,  could  be  obtained  cheap  enough  for  mattresses, 
Aitd  would  certainly  l>e  a  good  material  for  that  purpose. 
Very  respectfully,  your  obedient  servant, 

Chas.  E.  L.  B.  Davis^ 

Lactam  oj  ii^uymeers, 

^*j.  8.  M.  Mansfield, 

Vitrpn  of  Enffineerfif  U,  f.  A, 
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N  4. 

niPROVEMEXT  OF  SHIP  CHANNEL  IN  GALVESTON  BAY,  TEXAS. 

Estimates,  together  with  report  of  "  Survey  at  Buffalo  Bayou  for  u 
channel  of  navigation  through  Buffalo  Bayou  and  Galveaton  Bay  to 
Bolivar  Channel,  near  the  outer  bar  in  the  Gulf  of  Mexico,''  were  ren- 
dered April  4, 1871,  for  improvement  of  channel  designed  to  accommodate 
a  large  i)ortion  of  the  commerce  of  the  district. 

The  several  acts  of  Congress  have  given  to  this  work — 

June  10,  1872,  $10,000,  and  June  23, 1874,  $10,000=$20,000;  by  which 
a  channel  was  dredged  through  Bed  Fish  Bar,  1,500  feet  long,  70  feet 
wide,  and  over  7  feet  in  depth. 

March  3, 1875,  $35,200;  by  which  a  channel  was  made  (between  Bolivar 
Channel  and  mouth  of  San  Jacinto  River,  and  tlirough  Red  Pish  Bar) 
6,100  feet  in  length,  14^  feet  in  depth,  connecting  depths  in  channel  of 
9  feet,  and  8J  feet  in  the  upper  and  lower  bays,  and,  with  the  private 
work  of  improvement  at  Morgan's  Point,  permitting  the  passage  of 
vessels  of  Ofoot  draught  to  within  a  short  distance  of  Houston. 

August  14, 187G,  and  June  18, 1878,  a  total  of  $147,000;  made  appli- 
cable to  that  i)ortion  of  channel  between  Red  Fish  Bar  and  Bolivar 
Channel ;  contract  entered  into  with  George  C.  Fobes  &  Co.  Decem- 
ber 3,  1878,  to  dredge  channel  12  feet  deep,  100  feet  wide  at  bottom 
through  lower  bay,  irom  head  of  Bolivar  Channel  to  Bed  Fish  Bar. 

March  3,  1879,  $80,000 ;  <( This  amount  made  applicable  on  a  direct 
line  between  the  cut  through  Morgan's  Point,  subject  to  conditions  that 
have  not  yet  been  placed  in  the  form  of  legal  documents  required  by 
the  United  States  before  application  of  the  money  appropriated."  (Vide 
Report  of  Chief  of  Engineers,  1879,  page  918.) 

PROGBESS  MADE  DTJRlNa  THE  YEAK  ENDINa  JUNE  30,  1880. 
re1»0rt  of  captain  c.  k.  l.  b.  davls,  corps  of  knginker8. 

United  States  Engineer  Office, 

Galveston,  Ter,,  Julg  1,  1880. 

Sir  :  I  liave  the  honor  to  Hubinit  tJie  following  report  of  o])eration9  for  impvoviu^ 
the  ship  channel  in  Galvetfton  Bay,  Texaa,  fhua  Jnly  I,  1879,  to  February  35,  IbcM). 
the  dal^  of  your  arrival  at  Galveston,  Tex. . 

The  contract  entered  into  with  Geo.  C.  Fobes  &,  Co.,  of  Baltimore,  Md.,  calle4l  for  a 
channel  100  feet  wide  and  VH  feet  deep  through  lower  Galveston  Bay  from  12  feet  of 
water  in  Bolivar  Channel  to  the  cut  through  Red  Fish  Bar,  a  distant^  of  about  10 
miles. 

As  the  dredgeboat  could  make  a  cut  40  feet  wide  without  change  of  position  it  wan 
decided  to  make  three  cut«  nuccesHively  the  entire  length  of  the  channel,  two  of  40 
feet,  and  one  of  20  feet  in  width. 

On  July  1,  1879,  the  lower  .3  miles  of  tJie  first  cut  had  been  completed.  From  that 
time  up  to  the  date  of  your  arrival  work  on  the  cuts  was  continu«Mi.  The  iii'st  cut 
was  complettMl  October  6,  1879,  the  second  cut  February  7,  1880. 

During  the  time  specified  above  the  amount  of  material  dredged  was  as  follows: 

Cubic  yardp. 

July,  1879 77,043.«» 

August,  1879 70,29(*.2r» 

September,  1879 86,619.:i9 

October,  1879 72,85:i21 

November,  1879 60,111. '« 

December,  1879 52,411.09 

January,  1880 50, 02:5.  W 

Febniarj',  1880 40, 425. 9?^ 

Total 510,37>».70 
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The  (liiiiimiig  ^ouncl  for  the  lowerS  milefl'of  the  channel  was  to  the  eastward  about 
tkree-fuurtiLs  of  a  mile  diRtant  from  the  cut,  and  was  marked  out  by  a  line  of  piles 
ilriven  a  mile  apart  and  parallel  to  the  cut.  The  dumping  scows  by  keeping  abreast  of 
th«*  dn^lge  dumped  the  material  in  a  cotitinnous  ridge,  as  it  .was  thought  this  would 
l»e  \em  m  an  obatrwetion  to  light-draught  sailing  vessels  than  if  dumped  in  spots. 

For  the  upper  2  miles  of  the  ship  channel,  the  dumping' grounds  were  changed  to 
f  hi-  westwant  of  the  cut  to  avoid  crossiug  a  schooner  channel  at  that  (loint. 
Very  respectfully,  your  obedient  stn*vant, 

CHAft.  E.  L.  B.  Davis, 

Captain  of  Engineers, 

Maj.  8.  M.   MAN8VIRLD, 

Corpn  of  EngineifrHf  U,  S,  A, 

Daring  March,  April,  aud  May  dredging  was  contiuaed,  the  work 
being  done  satisfactorily,  so  that  by  the  close  of  May  the  contractors, 
Laving  delivered  to  the  United  States  a  channel  in  accordance  with  the 
terms  of  their  contract,  received  final  payment,  and  contract  with  them 
was  then  closed. 

The  material  excavated  and  removed  from  channel  under  this  con- 
tract amounted  in  the  aggregate  to  703,646.03  cubic  yards,,  the  entire 
work  being  done  by  one  dredgeboat  (the  Charles  Fobes),  carrying  a 
<lil)per  of  4.22  cubic  yards  capacity,  equal  to  discharging  in  scows  along- 
side 200  cubic  yards  per  hour. 

Two  dump-scows,  with  a  total  capacity  of  438,172  cubic  yards,  and 
one  tugboat  comprised  the  rest  of  the  plant,  with  the  addition  of  a 
schooner  of  small  tonnage  as  tender  to  the  dredgiiig  fleet. 

PROPOSED  OPERATIONS  FOR  YEAR  1880-'81. 

Available  funds  amount  to — 

Appropwfttlon  of  Mftroh  8,  1879 $80,000 

Appropriation  of  June  14,  1880 50,000 

1  JO,  600 
Ralftnre  of  appropriation  of  1^8 85,000 

Total '. 155,000 

This  amount  may  be  expended  in  improving  the  line  ttom  the  cat  in 
8«d  Pish  Bar  to  the  cut  in  Morgan's  Point,  and  in  continuing  improve- 
ment in  cut  in  the  lower  bay.  To  be  done  by  contract,  after  advertis- 
ing for  proposals  in  the  usual  manner. 

Original  eatimate  (for  channel  100  feet  wide  and  12  feet  deep),  1877 $446, 326  42 

Appropriated  (1672  to  1880) 302,000  00 

l^nappropriated  balance  of  the  original  estimate  ( 1877) 144, 326  42 

Which  sam  can  be  profitably  expended  in  the  fiscal  year  ending  June 
^)  1882,  in  continuing  improvement  as  originally  estimated  for. 

As  heretofore  reported,  the  work  cannot  be  considered  as  one  of  a 
I^enuanent  character. 

^118  vork  18  in  the  collection  district  of  Galreston. 

For  commercial  statistics,  see  report  of  improvement  of  Galveston 
Harbor  and  entrance. 

This  work  is  designed  to  accommodate  a  large  portion  of  the  com- 
nierce  of  the  district. 

The  light-honses  on  or  near  the  line  of  the  work  are  near  Cloppei'^s  Bar,*  at  the 
nwath  of  the  San  Jacinto  River,  in  Red  Fish  Bar,  and  at  Bolivar  Point. 

*  To  be  disoontinned  April  1,  1880. 
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Money  statetfient, 

July  1,  1«79,  amount  available |212,8G8  33 

Amouut  appropriated  by  act  approved  June  14,  1H80 50,  OOU  OU 

$262, 1*3  35 

July  1,  1880,  amount  expended  during  fiscal  year 107,554  72 


July  1,  1880,  amount  available • 155,313  61 

Amount  (estimated)  required  for  completion  of  existing  project 144, 326  42 

Amount  that  can  be  pioiitably  expended  in  tiscal  year  ending:  June  30, 1H82.     144 ,  :^2<>  42 


* 


IMPROVEMENT  OF  TRINITY  RIVER,  TEXAS. 

Plau  aud  estimate  for  improvement  was  submitted  April  29,  1871^ 
based  upon  survey  of  the  mouth  of  this  river. 

Becommendation  and  estimate  for  improvement,  based  upon  survey 
of  the  "  Trinity  River  from  its  mouth  to  Magnolia,  Tex.,"  was  rendered 
in  1873, 

The  appropriations  of  1878-79  have  been  made  applicable  to  dredg- 
ing of  a  channel  5  feet  deep  at  mean  low -tide,  with  a  width  of  1(X)  feet 
across  the  bar  at  the  mouth  of  the  river,  or  so  much  thei*eof  a«  the  ap- 
propriation will  permit. 

PROGRESS  MADE  DURING  THE  YEAR  EM)IKG  Jl  X£  30,  1880. 

Work  of  dredging  (contract  of  June  10, 1879,  with  Mr.  Seth  N.  Kim- 
ball, of  Mobile,  Ala.)  commenced  June  1, 1880;  and  at  the  close  of  the 
fiscal  year  the  number  of  cubic  yards  of  material  dredged  averaged 
22,000,  the  material  being  cast  over  and  deposited  upon  the  banks,  cut- 
ting a  channel  3,500  feet  long  by  65  feet  wide  an(jl  5  feet  deep  through- 
out its  length. 

The  weather,  together  with  other  difficulties  arising,  hindered  the 
work  so  much  that  the  contractor  failed  to  complete  the  work  here,  sis 
he  intended,  by  the  end  of  June. 

PROBABLE  OPERATIONS  OF  THE  YEAR  ENDING  JUNE  30,  1881. 

Continuation  of  contract  work — dredging  bar — to  the  limit  of  funds 
available  for  the  purpose.  The  expectations  are  that  this  contract  with 
Mr.  Kimball  (the  one  mentioned  as  of  date  June  10,  and  a  later  one  in 
continuation  thereof,  dated  November  14, 1879)  wUl  be  satisfactorily 
closed  prior  to  the  1st  of  August,  1880. 

Attention  is  here  invited  to  the  report  "of  the  result  of  a  resurvey  of 
Trinity  River,  Texas,  jfrom  its  mouth  to  the  bridge  of  the  Great  North- 
ern Railroad,  made  in  accordance  with  the  provisions  of  the  river  and 
harbor  act  of  March  3, 1879.''  (Ex.  Doc.,  No.  135,  Forty-sixth  Congress, 
second  session,  copy  herewith.) 

THE  OIUGINAL  ESTIMATE  (1871-73). 

1.  *Work  at  niontb,  dredging,  and  pile  breakwater $40, OIK)' 

2.  Removing  snags,  &c.,  between  mouth  of  the  river  and  Liberty 6, 000 

Total 46,0(W 

'  *■  Estimate  for  tlredging  (ld73)  $16,581.40. 
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The  amount  appropriated  by  act  of  June  14, 1880,  $4,000,  may  be 
applied  to  dredging  a  navigable  cut  through  the  bar  4^  miles  below  Lib- 
erty, which  may  cost  $2,0^ ;  the  balance  of  the  appropriation  may  be 
res€r\'ed  for  such  work  of  improvement  as  may  hereafter  be  considered 
most  judicious. 

There  is  no  basis  for  estimates  as  to  the  length  of  time  the  cuts  made 
through  the  bar  at  the  mouth  and  the  bar  near  Liberty  will  remain  open 
for  navigation,  or  as  to  cost  of  maintaining  the  river  from  its  mouth  to 
Liberty  in  a  navigable  condition. 

Original  estimat*  (1871-73) $46,000 

Appropriated  (It^O-'dO) 16,5(fc 

Unappropriated  balance 29, 500 

Twenty-nine  thousand  five  hundred  dollars  can  be  profitably  expended 
in  continuing  improvements — dredging  channel,  removing  snags,  &c., 
und  constructing  requisite  protection  work  in  the  next  fiscal  year. 

The  work  is  located  in  the  collection  district  of  Galveston.  Nearest  light* honse, 
K^  Pish  Bar,  Galveston  Harbor. 

STATISTICS. 

« 

Considerable  lumber  is  brought  down  the  river,  but  I  have  not  been 
able  to  obtain  a  statement  thereof. 

Money  statement 

July!,  1879,  anionnt  available fl2,349  92 

Amoant  appropriated  by  act  approved  Jane  14, 1880 4,000  00 

$16,349  92 

July  1, 1880,  amonnt  expended  during  fiscal  vear 345  92 

Jnlyl,  1880,  outstanding  liabilities 5,700  00 

6,045  92 

July  1, 1890,  amount  available 10,304  00 

Amonnt  (estimated)  re(]|aired  for  completion  of  existing  project 29, 500  00 

Amonnt  that  can  be  prohtably  expended  in  fiscal  year  ending  Jiine  30, 1882.    29, 500  00 


kesurvkv  of  trinity  river,  texas,  froi  its  mouth  to  the 
bridge  of  the  great  northern  railroad. 

United  States  Engineer  Office, 

Galveston^  Tex.y  March  20, 1880. 

General  :  I  have  the  honor  to  submit  the  following  report  on  re- 
Rurvey  of  Trinity  River,  Texas,  tjrom  its  mouth  to  the  bridge  of  the  Great 
^^orthem  Railroad. 

This  survey  was  made  in  pursuance  of  the  act  of  Congress  approved 
March  3, 1879,  by  Mr.  W.  L.  Webb,  assistant  engineer,  under  the  imme- 
jliate  supervision  of  Capt.  C.  B.  L.  B.  Davis,  Corps  of  Engineers.  Begun 
i»  September,  1879,  the  field  work  was  completed  in  November. 

The  object  of  the  survey  was  to  determine  the  improvements  necessary 
to  be  made  to  open  the  river  to  navigation,  and  thereby  accommodate 
«^nd  increase  the  commerce  of  the  region  through  which  the  river  runs. 

Mr,  Webb's  report  shows  that  above  Liberty,  the  head  of  tide-water, 
and  41  miles  from  its  mouth,  no  sufficient  improvements  can  be  made 
except  at  a  cost  out  of  all  proportion  to  the  importance  of  the  interests 
to  be  benefited,  the  river  being  a  succession  of  rocky  or  gravel  shoals^ 
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>^itTi  deep  pools  between,  very  tortuous,  with  abrupt  bends,  and  filled  with 
snap's  which  become  waterlogged  and  are  not  carried  off  during  the  high 
stage  of  the  river.  Below,  the  character  of  the  river  changes  entirely. 
Between  Liberty  and  Moss  Bluff  it  varies  in  width  from  200  to  275  feet, 
and  in  depth  from  5  to  30  feet,  with  the  exception  of  a  bar  with  2  feet 
w^ater  over  it  4J  miles  below  Liberty.  Prom  Moss  Bluff  to  the  month  of 
the  liver  it  opens  out  to  500  feet  in  widtli  and  a  depth  of  from  10  to  45 
feet,  free  from  any  obstruction. 

The  river  flows  into  Galveston  Bay  through  four  principal  channels 
And  a  number  of  small  bayous. 

Two  appropriations  have  been  made  for  improving  the  mouth  of  the 
river ;  one  of  $10,000  in  1878-'79,  and  one  of  $2,500  in  1879-'80 ;  and  the 
work  of  deepening  one  of  the  channels  over  the  bar  has  been  put  out  to 
contract,  and  will  soon  be  executed.  There  will  only  remain,  then,  to 
be  done  to  give  5  feet  of  water  at  all  times  to  Liberty,  the  cutting  out 
of  the  bar  4|  miles  below  the  town. 

The  following  estimate  is  given: 

Lengtii  of  cut,  600  feet ;.  average  depth  of  cut,  2  feet ;  cubic  yards  of 
excavation,  3,511. 

This  is  a  small  amount,  and  if  it  could  be  removed  while  the  con- 
tractor has  his  dredge  at  the  mouth  of  the  river,  it  could  be  done  at  a 
small  cost,  say,  50  cents  a  yard,  or  $1,755.50. 

^0  commercial  statistics. 

The  work  is  located  in  the  coHectioii  distrit't  of  On!  veston.    The  iieareHt  lij^ht-lionHf , 
Re^l  Fifth  Bar,  Ualvestou  Harbor. 

Very  respectfully,  your  obedient  servant, 

S.  M.  Mansfield, 
Major  of  Engineers^ 
BvU  lAeut  Col,  U.  iS.  A. 
The  Chief  of  Engineers,  U.  S.  A. 


KEPOKT  OF  MU.    W.   L.    WEBB,   ASSISTANT  KNGINKEU. 

BouvAn  Point,  Tkx.,  Januarif  29,  18e<0. 

Caitain  :  I  have  the  honor  to  submit  the  following  report  on  the  survey  of  tlio 
Trinity  River,  Texas,  from  the  ci'ossing  of  the  International  and  Great  Northern  Rail- 
road to  the  mouth  of  the  river,  made  under  your  direction,  from  September  19  to 
November  8,  1879. 

On  September -25, 1879,  I  arrived  at  Riverside,  Walker  Count}',  the  initial  point  of 
the  survey.  September  27  the  boats  and  snpplies  for  the  survey  were  received,  and 
w6rk  was  begun  on  the  28th.  The  appropriation  for  the  survey  being  small,  only  a 
compass  and  stadia  line  was  ran,  angles  being  measured  fh>m  the  magnetic  meridian. 
The  river  was  at  extreme  low-water  stage,  not  navigable  in  places  for  our  light  skifik 
and  every  obstruction  to  uavication  was  in  full  view.  During  the  survey  the  river 
rose  a  few  inches,  and  then  fell  again  to  about  its  former  stage. 

^September  28,  a  cross-section  was  made  at  the  Ifitiemational  and  Oriait  Northern 
Railroad  bridge,  bnt  the  velocity  was  so  small  and  floats  were  so  mneh  influenced  by 
the  wind  that  the  discharge  could  not  be  determined.  Twelve  miles  below,  the  amount 
of  water  flowing  in  the  river  was  found  to  be  ab<mt  60  cubic  feet  per  second.  Thi« 
amount  was  slightly  increased  lower  down  by  creeks  and  springs. 

GKXCBAL  DK4CRIPTION  OF  THK  RIVRll. 

From  the  crossing  of  the  International  and  Great  Northern  Railroad  the  river  flows 
in  a  southeasterly  oirectian  to  Marianua,  thence  south  by  east  to  its  mouth.  At  tht* 
International  and  Great  Northern  Railroad  bridge  it  is  t^  boundary  between  Walker 
and  Trinity  conn  ties.  Then  it  flows  l)etweeu  Trinity  and  San  Jacinto,  and  Sun 
Jacinto  and  Polk  counties,  then  tlirough  the  center  of  Liberty  County,  anil  through 
Cliambci-s  County  into  Galveston  Bay. 
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The  river  flows  through  a  heavily-timbered  valley  2  or  3  miles  in  width,  bordered 
U  abnipt  blnffH  usually  covered  with  pine  forests.  At  high-water  it  usually  overflows 
olie  of  its  banks,  and  at  places  both.  The  height  of  high -water  above  low- water  at 
The  International  and  Great  Northern  Railroad  bridge  is  44.6  feet.  This  difference  is 
;;ratlually  lessened  at  an  almost  uniform  rate  of  0. 15  foot  per  mile  until  the  head  of 
Tide-wat^r  is  reached  at  Liberty,  high- water  there  being  ^.8  feet  above  low- water. 
From  Lilierty  to  the  month  of  the  river  it  diminishes  at  the  rate  of  0.6  foot  per  mile. 
The  river  usually  iK^gins  to  rise  in  September  and  reaches  its  height  in  February. 
From  Riverside  to  Chalk  Bluff  the  river  is  about  125  feet  wide  and  from  6  inches  to  30 
ft^et  deep,  being  a  succession  of  rocky  and  gravel  shoals  with  deep  currentless  portions 
hotweon.    The  bends  are  large  and  the  banks  are  worn  very  little. 

From  Chalk  Bluff  to  Liberty  the  liver  is  fiom  150  to  250  feet  in  width,  with  the 
^ame  succession  of  deep  portions  and  shoals  as  in  the  upper  part,  the  shoals  being  sand 
<l<-po8its  with  very  short  distances  between.  The  river  is  very  tortuous,  "with  abrupt 
ttends,  exposing  its  banks  alternately  to  the  action  of  the  current.  The  banks  at  higli- 
^ater  are  worn  away  on  one  side  and  built  otit  on  the  other,  and,  as  they  are  covered 
with  timber,  immense  quantities  are  drawn  into  the  river.  Trees  are  undermined  and 
M)oo  fin  the  bends  with  sna^  which  l>ecome  waterloggt^d  and  are  not  carried  off 
•Inriag  the  high  stage  of  the  nver.  Any  inrDrovement  of  this  part  of  the  river  should 
inclmte  the  girdling  or  cutting  away  of  timber  along  the  concave  banks.  There  is  an 
average  of  one  tree  1^  foot  in  diameter  to  every  30  feet  square.  The  concave  banks 
are  almost  vertical,  while  the  opposite  bank  frequently  nas  a  slope  of  1  to  10.  At 
these  bends  the  water  surface  at  loW'Wat«r  is  from  50  feet  to  100  feet  wide. 

Several  cut-ofl's  have  been  formed-  in  this  part  of  the  river,  and  one  is  now  partly 
Jnade.  (See  map,  sheet  No.  4.)  It  is  1,250  feet  in  a  direct  line  ft*om  the  upper  to  the 
l«»w<»rend  of  this  cut-off.  It  leaves  the  channel  aliove  and  comes  into  that  below  ;it 
right  augUts.  The  banks  are  about  20  feet  in  height  above  low-water.  High-watrr 
rises  25.6  feet  above  low-water,  and  5  feet  higher  than  the  bank.  The  channel  of  the 
«ut-off  is  90  feet  wide  at  its  upper  end  and  50  feet  at  the  lower  end,  and  is  a  succession 
of  pools  50  feet  to  75  feet  in  length,  and  15  feet  to  20  feet  deep,  with  narrow  partitions 
«>r  uams  between,  which  are  20  feet  to  25  feet  thick,  measured  in  the  direction  of  the 
<arrent,  and  which  rise  3  feet  to  4  feet  above  low- water.  At  the  time  of  the  survey  no 
^ater  was  flowing  into  the  cut-off,  it  being  separate<]  from  the  nver  by  banks  3  feet 
:ind  6  feet  high  at  its  upper  and  lower  ends,  retrpectively.  Half  a  dozen  trees,  a  foot 
in  diameter,  growing  on  the  bank  at  the  upper  end  prevent  any  drift  fVom  entering 
the  cnt-off. 

Half  a  mile  above  this  cut-oft'  there  is  a  width  of  abont  120  feet  between  two  por- 
tions of  the  river,  which  is  being  constantly  diminished  by  caving  on  each  side. 

At  Lil>erty,  41  miles  above  its  mouth,  the  river  is  affected  by  the  tide  and  changes 
its  character  entirely.  Between  Liberty  and  Moss  Bluft'  it  is  from  200  to  276  feet  in 
*  idth  and  5  feet  to  30  feet  in  depth,  with  the  exception  of  one  place  where  only  2  feet 
«  as  fomul  for  a  distance  of  200  feet.  There  are  few  snags,  the  banks  are  worn  very 
kittle,  antl  uncovered  sand  bars  are  found  only  near  Liberty.  It  however  continues 
^^ry  tortuous. 

»om  Moss  Bluff  to  its  month,  it  is  200  feet  U  500  feet  wide  and  10  feet  to  45  feet 
*W.  a  clear  open  channel  free  from  obstruction  of  every  kind. 

^  At  its  month  the  river  flows  into  Galveston  Bay  through  four  principal  channels, 
•^mthwest,  Middle,  and  Anderson  Passes,  and  the  '^  Canal"  and  a  number  of  small 
^•ayong. 

TOWNS. 

Riverside,  Walker  County,  at  the  crossing  of  the  International  and  Groat  Northern 
I^ilroad.  has  3  stores,  a  cotton-seed-oil  mill  capable  of  producing  50  barrels  of  oil  ])er 
'^»y,  and  3  dwellings.  There  is  a  stone  quarry  here  worked  by  the  International  and 
|*reat  Northern  Railroad  Company,  from  which  a  soft  sandstone,  excellent  for  build- 
'°g  purposes  is  obtained  in  abundance ;  1,056  bales  of  cotton  were  shipped  in  187ti, 
and  about  800  bales  of  the  crop  of  1879  will  be  shipped,  all  of  it  going  by  way  of  the 
international  and  Great  Northern  Railroad.  An  average  of  1,000,000  feet,  board 
uieasure,  of  lumber  is  shipped  per  month  from  a  saw-mill  1^  miles  north  of  Riverside. 
No  steamboat  has  been  at  this  place  since  1870. 

Newport,  Walker  County,  on  the  west  bank  of  the  river,  2^  miles  below  Riverside, 
iiat  a  store  and  2  dwelling-houses.    There  is  a  public  ferry  here. 

The  site  of  Sevastopol  is  marked  by  the  ruins  of  a  warehouse. 

.  In  January,  1878,  the  steamer  Wren  went  up  to  Ryan's  Ferry,  17  miles  below  River- 
side, and  t4iok  off  a  IomI  of  cotton.  No  steamboat  has  been  that  high  up  since.  In 
I'^O,  €00  bales  of  cotton  were  carried  down  the  river  without  steam  power,  on  a  barge 
l>uilt  at  the  ferry. 

Swartwont,  Polk  County,  on  the  east  bank  of  the  river,  has  4  dwell  iug-houBcs.  No 
hnsiness  is  done  here. 

Mariaiina,  Polk  County,  75  miles  below  Riverside  and  82  miles  above  Liberty,  has  3 


• 


• 
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^to^e8,  a  school-honse  and  warehonise,  and  5  reHideJices.  While  Mtenmboats  were  nav- 
igating the  liver  it  was  the  most  important  i)hi<re  above  Liberty.  In  1879,  75  balcK  of 
cotton  were  floated  down  the  river  on  a  t]at-l>oat.  The  8teunier  Van  Bnskirk  made 
two  trips  to  tliis  place,  one  in  January  and  another  in  April,  1879,  taking  otf  450  bales 
of  cotton.  On  the  first  trip  she  was  detained  one  month,  and  on  the  8ec4>nd  twd 
months,  by  the  falling  of  the  river.  The  Houston,  East  and  West  Texas  Narrow-gange 
Railroad,  now  under  construction,  crosses  the  Trinity  River  4^  miles  above  Marianua. 
It  will  be  completed  to  Goodwich,  7  miles  uoith  of  Mananna,  by  July  1,  1880,  and 
will  carry  off  all  the  cotton  from  that  vicinity,  as  farmers  have  to  sell  as  early  as  pos- 
sible and  cannot  depend  upon  a  rise  in  the  liver. 

Liberty,  county  seat  of  JLiberty  County,  1  mile  west  of  the  river  and  41  miles  above 
its  month,  on  the  Texas  and  New  Orleans  Railroad,  is  by  far  the  most  important  place 
on  the  river.  It  has  300  inhabitants,  9  stores,  ana  is  surrounded  by  a  thickly  settleil 
country.  An  average  of  1,500  bales  of  cotton  is  shippeil  per  annum  over  the  railroad, 
all  of  which  would  go  by  boats  if  the  river  were  free  from  obstruction.  Sugar-cane 
is  raised  in  small  quantities,  and  6  or  8  small  sugar-mills  in  the  vicinity  supply  the 
surrounding  country  with  sugar  and  molasses.  It  Is  the  head  of  tide- water,  and  the 
river  is  usually  navigable  to  this  place  from  October  1  to  June  1,  if  l)oats  could  get 
over  the  bar  at  at  the  month  of  the  river. 

Moss  Bluff,  21  miles  below  Liberty,  has  a  store  and  post-office  and  2  dwellings,  and 
ships  100  bales  of  cotttin  per  annum  down  the  river  on  schoonei'S.  These  $ch(K>nei's 
also  carry  cord-wood  and  lumber  from  above  and  below  Moss  lUnlt*. 

Wallisville,  the  county  seat  of  Chambers  County,  6  miles  above  the  month  of  tlie 
river,  has  2  stores,  a  post-oifice,  and  steam  cotton  gin,  and  about  *i(X)  inhabitants. 
About  300  bales  of  cotton  are  shipped  per  annum  i>er  schooners. 

The  products  of  the  valley  and  ai^acent  country  are  cotton,  com,  sugar-cane,  and 
lumber.  Cotton  receives  more  attention  than  any  other  crop,  and  is  cuTtivHted  with 
success.  Near  the  mouth  of  the  river  sea-island  cotton  is  producetl.  The  valley  i« 
covered  with  forests  of  oak,  ginn,  walnut,  cypress,  and  other  timbt^r,  and  the  a<JUacoiit 
hills  are  covered  with  pine.  Fii'st-class  building  stone  is  found  in  the  vicinity  of  Riv- 
erside. 

The  chief  exports  of  the  valley  are  cotton,  cord>wood,  and  lumber.  The  cane  used 
in  the  gabionnade  now  under  construction  at  the  entrance  to  Galveston  Harltor  is  ob- 
tained from  the  banks  of  the  Trinity  and  transporter!  to  l^livar  Point  in  schooners. 

One  st-eamboat  was  engaged  in  the  river  trade  in  1879,  but  is  not  cxpect-e<l  to  re- 
sume the  trade  in  1880. 

IMPItOVKMENTS. 

* 

Below  Liberty  the  only  improvementii  needed  to  pro<luce  a  channel  75  feet  wide  and 
5  feet  deep  at  low  tide  are  the  dredging  of  a  sand  bar  4^  miles  below  Liberty  and  the 
bar  at  the  mouth  of  the  river  and  the  removal  of  about  30  snags. 
The  estimates  of  material  to  be  excavated  are : 

For  the  aand  bar, — ^Leng^h  of  cut,  600  feet ;  average  depth,  2.0  feet ;  cubic  yards  of 
excavation,  3,511. 

For  the  mouth  oftht  Middle  Paw, — Length  of  cnt,  2,200  feet ;  average  depth,  1.7  feet : 
cubic  yards  of  excavation,  9,719. 

Above  Liberty  the  improvements  will  consist  of  removing  snags  and  cutting  down 
or  girdling  trees  on  the  concave  banks.    The  snags  will  average  25  per  mile,  and  the 
trees  on  the  bank  1  tree  to  30  feet  s<)uare. 
RespectfuUv, 

W.  L.  ^yEBB, 

A HHiitta n  t  Engint  er. 
Capt.  C.  E.  L.  B.  Davis, 

Corj}if  of  JCngineerSj  U.S.  A. 


N  0, 

IMPROVING  CHANNEL  OVER  BAR  AT  MOUTH  OF  BRAZOS  RIVER,  TEXAS. 

Report  of  Chief  of  Engineers  for  1875,  Appendix  S  8,  pp.  920-941, 
describes  the  entrance  and  gives  plans  and  estimates  for  the  improve- 
ment of  the  channel  over  bar. 

The  Brazos  River  debonches  into  the  Gulf  of  Mexico  through  a  single  natural 
outlet.     •     •     • 
The  river  i)reserves  a  nearly  uniform  width  and  depth  from  the  coast  for  several 
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mil«8  np  stream,  the  width  averagiDg  from  500  to  600  feet,  the  depth  from  15  to  18 

Tlie  bed  of  the  river  is  soft  mud ;  the  banks,  except  at  a  few  points,  are  above  over- 
dow. 
At  the  month  a  bar  has  been  formed,  composed  of  sand  overlying  a  bed  of  blue  clay 

in  position. 

•  •  «  j»  *  »  » 

The  crest  of  the  bar  is  about  three-ei|rhths  of  a  mile  from  the  shore  line.    *    •     * 
The  depth  of  water  available  for  crossing  is  ordinaril;  between  7  and  8  feet.     *    *    ^ 

KBCOMMBNDATIONS. 

Constroction  of  two  jetties  starting  from  the  headlands  at  the  moath 
of  the  river,  following  the  sides  of  the  natural  channel  across  the  bar, 
and  converging  so  as  to  give  an  opening  between  their  heads  on  the 
crest  of  the  bar  of  aboat  400  feet.  The  greatest  length  to  be  given  each 
jetty,  five-eighths  of  a  mile. 

APPKOXIMATE  ESTIMATE. 

Palmetto  piles,  1  foot  diameter,  15  feet  long 6,000 

Palmetto  piles,  I  foot  diameter,  30  feet  long 4,000 

Linear  feet  yellow-pine  stringer9,  8  by  13  inches 8,000 

Linear  feet  vellow-pine  anchor-piles,  8  by  12  inches : 14, 000^ 

l-'ubic  Yards' stone 20,000- 

Cubic  yards  fascines 20,000 

Pounds  bolts 30,000 

Total  cost,  |-W6,484. 

EFFECTS  TO  BE  CAUSED  BY  THE  JETTIES. 

l8t.  Concentration  of  river-discharge  directly  on  the  bar,  with  in- 
creased velocity  of  current,  causing  erosion  of  a  deeper  channel. 

Ud.  Deepening  of  river-bed  for  several  miles  above  the  bar. 

3d.  The  accumulation  of  sand  behind  the  jetties,  thereby  extending 
tlie  headlands  at  the  river's  mouth. 

4th.  A  slow  extension  of  the  bar  gtilfward,  necessitating  in  the  course 
of  time  an  extension  of  the  jetties. 

In  addition  to  the  estimate  of  $286,484,  as  above  given,  attention  is 
invited  to  Report  of  Chief  of  Engineers,  pp.  938-946,  1879. 

The  first  appropriation  for  this  point,  applicable  to  improving  channef 
over  bar  at  mouth  of  Brazos  River,  Texas,  including  a  report  upon  the 
capacity  of  the  harbor  at  the  mouth  of  the  Brazos  and  its  adaptability 
as  a  harbor  of  refuge  and  naval  station,  $40,000,  was  made  by  act  of 
Congress  approved  June  14, 1880. 

PROBABLE  OPEEATIONS  OF  THE  YEAE  1880-'81. 

The  report  upon  the  capacity  of  the  harbor  and  its  adaptability  as  a 
liarbor  of  refuge  and  naval  station  will  be  rendered  immediately  after 
the  examination,  &c.,  necessary  is  made. 

Actual  work — improvement  of  the  harbor — will  commence  early  this 
fall,  and  an  excellent  beginning  can  be  made  here  with  the  funds  now 
made  available. 

^rigimj  estimate  (incomplete) $286,484 

-^IJpropriated • 40,000 

Unappropriated  balance 246,484 

Of  which  amount  $100,000  can  be  profitably  expended  in  constrcctic^ 
jetties  daring  the  fiscal  year  ending  June  30, 1882. 
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The  work  is  not  considered  as  sn8cei>tible  of  i>eniianent  oompletion, 
and  estimates  will  vary  accordingly. 

It  is  locAted  in  the  collection  district  of  Galveston,  and  the  nearest  light  house  is  at 
«ntraTice  to  Galveston  Harbor. 


i 


Money  statement. 


Amount  appropriated  by  act  approved  Jtme  14,  18S0 |40, 000  0() 

July  1,  18«0,  amount  available 40,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 246, 484  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  100, 000  00 


N  7. 

IMPROVEMENT  OF  PASS  CAVALLO  INLET  TO  MATAGORDA  BAY,  TEXAS. 

First  survey  made  in  1871 ;  report  rendered  May  3, 1871. 

Second  survey,  ^^  at  the  entrance  of  Matagorda  Bay  and  the  channel 
to  Indianola,  Tex.,"  was  made  in  1873,  and  report  forwarded  Februan^ 
4, 1874 ;  recommendations^  &c.,  for  a  system  of  training  walls  «nd  jet- 
ties (gabion  structure),  to  insure  a  single  channel  across  the  bar  with  a 
depth  of  18  or  20  feet,  and  a  width  of  from  500  to  1,000  feet.  Estimate, 
♦715,315. 

Appropriated,  August  14,  1876 $20,000 

Appropriated,  June  16,  1878 25,000 

Be-examination  of  tlie  pass  was  made  between  August  21  and  Sep- 
tember 23.  187B;  from  report  of  which  the  officer  in  charge  concluded. 
April  12,  1870,  to  recommend  that  the  subject  of  improvement  of  this 
pass  (with  the  funds,  available,  $70,000)  be  laid  before  a  Boaid  of  En- 
gineers. Beport  of  Board  (convened  by  Special  Order  Ko.  63,  head- 
quarters Corps  of  Engineers,  1879)  recommends : 

1.  Construction  of  one  jetty,  starting  from  the  head  of  Matagorda 
Island  and  running  in  a  southeasterly  direction ;  and, 

2.  For  construction  of  groins  to  protect  the  shores  where  protection 
becomes  necessary. 

Object  of  jetty,  to  obtain  a  depth  of  12  feet  over  the  bar. 

l^STIMATK. 

Jetty  IjlHK)  feet,  6  feet  higli,  7i  feet  wide  at  t0T>,  at|36 $36,000 

Jetty  6,550  feet,  10  fiM*t  high,  20  feet  wide  at  t^p,  at  $100 656,000 

691,000 
<'ontingencie8, 10  per  ccjnt 69, 1'W 

Totol „ 760,100 

Groimtfor  thore  proieetion, 

5,400  feet  on  shore,  at$:? |l6,fiO0 

6, 600  feet,  at  $36 237,600 

253,800 
■Coutingencies,  10  per  cent 25,380 

Total 279,lt<0 

8ee  report  of  Board  of  Engiiieen)  for  lt<79,  publidhed  herewith. 
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PB06BE8S  3IADE  DURING  THE  YBAB  ENDING  JUNE  30,  1880. 

Prepariug  for  tbe  conduct  of  the  work  ontlined  by  the  Board  of  Kn- 
pueers,  under  the  several  appropriations  given — 

AugBBt  14,  1W6 $20,000 

June  18,  1878 25,000 

March  3, 1879 .• 25,000 

Jane  14, 1880 50,000 

Aggregate .' 120,000 

PROPOSED  OPERATIONS  FOB  THE   YEAR  188(M81. 

Construction  of  works  in  the  manner  planned  by  the  Engineer  Board, 
to  the  extent  of  available  funds,  by  contract,  after  inviting  proposals  in 
the  usual  manner. 

(Wginal  estimate  (1879) $1,039, 180 

Appropriated  (187tf-^80) 120,000 

rnappropriated  balance 919,  IHO 

Of  w.bich  sum  (200^000  can  be  profitably  expended  during  the  year^ 
iu  constructing  the  works  of  improvement  projected. 

The  vork  is  located  iu  the  colleotioi]  district  of  Indiauola,  Tex.,  and  near  Matagorda 
light-house. 

Mofwy  statement 


Jnlyl,  1879,  amonnt  available $67,668  59 

Anioant  appropriated  bv  aot  approved  Jnne  14,  1880 60, 000  00 

$117,  (MJ8  59 

Jaly  1, 18c0,  amoivil  expended  during  fiscal  year 53^  79 


Jnlyl,  1880,  amount  available 117,131  80    . 

"^7180  00 

1882,     200,000  00 


Amonnt  (estimateil)  recjnired  for  oowplotion  of  existiuff  project 919, 180'  00 

Amount  that  c:an  be  xirohtably  expended  in  fiscal  year  ending  June  30, 


H  & 

IMPBOVEMENT  OF  AKA^'SAS  PASS  AND  BAY  UP  TO  ROCKPORT  AND  COR- 
PUS CHRISTI,  TEXAS. 

In  1871  survey  was  made,  report  of  which  was  rendered  Ajiril  1^ 

1871. 

In  1878  a  "  survey  of  Aransas  Pass  and  Bay  up  to  Bockport  and  Cor- 
pus Christi  Pass  and  Channel"  was  made.  Plans  and  estimates  for  im- 
provement were  rendered  February  1, 1879. 

Kstimato  (for  outer  bar  and  proteetion  of  Mustang  laland) $18n,  845  OO 

i'^imate  (for  inside  vork,  dam,  dredging,  &c.) 441, 5^  7i> 

Appropriated  March  3,  1879 35,000  00 

The  subject  of  the  improvement  of  this  pass  and  bay  was  referred  to 
a  Board  of  Engineers,  and  their  report,  dated  August  9, 1879,  publishetl 
herewith,  gives  all  attainable  information.  They  submit  projects  and 
<^timates  as  follows : 

Parallel  jetties  from  the  south  end  of  Saint  Joseph's  Island  and  the 
north  end  of  Mustang  Island,  contracting  width  of  water-way,  and  car- 
ried out  a  sufficient  distance  to  attbrd  a  draught  of  12  feet  at  mean  low- 


1246  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

water  over  the  bar,  aud  of  groins  for  the  protection  of  the  head  of 
Mustang  Island  np  to  and  beyond  Turtle  Gove,  in  conjunction  with  a 
beach-flooring  of  mattresses. 

ESTIMATES. 

For  the  Piun. 

North  jetty |a44,000 

South  jetty ^ 293,960 

Groins 26,400 

Shore  protection 24,000 

Oontingencies,  10  per  cent 6ti,83ri 

Planting  trees  on  Saint  Joseph's  Island 2,000 

Aggregate 759,185 

For  the  Bay, 
(Major  Ho  weirs  report,  1879 $441,537  75) 

PROGRESS  HADE  DURING  TEAR  ENDING  JUNE   30,  1880. 

Preliminary  meisur^s  for  the  conduct  of  the  work  of  improvement,  as 
outlined  by  the  Board  of  Eagineers,  were  takea  early  ia  April,  and  dar- 
ing May  and  June  the  work  proceeded  fairly  satisfactorily. 

The  principal  hinderance  to  rapid  progress  was  the  delay  experienced 
in  procariug  material,  owing  to  the  general  bad  weather  along  the  coast 
and  the  nnusaally  high  stage  of  water  at  the  pass  and  in  the  bay.  Pre- 
paratory arrangements  for  the  constant  supply  of  stone,  brush,  &c.,  to 
"be  furnished  were  made,  and  now  that  accommodations  are  in  complete 
order  for  the  working-force  it  is  expected  that  work  upon  the  improve- 
ment of  the  pass  will  proceed  rapidly  to  the  exhaustion  of  funds  avail- 
able for  expenditure— appropriation  of  1879 — in  doing  work  by  hired 
labor  and  purchasing  materials  in  open  market. 

There  were  constructed  two  frame  buildings,  viz,  one  lodging  and 
boarding  house  (tor  the  employes)  and  one  office  (for  use  of  assistant 
in  charge),  also  the  necessary  accessiories  required. 

On  June  17  the  work  on  Harbor  Island  jetty  was  commenced,  mat- 
tresses constructed  in  »itu  in  shallow  water  (18  to  24  to  30  inches  where 
they  are  to  remain),  from  thence  out  into  deep  water ;  mattresses  to  be 
placed  in  regular  manner,  viz,  constructed  on  platform,  launched,  towed 
to  place,  and  then  sunk  as  required. 

A  forming  platform  for  construction  is  well  under  way  and  will  be 
ready  for  work  the  early  part  of  July. 

PROBABLE  OPERATIONS  OF  THE  YEAR  ENDING  JUNE  30,  1881. 

Continuation  of  work  in  accordance  with  the  views  expressed  by  the 
Board  of  Engineers,  the  method  of  procedure,  &c.^  being  subject  to 
^^  approved  modifications''  during  the  continuance  of  the  work. 

The  $35,000  appropriated  in  1879  will  be  exhausted  in  work  done  by 
hired  labor  and  purchase  of  material  in  open  market. 

The  $65,000  appropriated  in  1S80  will  be  applied  to  continuing  work 
by  contract  after  inviting  proposals  in  the  usual  way. 

Original  estimate  (1879) $1,200,722  75 

Appropriated (187i>-'80) lOOjOO  (W 

Total 1,100,722  75 
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Of  this  amount  ^200,000  can  be  very  profitably  expended  in  the  fiscal 
jear  ending  Jane  30, 1882,  in  constructing  jetties,  &c.,  in  accordance 
with  approved  plans  for  the  improvement  of  the  pass. 

STATISTICS. 

The  letter  of  June  30, 1880,  with  aecompanying  papers,  1  to  7  inclu- 
sive, from  Col.  Thomas  S.  Sedgwick,  my  assistant  in  immediate  charge 
of  the  work  of  improvement  at  Aransas  Pass,  is  given  herewith ;  also 
attached  hereto  is  a  copy  of  a  letter  of  recent  date  (June,  1880)  re- 
ceived from  Mr.  O.  W.  Fulton. 

The  work  is  located  in  tlie  collection  district  of  Coq)iis  Christ!,  and  the  nearest  light- 
hwi'v  is  at  Aransas  Poms. 

Money  statement 

•July  I,  1879,  amount  available $35,000  00 

Affloant  appropriated  by  act  approved  June  14,  IBcjO 65, 000  00 

$100, 000  00 

July  1, 1880,  amonnt  expended  during  fiscal  year 5, 694  99 

Julyl,  18«),  outstanding  liabilities 2,000  00 

7,694  99 


July  1,  1880,  amount  available 92,305  01 

1,100,722  75 

1882.     200, 000  00 


Amount  (estimated)  reuuired  for  completion  of  existing  project 1, 100,722  75 

Anionut  that  can  be  profitably  expended  m  tiscal  year  ending  June  30, 


(••MMKRCIAL    STATISTICS,    ETC. — «El»OUT    OF    MR.    THOMAS    8.    SKIKSWICK,   ASSISTANT 
•  KNGINKER. 

Aransas  IUss,  Texas,  June  30,  1880. 

^ir:  I  have  the  honor  to  tninsmit  the  following  tables  of  statistics  of  commerce  and 
trade  of  the  bays  entered  from  this  pass  and  the  towns  thereon : 

Cr)RPr8  ClIRISTI   (T'STOM-IIOUSE. 

1.  Statement  of  arrival  of  vessels. 

*2.  Statement  of  entries  of  vessels  and  tonnage  inside. 

•^.  Statement  of  vessels  entered  and  cleared  via  Pass. 

4.  Shipments  and  receipts  over  Corpus  Christi  Wharf  Company  *s  Wharf. 

-V  'Shipment  of  cattle  by  Coleman  &.  Fulton  at  Rockport. 

^.  Pmducts  shipped  byBoston  Beef-Packhig  Company,  Fulton. 

7.  Arrival  and  aepai*tures  at  Aransas  Pass,  and  average  stage  of  water. 

The  statement  of  Mr.  E.  F.  Mercer  is  very  interesting  as  showing  the  average  stage 
'>f  water  on  the  bar  for  each  month  for  the  last  five  years,  and  his  remarks  in  reganl 
^<>  the  character  of  vessels  aiTiving  and  departing  as  the  water  on  the  bar  decreased. 
FroDi  November,  1879,  to  June,  iMtJO,  inclusive,  tliere  have  been  no  arrivals  of  steam- 
^1^  regularly  in  trade,  those  arriving  and  departing;  in  February'  and  March  being  an 
"  Acrasionai  "  regular  steamship  and  a  steam  combined  four-masted  schooner  (the  Sid- 
^•un)  hnilt  for  this  special  trade,  now  runniiig,  classed  as  sail. 

^tstement  No.  1  shows  a  great  falling  otTofarrivals  via  the  Pass,  and  a  correspond* 
■"K  increase  of  arrivals  from  inside  coastwise  waters. 

^tat«ment  No.  2  shows  the  greatly  increased  luisiness  for  inside  ports  from  4  entries 
a«<l  no  clearances  in  187ri  to  141  entries  and  62  Mearances  in  1879. 

^t.iti-ment  No.  3  shows  a  decrease  of  tounage  from  70,768  tons  in  1877  to  47,729  in 
^•7h,  aiift  t4j  3^276  in  1879,  a  decrease  of  95  per  cent,  in  two  years  in  both  entries  and 
'  '»'arsnce8. 

statement  No.  2  shows  the  corresponding  incretise. 

•**tatement  No.  4,  with  letter  of  Mr.  Doddridge,  explains  that  the  change  of  tonnage 
•hhI  rhamcter  of  vesstds,  as  stated  by  Pilot  Mercer,  has  cost  the  commerce  of  Corpus 
<^  hri.Hti  alone  $65,000  for  the  past  year. 

Matement  No.  5  shows  that  the  business  of  Coleman  &  Fulton  has  gradually  dc- 
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creased  to  1877^  and  is  now  suspended  from  this  x>ort.    Rockport  Ih  almost  deserted  iu 
busiuess. 

Statement.  No.  6  shows  the  effect  on  the  industries  established  here  nnder  the  most 
favorable  circumstanees.  It  is  doubtiiil  whethei'  the  Boston  Beet-Packing  and  Can- 
ning Company  will  resume  operations  until  there  is  an  increased  depth  of  water  ou 
the  oar. 

Statement  No.  7  shows  that  while  the  depth  of  water  on  the  bar  was  8  feet  and  mort«, 
the  average  arrivals  of  steam  vessels  was  6,  7,  or  8  per  montli — about  two  each  week. 
indicating  the  regnlar  demand  for  st^^am  transportation.  You  will  further  observt* 
that  as  the  bar  shoaled  to  a  depth  below  8  feet  there  was  a  marked  failing  off  of  busi- 
ness i)er  steam  vessels.  They  seemed  loth  to  abandon  the  trade,  and  held  on  while 
there  were  7|  and  7  feet  of  wat^r,  evidently  hoping  for  some  favorable  change  on  tli»' 
bar. 

This  feature  is  instructive,  as  showing  that  8  fe^t  of  water  on  the  bar  has  been  suf- 
ficient for  the  demands  of  commerce.  » 

The  greater  number  of  arrivals  and  departures  of  steam  vessels  during  the  months 
of  September,  October,  November,  and  December,  1877,  indicate  a  promised  and  in- 
creased commerce  for  these  bays,  which  was  disappointed  because  of  the  shoaling  of 
the  bar  to  7^  feet. 

The  increase  of  water  on  the  bar  from  8|  to  11  feet  was  caused  by  a  severe  nortli- 
wester  that  blew  on  the  16th  of  September,  1875,  accompanied  with  such  heavy  rain- 
fall that  a  fire  could  not  be  kept  up  in  a  common  fire-place. 

The  channel  then  made  held  about  the  same  relative  position  with  the  north  end  of 
Mnst«ng  Island  as  does  the  present  one. 

I  am,  very  respectfully,  your  obedient  servant, 

Thomas  S.  Skugwuk, 

A  nnhta u  t  Kuffitfecr. 

Maj.  S.  M*  Mansfikld, 

( 'orps  of  EnginwrH,  ^ 


List  of  arrivaU  of  resneh  at  port  of  Corpus  Ckristiy   Tdjjr.,  from  January ^  1876,  to  Jhm, 

1880,  inclvaite. 


Total  lor  year. 

1876 

1877 

1878 

1879 

1880 

Total 

^^'SJ'p.i""'    I^'nii^'We. 


Ko.    Tonnage. 


177 

187 

68 


166        51. 557 
188  ;      75. 065 


48,257 

7,867 

11,351 


726  I     IM,  097   2, 004        33, 784 


Tonnage. 


5,093 
6.745 
6,609  ! 
10,468 
4,874 


Reniarka. 


Old}'  for  six  moot  ha. 


Statement  of  vessels  and  their  tonnage  entered  and  cleared  at  Corpus  ChrUtti,  Tex, ^  for  itiifidt 

ports f  from  January ^  1876,  to  June,  1880,  inclusive. 


TotHl  for  year. 


Entered. 


Cleared. 


KemarkB. 


Xo.  .Tonnage.,  Xo.    Tonnage. 


1876 
1877 
1878 
1K79 
1880 


5 


80 


80 


4 

141 
74 


62 
3,025 
1,813 


62 
26 


I- 


No  tranMU'.tions. 
Xo  clearances 
1,240 
652     Oidy  for  nix  moiitliif 


Total 224 


4,080  ,      93 


1.972 
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Sl^fment  of  vewels  and  their  tonnage  entered  and  cleared  at  Corpus  Chi-iatiy  Tex.,  via 
Aransas  Pass,  from  January,  1876,  to  June,  1880,  inclusive. 


Total  for 

year. 

Eotered. 

CI 

No. 

eared. 

Remarks. 

No. 

Tonnage. 

46, 401 

70,768 

47,729 

3,276 

9,005 

Tonnage. 

1W6 

1«7 

"",.', 

69 
100 
79 
61 
32 

70 
84 
57 
34 
9 

• 

47, 415 

66,882 

35,346 

2,325 

6,718 

187H 

li»79 

IsW) - 

Only  for  six  months. 

Total 

341  !     177.179 

254 

148,686 

LETTER  OF  COFft>US  CHRI8TI   WHARF  AND  WAREHOUSE  COMPANY. 

Corpus  Christi,  Tkx.,  June  28,  1880. 

Dear  Sir  :  I  herewith  inclose  you  a  statement  of  receipts  and  shipments  over  our 
wharvee  for  the  last  year. 

Before  the  closing  of  Aransas  Bar  all  this  freight  came  and  went  by  that  route,  but, 
owing  to  the  closing  of  the  bar,  most  of  it  now  goes  by  lighters  through  the  bays  to 
Indianola  for  shipment,  at  an  additional  cost  to  the  producer  and  consumer  of  about 
13  cents  per  100  pounds,  say  |3  per  ton  on  the  whole,  as  what  few  vessels  now  cross 
the  bar  are  of  light  draught  and  small  carrying  capacity,  and  charge  a  much  higher 
rate  of  freight  than  we  formerly  had  while  the  bar  was  open  and  we  could  get  a  larger' 
clasH  of  vessels  and  steamers  in. 

The  rat-es  of  lighterage  since  I  gave  a  former  report  to  Hon.  C.  Upson,  M.  C,  from 
oar  district,  have  been  reduced,  so  that  we  now  pay  15  cents  per  100  pounds  instead  of 
*i3  cents  at  that  time.  ^ 

I  estimate  the  actual  extra  expense  for  this  year,  for  above  reasons,  at  about  $65,000 
for  goods  shipped  to  and  from  Corpus  Christi. 
Yours,  respectfully, 

.  P.  Doddridge, 
Treasurer  Corpus  Christi  Wharf  and  Warehouse  Company, 

Col.  Thos.  S.  Sedgwick. 


ceipfo  and  shipments  over  the  tcharres  of  Corpus  Christi,  Tex,,  from  July  1, 1879,  to  June 

28,  1880. 


Articles. 


Quantity. 


BRiPiaurre. 

wool '. pounds.. 

Hides,  groen  salted : number.. 

Bone* tons.. 

Kliw^dry pounds.. 

gieep : head.. 

Jid«,dry number.. 

^Uu pounds.. 

Hovae-balr do 

TaUow -. barrels.. 

RBCEIPTB. 

merchandise barrels.. 

Lomber feet., 

bhinglen number . . 


6,500,000 

1,700 

154 

177,000 

800 

06,000 

792,000 

42,000 

S5 


120,000 
4,500,000 
]«  500, 000 


P.  DODDRIDOB, 

Treasurer  Corpus  Christi  Wharf  and  Warehouse  Company, 


LETTER  OF  MESSRS.  COLEMAN  A  FULTOK. 


RocKPORT,  Tex.,  June  30,  1880. 

Sir:  In  accordance  with  your  request  we  hand  you  herewith  the  total  number  of 
<^ttl6  shipped  from  this  port  for  New  Orleans.  This  constitutes  about  one-third  of  our 
entire  shipments,  the  balance  having  been  shipped  from  Indianola,  principally  to  Cuba. 

79  £ 
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From  this  port  for  New  Orleans,  say — 

Head, 

1873 «3,000 

1874 26,000 

1875 21,600 

1876 18,300 

1877  15,700 

Total 104,600 

In  1878  a  yery  few  cattle  were  shipped— only  one  load — and  since  then  we  have  been 
completely  shnt  in  from  the  world  in  consequence  of  the  closing  of  the  bar. 
Yonrs,  truly, 

Coleman  ^  Fulton. 
Col.  Thos.  S.  Sedgwick. 


LETTER  OP  boston  BEEF-PACKING  COMPANY. 

Fulton,  Tex.,  June  25,  1880. 

Colonel:  By  request  of  CoL  G.  W.  Fulton  we  inclose  herewith  statement  showing 
the  amount  of  our  exports  and  imports  and  the  effect  of  the  shoaling  of  Aransas  Pass 
Bar  on  our  business. 

Very  respectfully, 

Boston  Beef-Packing  Company, 
G.  M.  Cox. 
Col.  Thos.  Sedgwick. 

Statement  of  production  of  Boston  Beef-Packing  Company  at  FultoHf  Aransas  Counhfy  TexaSy 

for  the  season  of  1879-'80,  exported  through  Aransas  Pass, 


Articles. 


Quantity. 


Hides ponnds. 

Calf-Bkins do... 

Tallow do... 

Beef  (in  tin) do... 

Tonffue  (in  tin) do... 

Ifeat'B-foot  oil do... 

Blood do... 

Bethes do... 

HooCb do... 


1,246,200 

8,526 

1, 142, 350 

2, 492, 400 

31,155 

12,800 

83,080 

35,300 

20,770 


Articles. 


Quantity. 


Shin-bones pounds.. 

Knnckles do. . . . 

Hair do 

Tankings do 

Total 

Horns number . . 


40,848 

28,039 

8.630 

830,800 


5,  GM,  807 


41,540 


The  cost  of  freight  and  extra  charges  (necessitated  by  indirect  communication), 
the  excess  of  what  we  paid  during  the  season  of  1877  and  1878,  has  been  about  $20,000, 
and  in  addition  thereto  we  have  had  to  build  extra  warehouses  for  the  storage  of 
coarse  products,  the  profit  on  which  will  not  admit  of  the  payment  of  heavy  freights 
caused  by  the  shoaling  of  the  bar. 

We  have  now  on  hand  over  a  miUion  pounds  of  fertilizers,  &c.,  awaiting  favorable 
charter. 

Our  imports  of  supplies  for  the  season  amounted  to  about  2,500,000  pounds. 


LETTER  OF  MR.  ED.   T.   MERCER,  BRANCH  PILOT,   ARANSAS  BAR. 

.  Aransas  Pass,  Texas,  June  30, 1880. 

I  have  the  pleasure  to  hand  you  herewith  a  statement  of  the  arrivals  and  departures 
over  this  bar  for  the  last  five  years,  together  with  the  average  depth  of  water  during 
that  time,  taken  from  log-book  kept  at  this  station. 

I  respectfully  direct  your  attention  to  the  difference  of  tonnage  at  the  time  the  bar 
afforded  from  8  feet  and  upwards  and  then  when  the  bar  shoaled  to  7^  feet. 

When  we  had  from  8  to  10  feet,  the  steamships  were  of  the  Morgan  line,  and  others, 
carrying  from  3,000  to  5,000  barrels  of  merchandise,  inward  and  outward,  full  cargoes 
of  wool,  hides,  canned  meats,  and  live-stock,  drawing  from  8  to  9  feet;  the  said  ves- 
sels trading  from  Kew  York,  Boston,  Philadelphia,  and  ot^er  ports,  were  from  200  to 
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^%J0  tons,  caiTying  cargoes  of  merchandise  inward  on  draft  of  from  8  to  10  feet,  and 
fall  cai^oes  outward  on  8  to  9  feet;  also  a  number  of  large  sailing  vessels  employed 
in  the  mmber  trade  on  draft  of  8  to  9  feet. 

When  the  bar  shoaled  to  7^  feet,  the  large  steamships  and  sailing  vessels  were  com- 
pelled to  haul  off  from  the  trade,  and  ones  of  lighter  draft  were  used  until  the  bar 
«hoaled  to  6  feet,  when  all  the  steamships  hauled  off  also  the  sailing  vessels,  only 
tho«e  of  very  light  draft,  of  the  capacity  of  300  to  1,000  barrels. 

The  lumber  trade  was  changed  to  small  coasters  of  from  20,000  to  70,000  feet  capac- 
ity, and  the  bar  at  the  present  time  can  be  crossed  only  when  very  smooth. 
Yours,  respectfully, 

£d.  T.  Mercer, 
Branch  Pilots  Aransas  Bar. 
Col.  Thos.  S.  Sedgwick, 

Astuftant  JSnginear. 
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LETTER  OF  MR.   G.   W.   FULTON. 

Fulton,  Tex.,  June  — ,  1880. 

Dear  Sir  :  The  interest  evinced  by  vou  in  yoar  favor  of  11th  instant  for  the  snccess- 
fal  prosecntiou  of  the  improvement  of  Aransas  Pass,  now  under  yonr  charge,  induces 
me  to  lay  before  you  my  views  of  the  importance  of  that  work  with  regard  to  local  as 
well  as  national  interests. 

in  the  years  1837-'38  and  '39,  in  the  two  latter  as  collector  of  customs  for  this  dis- 
trict under  the  Republic  of  Texas,  I  became  intimately  acquainted  with  its  condition 
at  that  time,  when  vessels  drawing  12  to  14  feet  passed  over  safely,  and  became  fully 
convinced  of  its  future  importance  to  the  commerce  of  a  large  area  of  country  then 
almost  uninhabited,  and  the  land,  except  along  river  and  bay  fronts,  exclusively  the 
property  of  the  State.  Now  there  is  scarcely  an  acre  of  public  land  witbin  an  aroa  of 
200  miles  from  this  point  as  a  center,  and  the  country  is  rapidly  settling  beyond  toward 
the  Upper  Bio  Grande,  which,  from  its  mouth  io  latitude  26^  to  a  point  due  west  from 
here  in  latitude  28^,  does  not  vary  20  miles  from  the  quadrant  of  a  circle  of  200  miles 
radius.  Beyond  that  point  the  Rio  Grande  stretches  to  the  northwest  and  the  Gulf 
coast  to  the'northeast,  whereby  Aransas  remains  the  focal  point  of  the  vast  region  to 
£1  Paso  and  beyond. 

Arausas  is  the  central  point  of  the  great  cattle-producing  country  of  West  Texas. 
Between  1868,  at  which  time  the  writer  returned  to  Texas,  and  the  closing  of  the  bar 
in  1878,  at  least  half  a  million  head  of  cattle,  either  alive  or  slaughtered,  passed  over 
the  bar ;  also,  great  numbers  of  horses,  sheep,  and  hogs,  as  well  as  the  large  wool 
clip  of  West  Texas,  and  the  hides,  wool,  lead,  &c.,  of  Mexico,  and  the  return  cargoes 
for  that  market ;  also,  a  large  lumber  trade  and  general  supplies  for  the  surrounding 
comitry  for  one  hundred  mibSs  north  and  west  to  the  Rio  Grande.  Since  then  this 
htgfi  cattle  business  has  dwindled  to  the  extent  of  corned  meat  from  one  ostablish- 
tuent,  the  Boston  Beef-Packing  Company,  at  this  place,  which  has  been  obliged  to 
bear  the  extra  expense  of  lighterage  to  Indiauola  or  Galveston  upon  its  large  opera- 
tions, and  the  wool  and  Mexican  trade  of  Corpus  Christi  has  been  likewise  overbur- 
dened and  injured.  Of  the  future  of  the  region  depending  upon  Aransas  Pass  for  an 
(latlet,  I  would  remark  that,  in  my  opinion,  it  is  destined  to  become  one  of  the  best 
af(rieultnral  districts  in  the  South,  In  former  times  it  acquired  the  name  of  being 
'*  only  fit  for  pasturage.^'  This  was  owing  to  the  fact  that  what  little  att-empt  at 
farming  was'made  was  by  small  farmers,  wnose  greater  interest  was  in  their  herds,  that 
demanded  their  exclusive  attention  at  a  time  that  should  have  been  exclusively  given 
to  their  crops,  wliich,  in  consequence,  were  universally  smothered  with  rank  weeds 
Qpon  their  return  from  the  spring  branding,  the  growth  of  weeds  shoring  the  strength 
oi  the  ground,  which,  under  proper  culture,  would  have  i^roducetl  remimerative  crops. 
Within  the  last  decade  there  has  been  a  great  revolution  going  on,  that,  like  all  revo- 
Intions,  was  looked  upon  with  small  favor  bv  those  accustomed  to  the  former  order  of 
things,  but  which  in  moral  and  industrial  efiSects  upon  the  country  is  only  now  begin- 
ning to  be  understood  and  realize<l.  I  allude  to  the  fact  that  almost  the  entire  radius 
above  described  around  Aransas  has  lieen  inclosed  in  large  pastures  from  10,000  to 
200,000  acres  each.  Instead  of  the  former  abortive  efforts  at  farming,  the  pasture 
owners  are,  by  proper  tillage,  proving  that  good  and  regular  crops  may  be  depended 
upon;  this  will  lead  to  the  establishment  of  farms  on  suitable  spots  now  used  exelu- 
wvely  for  pasturage ;  these  farmers  will  be  enabled  to  pay  for  their  lands  from  the 
Hale  of  grain  and  forage  to  the  cattle  herders,  who  are  now  improving  their  stocks, 
and  when,  by  the  opening  of  Arausas  Pass  to  foreign  shipping,  a  home  market  for 
RTain-fed  beeves  will  be  establiHhed,  and  the  agricultural  and  pastoral  interests  of  the 
country  will  be  harmonize<l  to  their  mutual  benefit. 

The  moral  tendency  of  this  radical  change  from  the  former  mo<le  of  herding  cattle 
Qpon  the  common,  with  its  annual  scramble  for  mavericks  or  uubranded  stork,  caus- 
ing the  ruin  of  many  young  men,  cannot  be  overestimated.  In  relating  the  foregoing 
{uuticulars,  I  have  endeavored  to  show  the  rapid  progress  of  the  country  dependent 
upon  Aransas  Pass  for  its  commerce  with  the  world  under  its  present  embarrasMUient, 
and  to  give  some  idea  of  its  capabilities,  when,  by  the  completion  of  the  work  in  which 
yoa  are  now  engaged,  the  restrictions  opposing  its  further  development  shall  have 
been  removed.  The  position  of  Aransas  as  a  commercial  port  is  tlius  expressed  by 
Uentenant  Maury :  "The  waters  from  every  part  of  the  Atlantic  tend  toward  the 
Gulf  of  Mexico  and  its  streams,  and  Aninsas  is  at  the  point  of  nearest  approach  of  the 
Gulf  Stream  to  the  western  shore  of  the  Gulf.  This  great  river  of  the  ocean  is  ever 
i^^y  to  bring  and  take  commerce  to  and  from  this  point,  while  the  retiex  current 
catMed  by  its  near  approach  will  remove  from  before  our  entrance,  when  improved, 
all  d^6r(«*  that  might  otherwise  remain  to  obstruct  it."  That  this  littoral  current  is 
at  its  maximum  at  Arausas  is  well  shown  by  the  chart  of  the  surveys  of  the  United 
^tat«s,  accompanying  Major  Howell's  last  report.  Supposing  the  tendency  of  the  out- 
flow firom  each  pass  into  still  water  in  the  Gulf  would  be  at  a  right  angle  to  the  coast, 
the  deflection  shown  is  20^  at  Sabine,  30^  at  Galveston,  33^  at  Cavallo,  68^  at  Aransas^ 
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and  nothing  at  Brazos  Santiago ;  hence,  at  Aransas  wc  have  the  best  assurance  of 
success  for  the  jetty  s.yst<em  proposed,  that  is,  a  strong  littoral  current.  Now,  in  the 
natural  condition  of  the  pass,  this  strong  south  current  continually  forces  the  channel 
towards  the  coast  of  Mustang  Island  until,  being  brought  at  a  right  angle  to  the  pre- 
vailing southeast  wind,  the  breakers  drive  the  sand  into  it,  filling  it  up  and  presenting 
a  flat  m  front  of  the  pass,  ban-ing  entrance  until  a  friendly  st'Orm  opens  another  ebaii- 
nel  directly  to  the  east  or  north  of  east,  only  to  follow  the  same  routine  and  share  tlir 
fate  of  its  predecessor. 

The  future  of  Aransas  as  an  Atlantic  terminus  of  a  system  of  railroads  to  the  Pacitic, 
skirting  the  Rio  Grande  and  giving  to  the  goyemment  the  nearest  and  most  direct 
approach  from  the  Gulf  to  our  Mexican  border,  can  scarcely  be  overestimated.  Aa  a 
naval  rendezvous  in  case  of  war,  or  a  harbor  of  refuge  in  tinae  of  peace,  words  need  not 
be  wasted  in  proving  its  great  advantage.  As  an  engineer,  I  have  long  been  impressed 
with  its  superior  availabilities  for  improvement,  l^e  distance  from  20  feet  inside  to 
20  feet  outside  never  exceeds  three-fourths  of  a  mile,  and  is  often  much  less.  l)nrio<; 
last  summer  the  strong  south  current  swept  the  outer  portion  of  the  bar  away,  causiuj; 
18  feet  of  water  within  a  stone^a  tlu*ow  of  the  wreck  of  the  steamer  Mary,  and  leavinjr 
a  mere  ridge  of  sand  that  provokingly  barred  our  commerce  with  the  outside  world 
That  this  natural  fickleness  of  our  bar  can  be  more  easily  controUed  than  if  it  were  of 
a  more  immovable  nature  is  as  clear  to  my  mind  as  the  fact  that  a  strong  will  can 
easily  govern  a  weak  and  unstable  one,  nor  do  I  believe  that  the  difference  of  the  east 
of  20  or  more  feet  of  water  will  greatly  exceed  that  necessary  to  obtain  12  or  15  feet, 
the  difference  being  more  in  position  than  in  the  magnitude  of  the  jetties  lequire^l. 

The  embarrassments  that  now  surround  us  cause  an  anxiety  that,  in  some  way. 
quick  relief  may  be  given,  and  if  it  should  be  possible  that  this  Avork  could  proceed 
in  such  a  manner  as  to  afford,  say,  an  8-foot  channel  during  its  progress,  without 
greatly  increasing  the  ultimate  cost,  the  gratitude  of  a'  suffering  community  would  be 
cheaply  earned. 

Thanking  you  for  the  opportunity  of  thus  presenting  my  views, 
I  remain,  with  gieat  respect,  yours,  very  truly, 

G.  W.  Fulton. 

Maj.  S.  M.  Mansfield, 

United  States  Engineer  in  Chargey  Texas  Coast  Improvemcttt. 


report  of  board  of  engineers. 

Army  Building, 
N^ew  Yorlcj  August  0,  1879. 

General  :  The  Board  of  Engineers  convened  by  the  following  order, 
viz: 

r  special  Onlcrs  No.  63. J 

Headquartrrs  Corps  of  Engineers, 

iVashingtofiy  D.  C,  June  3,  lt*79. 

By  direction  of  the  Secretary  of  War,  a  hoard  of  officers  of  the  Corps  of  Engineers, 
to  consist  of  Col  Z.  B.  Tower,  Lieut.  Col.  John  Newton,  Lieut.  Col.  Q.  A.  Gillmore, 
Capt.  C.  W.  Howell,  will  assemhle  in  New  York  City,  on  the  call  of  the  senior  officer 
and  as  soon  as  other  duties  of  memhers  will  permit,  to  take  into  consideration  and 
report  unon  the  improvement  of  Pass  Cavallo  Inlet  into  Matagorda  Bay  and  of  Arausa^ 
Pass  and  Bay  up  to  Rockport  and  Corpus  Christi,  Tex. ;  and  also  the  continuation  of 
the  improveoient  of  the  entrance  to  Galveston  Harhor. 

The  Board  is  authorized  to  visit  the  localities  named  if  considered  important  to  do 
so. 

H.  G.  \Vrioht, 
Acting  Chief  of  Engxneerti. 

having  assembled  on  the  1st  instant,  and  continued  their  sessions  jus 
frequently  as  other  necessary  duties  permitted,  have  the  honor  to  sub- 
mit the  following  rex)ort : 

GENERAL  REMARKS. 

All  of  the  passes  and  entrances  submitted  to  the  consideration  of  the 
Board  agree  in  certain  prominent  features,  which  are  due  to  the  action 
of  the  winds  and  tides  ui)on  the  characteristic  formation  of  the  coafit. 
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At  all  of  these  places  there  are  interior  bays,  separated  from  the  Gulf 
by  long,  narrow  islands  or  peninsulas,  which  form  the  exterior  coast 
line.  The  water-level  in  these  basins  is  daily  raised  and  lowered  by  the 
Gulf  tides,  aided  by  the  winds,  and  in  the  comparatively  contracted 
iulets  and  outlets  the  tidal  currents  are  strong.  AH  of  the  silt  brought 
down  by  the  inconsiderable  streams  which  empty  into  these  basins  is 
deposited  before  reaching  the  Gulf. 

Besides  ordinary  tides  of  little  elevation,  the  bays  are  subject  to  storm 
tides,  caused  by  violent  in-shore  winds  driving  in  large  volumes  of  water 
from  the  Gnlf.  When  these  are  followed  by  gales  from  the  land  the 
heaped-up  waters  are  forced  back  through  the  outlets  with  great  velocity. 
After  such  series  of  ox)orations  the  bars  are  found  to  be  in  their  best 
condition. 

Along  the  exterior  coa^t  line  the  drift  of  sand,  by  the  action  of  the 
currents  and  waves,  is  in  the  general  direction  from  northeast  to  south- 
west. The  tendencies  are  for  the  east  shores  of  the  inlets  to  gain  to- 
wards the  west,  and  for  the  west  shores  to  recede  correspondingly  in 
the  same  direction. 

The  Board  are  not  in  possession  of  maps  of  ancient  date  with  which 
to  compare  surveys  of  the  present  time ;  but  such  has  probably  been 
the  action  which  in  the  lapse  of  years  has  placed  the  inlets  in  their 
present  positions  by  a  nearly  continuous  movement  down  the  coast. 
When  the  inlet,  as  at  Aransas  Bay,  has  reaehed  the  line  of  the  lower 
or  southwest  side  of  that  bay,  a  further  movement  would  tend  to  draw 
out  and  narrow  the  pass,  which,  if  not  arrested,  might  cause  the  inlet 
to  be  closed  by  the  occurrence  of  a  heavy  wind  from  seaward  forming 
unusual  deposits  across  the  bar.  The  pass  into  the  &ay  of  Corpus 
Christi  has  virtually  closed  to  navigation,  apparently  from  the  effect  of 
the  narrowing  process ;  and  it  is  not  inappropriate  here  to  quote  from 
the  report  of  Capt.  George  B.  McClellan,  formerly  of  the  Corps  of  En- 
gineers, made  to  the  Chief  of  Engineers  January  13,  1853,  in  which, 
narrating  certain  changes  produced  on  the  bars  at  the  inlets  to  Aransas, 
Matagorda,  and  Corpus  Christi  Ba}',  he  states  of  the  last  named,  ^'  this 
channel  is  probably  closed  by  this  time,  or  soon  will  be,^  showing  at 
that  early  date  the  opinions  entertained  of  its  want  of  permanence.  It 
is  highly  probable  that  Aransas  Pass  and  Pass  Cavallo  have  once  been 
in  the  same  position  relative  to  their  surroundings  that  the  pass  at  Gal- 
veston now  is. 

The  late  Lieut.  W.  H.  Stevens,  Corps  of  Engineers,  in  his  report  of 
December  26, 1863,  recommending  a  breakwater  at  Fort  Point,  Galves- 
ton Harbor,  states : 

Tbe  object  of  this  strnctnre  is  to  prevent  the  southeast  ^ales  washinff  the  sand  fh)m 
the  point  between  the  east  end  of  Galveston  Island  and  the  point  marked  **  S.  Buoy" 
*  *  •  into  the  channel  between  "  East  End  "  and  **  Pelican  Shoal,"  and  also  to  force 
the  water  which  now  flows  between  the  buoy  and  the  point  into  the  channel. 

I  am  informed  that  the  }>oint  once  extended  nearly  to  the  south  buoy,  and  that 
^bere  you  see  12  feet  of  water  in  the  channel  a  few  years  ago  there  was  30  feet,  and 
that  this  shoaling  has  been  synchronous  with  the  washing  of  the  point. 

It  is  apparent  from  this  quotation  that  the  tendency  has  been  to  wash 
away  the  east  end  of  Galveston  Island,  and  for  the  inlet,  as  noticed  at 
other  points,  to  move  down  the  coast,  which  has  been  prevented  hitherto 
by  artificial  works,  similar  in  position  and  scope  to  the  breakwater  ad- 
vocated by  Lieutenant  Stevens. 

But  for  such  works,  which  the  preservation  of  the  site  of  the  city  of 
Galveston  demanded,  it  is  evident  that  the  same  lateral  movement  of 
the  inlet  which  characterizes  the  passes  into  Aransas  and  Matagorda 
bays  would  to-day  be  chronicled. 
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The  movements  of  the  inlets  and  passes  are  dne  not  only  to  wave 
action,  bat  also  to  the  direction  of  the  interior  currents  in  the  principal 
channels  of  the  bays,  which  strike  with  force  upon  the  shores  forming 
the  west  side  of  the  passes,  with  eroding  effects  proportion^  to  their 
strength. 

The  width  of  the  inlets  are,  for  Galveston,  9,000  feet,  for  Pass  Oavallo 
about  the  same :  while  for  Aransas  Pass  the  width  is  only  3,300  feet. 
As  it  is  conceded  that  the  depths  over  the  bars  are  greatly  due  to  the 
piling  up  of  the  waters  within  the  bays  by  heavy  winds  from  the  sea- 
ward, and  their  consequent  discharge,  aided  in  velocity  by  the  action 
of  the  northers,  it  would  seem  that  the  bars  would  be  in  best  condition 
when  the  cross-sections  of  the  inlets  were  so  proportioned  to  the  spaces 
to  be  filled  as  to  allow  a  free  ingress  to  the  Gulf  water,  and  that  conse- 
quently any  proposition  to  narrow  the  inlets  should  be  carefully  scruti- 
nized, and  the  necessity  and  effects  of  such  action  clearly  demonstrated. 

It  is  not  meant  that  every  change  of  position  of  the  inlets  has  been 
due  solely  to  the  causes  enumerated  above ;  obviously  a  change  may 
have  been  effected  at  times  by  the  heaped-up  waters  of  the  interior  basins 
finding  their  way  to  the  Gulf  across  a  low  level  of  the  outer  line  of  coast, 
forming  thus  a  new  outlet,  and  ultimately  causing  the  old  one  to  fill  up. 
Such  an  operation  could  be  prevented  by  planting  the  low  levels  with 
trees  and  bushes  to  accumulate  sand. 

From  this  description  of  influences  at  work,  the  principles  of  improv- 
ing such  bars  would  generally  be  to  protect  the  west  shore  of  the  inlet 
from  erosion  by  waves  and  currents,  and  to  sustain,  by  jetty  or  by  par- 
allel jetties,  the  natural  direction  of  the  ebb  currents  over  the  bar,  which 
is  to  the  east  of  south  or  nearly  southeast. 

The  Board  are  not  committed  to  the  opinion  that  the  west  shores  of 
the  inlets  can  be  protected  or  the  lateral  movements  of  the  channels 
prevented  in  all  cases;  nor  do  they  intend  to  say  that  if  such  arrest  of 
movement  be  obtained  it  would  prove  to  be  of  permanent  benefit;  on  the 
contrary,  it  is  not  impossible  that  such  result  might  sometimes  culmi- 
nate in  the  closing  of  the  pass  itself. 

The  Board  feel  that  little  more  can  be  done  in  this  report  than  to 
point  out  the  general  principles  involved  in  the  problems  presented  to 
their  consideration,  for  the  influences  at  work,  though  they  may  be 
known,  cannot  be  estimated  for  a  number  of  years  ahead  as  to  their 
relative  values.  There  have  been  almost  no  opportunities  for  expe- 
riences valuable  as  precedents  along  this  coast,  and  the  conditions  are 
so  variable  with  time  that  a  large  margin  should  be  left  to  the  stndy 
and  intelligence  of  the  constructing  officer  on  the  ground. 

MATAGORDA  INLET. 

The  first  official  report  upon  this  channel  accessible  to  the  Board  is 
that  of  Gen.  George  B.  McGlellan  (at  the  time  a  lieutenant  of  engineers) 
to  the  Ohief  Engineer,  U.  S.  A.,  dated  January  13, 1853.  SpeaMng  of 
the  sanguine  opinions  of  those  interested  in  the  improvement  of  the  bar 
as  to  the  feasibility  and  cost,  he  states: 

I  cannot  ascertain  that  any  well-considered  plan  has  been  proposed.  I  can  meet 
with  nothing  bat  hap-hazard  opinions  as  to  the  location  of  the  proposed  Itrtahcaterf 
and  still  wilder  guesses  at  the  cost ;  the  fact  is,  I  think  that  all  consider  the  object  as 
desirable  and  important,  bnt  that  no  one  in  any  respect  competent  has  aerionsiy  con- 
sidered the  proper  location,  cost,  practicability,  and  effect  of  sach  a  construction.  *  '  * 

He  describes  the  bar  as  composed  of  loose  shifting  sand,  and  fully  ex- 
posed to  the  action  of  great  storms,  the  consequence  being  the  shifting 


APPENDIX   N  1257 

of  the  channel,  particularly  after  a  storm.  While  engaged  in  the  ex- 
amination, it  moved  laterally  150  yards,  having  9  feet  in  the  new  channel 
and  leaving  but  6  feet  in  the  old.  With  respect  to  the  recommendation 
of  closing  the  space  from  Pelican  Island  to  Decrow's  Point,  he  con- 
sidered that  the  effect  of  the  southeast  winds  in  filling  the  bay  would 
be  thereby  decreajBed  about  three-fifths,  and  that  in  thus  seeking  to  deepen 
the  bar  the  bay  might  be  rendered  more  shallow. 

The  great  cnrrent  passes  close  to  the  northwest  point  of  the  peninsula^  which  is- 
cutting  away,  and  impinges  on  the  opposite  shore  nearly  opposite  Pelican  Island,  and 
ia  oontmnaUy  catting  away  that  shore. 

He  finally  recommends,  as  preliminary  to  any  project  and  estimate, 
continued  observations  and  a  careful  survey. 

The  late  Lieut.  E.  A.  Woodruff,  Corps  of  Engineers,  made  a  report  to 
Capt.  C.  W.  Howell,  Corps  of  Engineers,  Apnl  1, 1871,  of  a  survey  of 
Pass  Cavallo  (Report  of  Chief  of  Engineers  for  1871,  pp.  531,  532,  633) : 

It  presents  the  same  general  characteristics  as  Aransas  Pass,  but  on  a  much  larger 
Bcale.  Its  history,  like  that  of  Aransas  and  Corpus  Christi  passes,  shows  a  steady  de- 
terioration as  a  hturbor  and  a  constant  shifting  of  the  channel  to  the  south ;  the  his- 
torical fact  of  the  deterioration  of  these  harbors  in  the  same  time  leads  to  the  inference 
that  the  shoaling  is  due  to  the  change  of  position.  The  general  cause  for  the  change 
is  probably  the  prevalent  direction  of  the  winds,  which  have  the  greatest  efiect  on  the 
mnthem  shores  of  the  passes.  The  most  rapid  erosion  has  taken  place  during  high 
tides  accompanied  by  easterly*  winds. 

Fort  £sx>eranza,  an  earthwork  on  Matagorda  Island  built  during  the 
war,  100  feet  from  the  shore,  had  its  eastern  parapet  carried  away  by 
the  sea  in  1868. 

In  1854  a  remarkable  storm  occurred,  which  reduced  Pelican  Island  to  a  mere  sand 
flat,  hardly  above  ordinary  high-water.  Before  this  storm  it  had  grass-covered  sand 
mounds  about  20  feet  high,  and  fresh  water  could  be  obtained  by  dig^ng  in  the  hol- 
lows. The  storm  began  by  a  southeaster,  which  filled  Matagorda  and  Espiritu 
Saneto  Bays  onusuaUy  fnU  of  water;  then  changing  to  the  northwest,  the  wind  drove 
the  water  of  the  bays  through  the  channel  and  over  the  end  of  Matagorda  Island  and 
Peninsula.  The  direction  of  the  channel  was  changed  considerably  to  the  south,  and 
its  depth  increased  to  13  feet ;  but  it  shoaled  to  8  feet  in  1856,  and  at  present  7  feet  is< 
all  that  can  be  depended  upon.  *  ♦  »  Every  storm,  however,  changes  the  position 
of  the  system  of  snoals  running  south  from  Decrow's  Point.     **    •    * 

Pelican  Island  itself  has  shuted  its  position  to  the  north  about  three-quarters  of  a 
mile  since  the  survey  of  1856. 

I  found  an  idea  generally  prevailing  auiong  the  citizens  interested  in  the  improve- 
ment of  the  pass  that  it  would  be  easy  to  stop  up  the  channel  between  Decrow's  Point 
and  Pelican  Island,  thus  catising  a  greater  current  at  ebb-tide  to  act  on  the  bar. 

Decrow's  Point,  and  a  portion  of  Matagorda  Island  opposite,  are  low  and  subject  to 
overflow  in  extreme  high-water.  This  is  especially  the  case  with  Matagorda  Island, 
^liere  the  salt  water  has  killed  the  grass  on  about  half  the  surface.  In  planting  a 
signal-pole  on  this  island  I  found  that  after  getting  through  a  crust  of  a  few  inches  on 
the  Bonace  I  could  easilv  thrust  the  whole  pole,  8  feet  in  length,  into  the  earth. 

The  effect  of  any  work  closing  Pelican  Island  Channel  would  be  much  more  per- 
ceptible on  Matagorda  Island  than  on  the  bar,  which  at  present  is  about  three-quar- 
ters of  a  mile  from  the  shore-line  of  the  Gulf,  and  any  attempt  to  narrow  the  inlet  of 
Matagorda  Bay  without  first  protecting  Matagorda  Island  by  an  efficient  revetment 
vonld  be  a  waste  of  the  money  expended. 

laentenant  Woodruff,  8i)ecifying  the  work  necessary  for  improvement, 
says: 

This  would  require  a  jetty  from  Decrow's  Point  to  the  bar,  a  distance  of  4  miles,  and 
ft  revetment  of  Matagoria  Island  from  Bayou  McHenry  to  the  point  below  the  h^ht- 
°OQse,  alao  a  distance  of  4  miles.  Both  of  these  works  would  be  principally  on  quick- 
Bftnd  foundations,  and  both,  especially  the  jetties,  would  be  exposed  to  seas  which 
only  a  massive  se»-wall  could  permanently  resist.  Small  works,  such  as  pile  groins 
Of  piers,  win  succeed  in  causing  an  accretion  of  sand  during  the  continuance  of  ordi- 
^^  tioes  and  weather ;  but  a  high  tide  with  strong  winds  will  in  a  few  hours  sweep 
Jl^y  the  accretion  of  months  and  the  work  which  caused  it.  Such  has  actually 
i^ccn  the  history  of  some  small  pile  works  attempted  on  the  Matagorda  Island  shore. 
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Lieatenant  Woodrnff  recommended  no  plan  of  improvement  for  this 
channel,  and  Captain  Howell  indorsed  his  course. 

Gapt.  George  B.  McOlellan,  reporting  to  Bvt.  Brig.  Gen.  Joseph  G. 
Totten,  Chief  Engineer,  U.  S.  A.  (Ex.  Doc,  vol.  2, 1853-'54,  p.  561),  says: 

With  regard  to  the  project  of  improving  Pass  Cavallo  by  closing  the  Pelican  Island 
Channel,  to  which  my  attention  has  been  called  by  the  department,  I  have,  since  my 
letter  of  Jannary  13,'  ltf53,  given  it  an  attentive  consideration.  »  •  •  Were  the 
strength  of  the  current  increased,  it  would  exert  itself  in  cutting  away  more  rapidly 
the  {)oints  of  Matagorda  Island  where  the  light-house  now  stands  and  thus  enable 
itselt  to  spread  out  still  more  than  it  now  does  before  reaching  the  bar.  So  far  as  it  is 
possible  to  foresee  the  effect  of  so  uncertain  an  operation,  and  judging  principally 
from  what  I  have  observed  at  the  passes  in  general,  I  tbink  that,  were  any  appreciable 
effect  produced  by  closing  the  opening  in  question,  it  would  be  lateral  rather  than 
vertical. 

Captain  Ilowell  reports  to  the  Chief  of  Engineers,  nnder  date  of  Feb- 
ruary 4,  1874,  the  results  of  the  survey  in  1873,  by  Mr.  H.  C.  Ripley* 
assistant  engineer,  of  th^  entriince  into  Matagorda  Bay  and  Channel 
to  Indianola  (Report  of  Chief  of  Engineers,  1874,  Part  I,  pp.  760-765): 

Pelican  "Island  has  moved  north  and  approaches  Decrowns  Point  nearly  it-s  entnrp 
width,  thus  making  the  Elizabeth  Channel  more  defined  and  deeper,  and  dimiuishioj; 
the  distance  from  the  island  to  Decrowns  Point  from  7,440  feet  to  4,180  feet. 

The  main  channel  south  of  Pelican  Island  was  divided  into  the  "  Old 
Channel "  and  "  Veto  Channel,''  the  latter  and  the  more  I'eoent  having 
become  the  principal  entrance.    The  depth  over  the  bar  was  7  feet. 

The  bar,  '^  like  the  one  at  Galveston,  is  composed  of  pure  quicksand 
to  a  depth  of  from  40  to  60  feet." 

Captain  Howell,  submitting  a  project  with  estimates,  writes : 

For  works  of  this  kind  it  is  only  deemed  possible^to  submit  a  general  plan,  with  sug- 
gestions £M  to  its  probable  effects. 

The  first  work  recommended  was  the  closure  of  Decrowns  and  Elizabeth 
channels  by  inducing  the  formation  of  shoals  and  thereby  the  extension 
of  Matagorda  Peninsula  to  include  Pelican  Island ;  among  other  effects, 
it  was  supposed  this  work  would  obliterate  the  "  Old  Channel,"  and  that 
the  "Veto  Channel"  would  be  driven  southward.  The  depth  over  the 
bar  it  was  thought  would  be  12  feet. 

The  next  step  would  be  two  parallel  dikes  or  structures  to  induce  the 
formation  of  dikes,  the  lines  being,  respectively,  from  Matagorda  tdand 
along  the  southwest  boundary  of  the  channel  and  from  Pelican  Island 
along  its  northeast  boundary.    The  estimate  was  as  follows : 

Gabionnade  closing  space  Ijctween  Pelican  Island  and  Decrowns  Point $^l>  ^^, 

Gabiounade  on  parallel  pins  to  bar 424,  l!^ 

The  closure  of  the  space  between  Pelican  Island  and  Decrow's  Point 
it  was  supposed  would  give  a  depth  over  the  bar  sufficient  for  the  wharves 
at  Indianola,  and  the  parallel  jetties  were  considered  advisable  only  to 
afford  a  depth  over  the  bar  suflficient  to  enter  the  harbor  near  the  point 
marked  on  the  chart  "  Saleeria." 

The  amount  of  $20,000  appropriated  by  act  approved  August  14, 1876, 
being  considered  by  Captain  Howell  as  insufficient  to  commence  work 
with,  he  was  authorized  to  await  further  appropriations.  Estimate  of 
sum  needed  for  a  commencement,  $150,000.  (Report  of  Chief  of  Engi- 
neers for  1877,  Part  I,  pp.  469-471.)  Amount  appropriated  by  act  ap- 
proved June  18, 1878,  $25,000.  Authority  was  asked  to  make  a  new 
survey.    (Report  of  Chief  of  Engineers  for  1878,  Part  I,  p.  613.) 

Captain  Howell  reports  to  the  Chief  of  Engineers,  December  17, 1878, 
upon  survey  of  that  year  made  to  determine  the  advisability  of  apply* 
ing  the  funds  available  to  the  protection  of  the  head  of  Matagorda 
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Island.  Although  the  head  of  the  island  was  washed  away  for  a  con- 
siderable length  of  beach,  and  to  a  width  varying  from  200  to  1,300  feet, 
yet  the  indications,  as  reported  by  Captain  Howell,  were  not  for  imme- 
diate protection.  Mr.  Abraham  Cross,  the  surveyor,  reports  as  his  opin- 
ion that  the  whole  damage  was  done  by  the  storms  of  1875,  since  which 
time  he  considered  the  beach  to  have  been  reforming. 

Other  changes  very  remarkable  were  reported,  Pelican  Island  having 
moved  southward  about  4,900  feet  and  the  *' Veto"  and  "  Old"  channels 
having  merged  into  one  in  the  prolongation  of  the  channel  above,  but 
curbing  slightly  to  the  eastward.  The  depth  over  the  bar,  with  a  long 
increase  of  width  of  Decrowns  and  Elizabeth  channels,  nevertheless  had 
changed,  since  1873,  from  7  to  over  10  feet.  Captain  Howell  in  his  re- 
port states  that  *'an  appropriation  of  $100,000  in  addition  to  that  now 
available  would  justify  commencement  of  the  work.'' 

APPROPRIATIONS. 

August  14,  1670...* $iO,000 

Jiiuel-',  1H7S 25,000 

March  :3.  1879 25,000 

Total* 70,000 

PROJECT  FOR  MATAGORDA  INLET. 

Itecommendations  have  been  made  to  close  Decrowns  and  Elizabeth 
chauuds,  thus  bringing  the  south  end  of  Matagorda  Peninsula  to  the 
position  of  Pelican  Island,  with  the  intention  of  increasing  the  depth 
over  the  bar.  The  Board  are  not  prepared  to  say  that  some  such  effect 
would  not  be  produced,  but  the  necessity  for  such  an  extreme  step  does 
not  seem  to  have  arisen,  and  the  result  would  be,  by  shutting  up  one 
inlet,  to  diminish  the  quantity  of  flood  going  up  the  bay. 

Pelican  Island  between  1871  and  1873  moved  northward  its  width, 
and  from  1873  to  1875  receded  southward  4,700  feet.  This  island  may, 
in  the  future,  be  the  nucleus  of  shoals*which  will  close  Decrowns  Channel, 
and  thereby  take  the  first  step  towards  elongating  and  narrowing  the 
pass,  as  at  Corpus  Christi  and  Aransas  bays.  As  the  Board  do  not  per- 
ceive the  benefits  to  be  derived  from  such  result,  but  rather  the  reverse, 
they  cannot  recommend  constructions  to  close  this  passage. 

It  is  true  that  if  Pelican  Island  should  continue  its  southerly  move- 
ment, it  might  become  necessary  to  line  the  bed  of  the  channel  between 
the  island  and  Decrowns  Point  with  a  row  of  mattresses  to  prevent  an 
increase  of  water- waj'. 

The  necessity  of  a  shore  protection  for  the  head  of  Matagorda  Island 
seems,  firom  all  the  papers  submitted  to  the  Board,  to  be  in  dOubt,  and 
they  prefer  to  leave  the  decision  of  this  point  to  the  future. 

A  project  is  submitted  for  one  jetty,  starting  from  the  head  of  Mata- 
gorda Island  and  running  in  a  southeasterly  direction,  as  represented 
on  the  sketch  sent  herewith ;  and  also  for  groins  to  protect  the  shores, 
when  this  becomes  necessary. 

The  object  of  the  jetty  is  to  obtain  a  depth  of  12  feet  over  the  bar. 


ESTIMATE   FOR  JETTY. 


l,<XM>feet,  6  feet  high,  7^  feet  wide  at  top,  at  $36 $:?6, 

6.550  feet,  10  feet  high,  20  feet  wide  at  top,  at  flOO 655, 


000 
000 


691,000 
10  percent,  for  contingencies 69,100 

760, 100 
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GROINS  FOR  SHORE  PROTECTION. 

5,400  feet  on  sbore,  at  |3 $16,200 

6.600  feet  on  shore,  at  |36 237,600 

•       253,800 
10  percent,  for  contingencies 25,3t*0 

279,180 

The  groin  uext  to  the  jetty  should  be  beguu  at  the  same  time  as  the 
jetty. 

The  project  submitted  by  the  Board  should  not  be  considered  as  neces- 
sarily complete,  or  that  it  may  not  admit  of  revision  from  the  light  fur- 
nished by  experience  and  continued  observations. 

The  opinions  of  the  various  engineers  who  have  reported  upon  the 
improvement  of  the  pass  offer  occasion  for  wide  differences  as  to  the 
amount  and  description  of  the  works  required  for  the  place. 

The  Board  have  attentively  considered  the  information  furnished  by 
surveys  and  reports  thereon,  and  recommend  for  present  construction 
only  what,  by  a  careful  comparison  of  data,  appears  to  be  st^ctly  neces- 
sary for  the  improvement  of  the  bar.  The  jetty  should  be  high,  probably 
throughout  its  entire  length,  as  it  is  designed  to  sustain  the  current  of  the 
bar  channel,  which  will,  it  is  thought,  be  pressed  against  it  by  the  north 
shoal,  formed  of  the  usual  drift-sand  down  the  coast.  Should  such  as- 
sumption not  prove  to  be  correct,  a  parallel  jetty  on  the  north  shoal,  in 
co-operation  with  the  other,  would  become  a  necessary  part  of  the  project. 

The  general  laws  of  formation  along  this  coast  are  x>erhaps  well  enough 
known,  and  the  industry  of  observers  have  collected  valuable  facts, 
which  can  now  be  utilized,  but  something  additional  is  required — ^the  de- 
termination, by  actual  experience  from  constructed  works,  joined  with 
further  accurate  observations,  how  far  influences  peculiar  to  this  pass 
may  modify  general  conclusions. 

For  these  reasons  the  Board, have  confined  their  recommendation 
only  to  what,  in  their  judgment,  could  not  be  dispensed  with. 

The  Board  do  not  consider  that  positions  of  the  jetties  and  groins,  or 
the  number  of  the  latter,  should  now  be  rigidly  fixed ;  modifications  in 
these  respects  would  probably  arise  from  the  experience  gained  at  the 
locality  from  a  partial  application  of  the  project  itself,  as  well  as  from 
other  considerations. 

It  is  understood  that  the  amoant  available  is  something  over  $70,000, 
the  expenditure  of  which  sum,  in^  the  opinion  of  the  Board,  would  be 
inadequate  to  produce  a  useful  effect  upon  the  bar. 

• 

INLETS  INTO  ARANSAS  AND  COEPUS  CHEISTI  BAYS. 

.  Capt.  Geo.  B.  McClellan's  report  to  the  Chief  Engineer,  TJ.  S.  A.,  Jan- 
uary 13, 1853,  states,  with  respect  to  this  bar,  that  it  is  composed  of  a 
loose  shifting  sand,  and  exposed  to  change  of  position  after  heavy 
storms.  Within  a  week  while  he  was  on  the  coast,  the  bar  channel 
shifted  all  the  way  over  frt)m  the  north  to  the  south  breakers,  having  9 
feet  in  the  new  and  leaving  4  feet  in  the  old  channel,  three  vessels  being 
wrecked  in  as  many  days  before  the  change  was  discovered ;  and  the 
^'Corpus  Christ]  Bar  opened  at  the  same  time  to  U  feet,  having  but  5 
feet  in  it  before ;  this  channel  is  probably  closed  by  this  time,  or  soon 
willbe-" 

The  sudden  changes  of  the  channel  of  Aransas  Inlet  appear  to  leave 
temporarily  a  swash  channel  near  Saint  Joseph's  Island,  the  deeper 
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channel  being  nearer  to  Mustang  Island,  to  which  position  it  constantly 
tends  to  shift. 

In  the  Beport  of  the  Chief  of  Engineers  for  1871,  pp.  526-^31,  is  found 
the  report  of  Capt.  C.  W.  Howell,  Corps  of  Engineers,  transmitting  the 
letter  of  the  late  Lieut.  E.  A.  Woodruff,  Corps  of  Engineers,  giving  the 
results  of  his  survey  of  the  bars  and  passes  of  Corpus  Christi  and  Aran- 
sas bays. 

Corpus  Christi  Pass  or  lulot  is  an  entrance  from  the  Gnlf  of  Mexico  to  Corpus 
Cliristi  Bay,  between  Mustang  Island  on  the  north  and  Padre  Island  on  the  south. 

*  *  *  The  channel  from  tne  pass  to  Corpus  Christi  Bay  is  narrow,  and  beats  in 
general  direction  nearly  due  north  about  6  miles  before  reaching  the  deep  water  of  the 
bay.  Entering  the  pass  from  the  gulf,  we  find  the  water  on  the  bar  from  5  to  7  feet, 
varying  with  the  wind  and  tide. 

He  describes  the  pass  as  interrupted  by  shoals  and  bulkheads  before 
entering  into  the  deep  water  of  the  bay.  He  considers  the  length  and 
tortuous  course  of  the  channel  of  the  pass  as  unfavorable  to  the  free 
flow  of  the  waters  of  the  bay  over  the  bar  and  to  the  improvement  of 
the  latter.  He  calls  attention  to  the  better  chances  of  improving  the 
bar  at  Aransas  Pass,  and  of  accommodating  the  commerce  of  Corpus 
Christi  Bay,  by  enlarging  the  communication  between  these  bays,  and 
diverting  the  course  of  navigation  to  Aransas  Bar. 

Id  regard  to  Aransas  Pass,  he  states  its  continuous  encroachment  on 
Mnstang  Island  (on  the  south)  and  the  corresponding  gain  of  Saint 
Joseph's  Island  : 

In  1869  work  was  begiin  by  private  enterprise  to  improve  the  channel  through  the 
bar  hy  mnninff  out  lines  of  jetties  from  the  Saint  Joseph's  Island  shore  to  cut  oft'  a  sec- 
ondaiy  channel  near  this  shore.  *  *  »  They  were  expected  to  act  as  a  nucleus, 
altont  which  sand  would  accumulate  and  close  up  the  secondary  channel,  thus  divert- 
ing the  flow  of  the  water  directly  through  the  channel  on  the  bar.  ]?Yom  the  fact  that 
the  secondary  channel  has  shoaled  about  2  feet  and  the  main  channel  deepened  about 
2  feet  since  placing  the  crates,  it  may  be  supi>osed  that  they  have  contributed  to  pro- 
dace  this  result,  but  one  of  the  oldest  pilots  holds  that  the  change  is  due  to  storms, 
and  would  have  taken  place  without  any  works. 

He  states  that  the  head  of  Mustang  Island  must  first  be  protected 
against  erosion  by  a  riprap  or  groins,  and  further  makes  a  project  for 
excavating  and  revetting  a  canal  or  channel  from  Turtle  Gove  into  Cor- 
pus Christi  Bay,  which  would  serve  not  only  as  a  passage  for  vessels, 
bat  would,  by  its  discharge  into  Aransas  Bay,  serve  to  arrest  the  ero- 
sion above  Turtle  Cove,  due  to  the  ebb  waters  of  Aransas  Bay,  by  de- 
fleeting  these  currents.    He  thinks — 

The  cost  of  building  a  Jetty  from  Mnstang  or  Saint  Joseph's  Island  toward  the  bar, 
which  would  be  able  to  resist  the  action  of  the  storms  upon  the  quicksand  foundation, 
mugt  be  an  insurmountable  objection  to  any  such  experiment.  The  stone  to  be  ob- 
tained at  Bockport  is  too  poor  in  quality  for  use  in  so  exposed  a  work. 

Captain  Howell,  in  forwarding  this  report  of  Lieutenant  Woodruff, 
says: 

I  coincide  with  Lieutenant  Woodruff  in  the  opinion  that  all  the  plans  suffgested  and 
diMcnssed  by  him  offer  no  certainty  of  producing  good  results,  and  that  the  expense 
which  would  be  incurred  by  testing  them  will  be  out  of  all  proportion  to  the  benefits 
derivable  from  success. 

Capt  George  B.  McClellan,  reporting  to  Bvt.  Brig.  Gen.  Joseph  G. 
Totten,  Chief  Engineer,  XJ.  S.  A.  (Ex.  Doc.,  vol.  2,  1863-'64,  p.  561), 
writes: 

The  passes  at  *^  *  ^  Corpus  Christi  and  Aransas  haye  each  but  a  single  outlet, 
all  exceedingly  narrow,  and  none  admitting  any  further  decrease  in  width.  The  only 
)K)fi8ible  ap^catiou  of  dikes  in  these  cases  would  be  to  prolong  the  walls  of  the  out- 
let until  they  reached  a  point  very  near  the  present  position  of  the  bar,  in  order  to 
concentrate  upon  one  spot  the  whole  action  of  whatever  outward  current  there  might  be. 
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The  ultimate  effect  of  this  would  undoubtedly  he  the  formation  of  a  new  bar  outside ; 
that,  too,  at  no  distant  period.  The  immediate  effect  would  by  no  means  be  certainly 
favorable,  and  the  new  outlet  would  be  liable  to  be  closed  up  by  heavv  storms  (sub- 
ject to  breaking  out  again),  as  is  now  frequently  the  case  with  small  inlt^tB  on  the 
coast  of  Florida. 

Capt.  0.  W.  Howell,  February  1, 1879,  reports  upon  a  survey  in  1878 
of  Aransas  Pass,  Corpus  Ghristi  Pass,  &c.,  and  recommends  the  closure, 
to  height  of  mean  low-water,  of  Corpus  Christ!  Pass,  with  the  object,, 
among  others,  of  improving  the  channel  between  Corpus  Christi  and 
Aransas  bays;  dredging  and  deepening  this  channel;  the  eonstniction 
of  a  jetty  from  the  end  of  Saint  Joseph's  Island  toward  the  bar;  protec- 
tion of  the  end  of  Mustang  Island;  preventing,  by  planting  trees,  the 
lower  end  of  Saint  Joseph's  Island  from  losing  sand  by  wind-drifts,  and 
dredging  channel  to  Eockport. 

ESTIMATE. 

Deepening  channel  over  bar  by  jetty ^«>0, 405  OO 

Protection  of  head  of  Mustang  Island 126,440  00 

Dam  across  Corpas  Christi  Pass 11,748  00 

Planting  south  end  of  Saint  Joseph's  Island 2,0W)  00 

Dredging  channel  between   Aransas  and  Corpus  Christi  bays,  three)    ijw'oas  00 

«8^i™^s \    198;88Q  75 

Dredging  channel  to  Rockport  in  Aransas  Pass 30,555  50 

Total : 6aS.382  65 

The  passes  Cavallo,  Amasas,  and  Corpus  Christi,  while  keeping  a 
nearly  north  and  south  direction  as  long  as  sheltered  by  the  sand  islands 
and  peninsula  between  them  and  the  Gulf,  on  making  connection  with  the 
Gulf  turn  8hari)ly  to  the  southeastward,  so  that  the  channels  across 
their  Gulf  bars  are  nearly  in  the  general  or  pi^evailing  direction  of  the  on- 
shore winds  and  storms.  At  Aransas  Pass  the  chart  also  shows  that 
the  channel  of  the  bar,  as  soon  as  it  comes  under  the  influence  of  the 
drift  along  the  coast,  turns  again  from  a  southeasterly  direction  to  one 
more  southerly. 

In  the  communication,  dated  December  30, 1878,  by  Mr.  H.  C.  Col- 
lins, assistant  engineer,  and  filed  with  Captain  Howell's  report,  many 
notes  occur  connected  with  the  physical  features  of  Coq>u8  Christi  and 
Aransas  bays,  which  are  herewith  transmitted  in  substance. 

The  channel  connecting  these  bays  is  partly  an  old  bayou  and  partly 
dredged,  under  the  control  of  a  stock  company,  who  charge  tolls  upon 
articles  of  freight  carried  through  it.  Its  depth  at  summer  low-tides  is 
8  feet,  which  has  not  decreased  more  than  half  a  foot  since  it  was  cut 
through  ^  it  is  very  narrow  at  some  points,  though  for  most  of  the  dis- 
tance it  IS  from  80  to  100  feet  wide.  The  banks  of  the  dredged  portion, 
where  thrown  up  above  water  in  Corpus  Christi  Bay,  are  of  blue  clay, 
quite  hard,  and  do  not  wa«h.  No  sand  bottom  was  found  in  this  por- 
tion of  Corpus  Christi  Bay,  but  the  bottom  in  Aransas  Bay,  from  the 
head  of  the  bay  down  to  Lydia  Ann  and  Ship  channels,  is  sand.  The 
whole  shoal  at  the  lower  end  of  Aransas  Bay  is  sandy  in  places,  but  the 
deep  portions  of  this  and  Corpus  Christi  baj'^s  has  a  blue-clay  bottom, 
except  the  shell  reefs  which  run  out  from  the  shore  in  many  places. 

In  Aransas  Harbor  the  bottom  blue  clay  is  found  at  a  depth  of  27J 
feet,  and  outside  of  the  bar  at  30  feet. 

Of  the  two  channels  connecting  Aransas  Bay  with  lower  harbor,  that  of 
Lydia  Ann  follows  Harbor  Island,  and  is  over  10  feet  for  nearly  its  entire 
length,  but  has  a  bar  at  its  upper  end  of  7^  feet,  while  the  Ship  Chan- 
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nel  has  8  feet  for  more  than  half  ito  length.    The  Lydia  Ann  Channel 
is  increasing  in  width  and  depth. 

The  bad  practice  of  cattle-grazing  upon  the  coast  islands  and  penin* 
I  solas  has  the  effect  of  depriving  the  sand  hills  of  their  protective  cover- 
ing of  grass,  and  these  are  being  fast  carried  inland  under  the  action  of 
winds.  This  drift  sand  has  an  imp<H*tant  bearing,  not  only  upon  the 
depth  of  some  of  the  interior  channels,  but  also  of  the  pass,  including 
the  bar  channels. 

A  great  similiarity  exists  between  Aransas  and  Corpus  Christi  passes^ 
but  the  latter  has  cut  its  way  for  a  distance  of  8  miles  from  its  head, 
while  the  former  has  only  advanced  3  or  4  miles  from  ^  similar  connec- 
tion with  its  bay.  Corpus  Christi  Pass  is  very  shoal  and  narrow,  and 
it  has  at  it«  head  less  than  3  feet  of  water  over  a  wide  quicksand  bar. 
The  sand  blown  from  the  south  end  of  Mustang  Island  was,  at  the  time 
of  the  survey,  much  greater  in  quantity  tha;i  that  from  Saint  Joseph's 
Island.  Corpus  Christi  Pass  is  said  to  have  decreased  to  about  half  the 
size  it  had  in  1846.  It  is  now  much  shoaler  and  more  narrow  than  it 
was  at  tiie  time  of  Lieutenant  WoodrufiTs  survey  in  1871. 

The  head  of  Mustang  Island  is  continually  receding  towards  the 
southwest,  and  Aransas  Pass  follows  with  it.  A  comparison  of  the 
Coast  Survey  charts  of  1858  and  1868  with  each  other,  and  with  Lieu- 
tenant Woodrufl's  of  1871,  and  the  last  survey  of  1878,  shows  an  annual- 
rate  of  wear  from  210  to  260  feet. 

The  area  of  these  back  bays  is  very  great,  and  for  nine  or  ten  months 
in  the  year  no  fresh  water  runs  into  them.  The  evaporation  is  so  great 
that  salt  is  found  in  the  shoal  water  far  back  from  the  gulf.  From 
Laguna  Madre,  which  is  a  part  of  Corpus  Christi  Bay,  the  beef-packers 
obtain  their  salt.  In  consequence  of  the  evaporation,  the  bay  waters 
are  more  dense  than  those  of  the  Gulf. 

From  observations  of  the  tides  at  Aransas  Pass,  the  Gulf  waters 
breaking,  even  on  quiet  days,  upon  the  flat  between  Saint  Joseph's 
Island  and  the  wreck  of  the  St.  Mary,  were  carried  in,  during  the  flood, 
gr^y  with  sand,  which  was  deposited  by  the  time  the  current  reaohed 
the  light-house.  The  flood-tide  currents  were  found  only  from  the  sur- 
face to  about  mid- depth  of  the  passes  for  the  rest  of  the  depth,  there 
being  no  current.  The  Gulf  water  remained  entirely  distinct  from  the 
bay  water  up  through  Lydia  Ann  and  Ship  channels,  slowly  mixing 
with  the  hea\ier  bay  water. 

On  the  ebb,  the  current  in  the  channel  abreast  the  head  of  Mustang 
Island  was  aboiit  as  strong  near  the  bottom  as  at  the  top ;  and  the  notc^ 
of  the  survey  also  state  that  none  of  the  water  ran  out  over  the  flat 
where  it  came  in. 

It  is  also  stated  that  in  1869  a  short  pier,  600  feet  long,  was  run  out 
from  the  south  end  of  Saint  Joseph's  Island,  with  the  aid  of  funds  de- 
rived fr-om  private  subscription. 

The  consequence  was  that  for  several  months  an  increased  depth  over 
the  bar  of  2  feet  was  obtained. 

ThuB  far,  from  the  notes  of  the  survey,  which  in  some  places  have 
been  literally  transcribed. 

PROJECT  FOB  AEANSAS  AND  COBPUS  CHBISTI  BAYS. 

The  problems  then  presented  to  the  Board  are : 
First.  The  improvement  of  the  depth  of  Aransas  Bar. 
Second*  To  improve  the  interior  navigation  from  Aransas  Pass  up  to 
Bockport. 


1264  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMT. 

Third.  To  improve  the  present  channel  connecting  Corpus  Ohristi 
and  Aransas  bays. 

Fourth.  As  connected  with  the  preceding,  and  to  improve  the  channel 
into  Laguna  Madre,  to  close  the  inlet  of  Corpus  Christi  Bay. 

Taking  up  these  in  the  order  named,  the  Board  presents  a  project  (see 
sketch  below)  of  parallel  jetties  from  the  south  end  of  Saint  Joseph's 
Island  and  the  north  end*  of  Mustang  Island,  contracting  the  width  of 
water-way,  and  carried  out  to  a  sufficient  distance  to  afford  a  draught 
of  12  feet  at  mean  low-water  over  the  bar,  and  of  groins  for  the  pro- 
tection of  the  head  of  Mustang  Island  up  to  and  beyond  Turtle  Cove, 
in  conjunction  with  a  beach  flooring  of  mattresses,  which  may  at  certain 
points  be  necessary  until  the  shore-line  shall  have  been  fixed  and  cou- 
solidated  by  the  groins. 

ESTIMATE. 

North  jetty : 

4, 000  feet,  6  feet  high,  7^  feet  wide  on  top,  at  $36 $144,000 

1,000  feet,  efeetbigh,  10  feet  wide  on  top,  at  $58 58,000 

•2,000  feet,  8  feet  high,  20  feet  wide  on  top,  at  $71 142,000 

1344, 000 

South  jetty : 

1, 100  feet  on  shore,  at  $3 3,300 

900  feet,  6  feet  high,7i  feet  wide  on  top,  at  $36 32,400 

2,800  feet,  8  feet  high,  10  feet  wide  on  top,  at  $58    162,000 

1,:^  feet,  8  feet  high,  20  feet  wide  on  top,  at$71 , 95,850 

293,950 

Groins : 

2, 600  feet,  at  $4 10,400 

2, 000  feet,  at  $8 16,000 

26, 400 

Shore  protection  with  niattressee : 

2, 000  feet,  150  feet  wide,  at  $12 24,000 

688,350 
Contingencies,  &c.,  10  per  cent 68,835 

Total  for  jetties,  groins,  and  shore  protection 757, 1K=) 

Planting  trees  on  Saint  Joseph's  Island 2, 000 

Total 759,185 

The  portions  of  the  project  in  full  lines  are  recommended  to  be  first 
constructed ;  and  these,  as  well  as  the  other  portions  designed  for  a 
later  construction,  should  be  undertaken  in  such  combinations  as  to 
meet  the  necessities  of  the  case. 

One  important  consideration  also  ought  to  be  to  take  the  works  in 
that  order  which  would  involve  the  least  loss  in  the  event  of  a  long 
omission  by  Congress  to  appropriate  further  amounts. 

One  of  the  members,  General  Kewton,  considers  it  preferable  to  dis- 
pense with  the  jetty  from  Saint  Joseph's  Island,  retaining  that  from 
Mustang  Island,  for  several  reasons.  As  none  of  the  meml^rs  consider 
that  improvement  of  the  bar  would  n^o^^artZj^  be  permanent,  because  a 
mere  extension  of  the  pass  by  jetties  may  induce  the  closing  of  the 
channel  as  at  Corpus  Christi  Bay,  so  by  the  consolidation  of  tiie  drift 
sand  about  the  jetties  on  both  sides  of  tiie  channel  the  impediments  to 
the  water  flowing  in  and  out  may  be  further  increased,  and  the  closing 
of  the  pass,  if  such  tendency  now  exists,  accelerated.  Second.  Because 
one  jetty  on  the  south  side  of  the  pass  may  suffice,  in  conjunction  with 
the  north  shoal,  to  sustain  the  ebb  currents.  Third.  A  wider  opening 
will  be  left  for  the  flood-tide.  Fourth.  One  jetty  would  be  less  costly 
than  two ;  and,  Fifth.  The  other  jetty,  if  further  experience  should  in- 
dicate any  beneficial  effects  to  be  derived  from  it,  could  be  afterwards 
constructed. 
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ESTIMATB. 

Soutb  jetty : 

MOO  feet  on  shore.  at|3 $33,000 

90Ofeet,  6  feet  high,  7J  feet  wide  on  top,  at  $36 32,400 

2,  SOO  feet,  8  feet  hijrh.  20  feet  wide  on  top,  at  |58 162, 400 

l,350feet,  lOfeetklgh,  20  feet  wide  on  top,  at  $94. 126,000 

$325, 000 

Groina: 

3, 100  feet,  at  $4 12,400 

2, 000  feet,  at  $8 16,000 

900  feet,  at  $16 14,400 

42,800 

Shore  protection  witli  mattresses : 

2, 000  feet,  150  feet -wide,  at  $12 24,000 

391,800 
10  per  cent,  for  contingencieH 39,180 

430, 980 
Plauting  trees  on  Saint  Joseph's  Island 2,000 

Total 432,980 

Tke  poi-tions  of  this  project  in  full  lines  are  recommended  to  be  first 
(*oiistnicted,  the  probable  eiiect  being  to  stop  the  abrasion  of  the  outer 
poiat  of  the  island  head  as  well  as  to  produce  an  immediate  effect  upon 
the  bar.  The  amount  of  funds  available  will  not  suffice  for  the  section 
of  jetty  under  consideration  as  well  as  for  the  first  given,  the  construc- 
tion of  which  should  proceed  together  in  order  to  protect  the  outer 
point  of  the  island,  but  the  construction  of  sufficient  length  of  the  jetty 
to  produce  an  immediate  effect  upon  the  bar  is  possible  with  the  funds 
on  hand. 

For  future  operations  the  protection  of  the  head  of  Mustang  Island 
and  the  prolongation  of  the  jetty  should  go  together,  depending  upon 
the  necessities  of  the  case,  and  adhering  to  the  principles  laid  down. 

The  Board  finds  that  no  precedents  have  been  established  upon  this 
coast  competent  to  indicate  the  best  mode  of  constructing  the  jetties 
and  groins  in  those  positions  exposed  to  heavy  seas.  As  the  most  suit- 
able in  resi^ect  to  economy  and  convenience,  they  suggest  a  structure 
of  reed  mattresses,  supposed  to  be  proof  against  the  teredo,  weighted 
with  small  stone,  the  upper  and  exposed  surfaces  to  be  paved  with  large 
stone  or  concrete  blocks.  Brush  might  advantageously  be  placed  be- 
tween the  mattresses,  in  the  interior  of  the  mass,  where  it  would  be 
protected  from  the  worm.  The  Board  also  recommends  that  the  works 
in  places  exposed  to  the  full  force  of  the  Gulf  storms  should  be  caiTied 
on  daring  the  favorable  seasons  of  the  year,  and  that  the  sections  sue- 
i^ssively  commenced  should  be  entirely  finished  and  protected  before 
the  advent  of  the  stormy  seasons.  As  to  those  portions  of  the  project 
with  little  or  no  exposure  to  tlie  wayes,  much  cheaper  constructions, 
suggested  by  the  materials  at  hand^  would  suffice. 

Before  discussing  any  project  for  providing  a  depth  of  20  feet  upon 
the  bar  in  order  to  constitute  the  lower  part  of  Aransas  Bay  a  harbor  of 
refage,  or  as  a  resort  for  lines  of  large  steamers,  the  Board  considers  it 
liej^t  to  await  the  results  of  the  experience  to  be  gained  as  to  feasibility 
and  cost  from  their  more  moderate  project. 

Ah  to  the  second  problem,  viz,  the  improvement  of  the  interior  nav- 
i;ration  from  Aransas  Pass  to  Kockport,  the  discussion  of  this  should 
wait  upon  the  protection  of  Saint  Joseph's  Island  from  abrasion  by 
winds  and  upon  the  success  of  iocreasing  the  depth  over  the  bar  to  12 
ft^-t.     The  dei)th  of  water  in  this  interior  channel  is  now  8  feet,  and  if 

SO  £ 
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dredged  before  the  protection  of  the  island,  wonld  be  liable  to  deteriora- 
tion from  sand  blown  off  by  winds.  The  third  problem — the  advisa- 
bility of  improving  the  channel  between  Corpus  Christ!  and  Aransas 
Bays — may  likewise  wait  upon  the  improvement  of  the  bar,  before  ob- 
taining which  result  no  additional  depth  would  be  necessary. 

The  fourth  problem — the  closure  of  Corpus  Christi  Inlet — should  not 
be  undertaken  until  its  necessity  becomes  more  apparent  than  it  now 
is,  or  before  the  communication  between  the  two  bays  is  made  widei* 
4ind  deeper. 

The  recommendation  of  Captain  Howell,  to  plant  trees  upon  Saint 
Joseph's  Island  for  its  protection  against  abrasion  by  winds,  is  indorsed. 

It  is  stated  that  a  pier  600  feet  in  length,  constructed  in  1869,  from 
the  end  of  Saint  Joseph  Island,  caused  the  temporary  de<?pening  of 
Aransas  bar.  It  is  not  clear  how  such  effect  could  be  attributed  to  the 
structure,  unless,  as  Lieutenant  Woodruff  reports,  it  was  instrumental 
in  closing  a  swash  channel  then  existing.  Its  effect  in  preventing  the 
transportation  of  sand  into  the  channel  by  the  waves  and  flood  current? 
should  have  been  very  slight,  since  Mr.  Collins,  assistant  engineer,  re- 
ports that  the  extent  of  shoal  over  which  the  waves  and  currents  acted 
extended  from  the  point  of  Saint  Joseph's  Island  to  the  wreck  of  the 
Saint  Mary,  a  distance  of  about  5,500  feet. 

At  the  present  time,  however,  no  swash  channel  exists  to  the  deteri- 
oration of  the  depth  on  the  bar,  and  a  much  more  considerable  length  of 
jetty  would  be  required  to  produce  any  effect  at  all. 

It  is  difficult  to  perceive  how  a  sufficient  length  with  such  object 
could  be  constructed  from  the  available  funds  (about  $35,000,  appropri- 
ated March  3, 1879)  unless  the  works  be  made  of  a  slight  and  temporary 
character,  liable  to  destruction  by  the  first  severe  storm. 

The  communications  to  the  Secretary  of  War  on  the  part  of  the  Hon. 
Pryor  Lee,  president  and  general  agent  of  the  Aransas  Road  Company, 
bearing  date  June  16  and  17, 1879,  with  printed  summary  statement  by 
the  road  company  on  application  to  the  Texas  legislature  for  relief, 
and  the  act  of  relief  granted,  all  go  to  prove  that  the  Aransas  Road 
Company  possesses  no  right  to  collect  tolls  on  vessels  entering  Aransas 
Pass.- 

GALVESTON  HAEBOR. 

An  examination  of  this  harbor  with  a  view  to  the  question  of  its  im 
provement  was  made  by  Lieut.  Geo.  B.  McClellan,  Corps  of  Engineers, 
in  the  year  1852,  but  it  does  not  appear  that  anything  resulted  there- 
fi'om. 

In  1867  a  survey  of  the  harbor  was  made  by  Lieutenant  Stanton, 
under  direction  of  Major  McAlester,  Corps  of  Engineers,  and  reports 
were  submitted,  with  estimates,  looking  to  the  improvement  of  the  inner 
harbor,  and  an  appropriation  was  made  in  1868  to  dredge  the  inner  bar. 

In  the  year  1869  the  citizens  of  Galveston  commenced  a  pile  dike, 
which  was  extended  from  the  city  towards  Fort  Point,  with  a  view  to 
conti-acting  the  water-way,  and  thus  scouring  off  the  inner  bar.  About 
1  mile  of  this  dike  had  been  completed  in  1873  with  beneficial  results. 

Captain  Howell,  Corps  of  Engineers,  assumed  charge  of  this  harbor 
in  1869,  and  after  a  short  study  of  the  position,  gave  it  as  his  opiniou 
that  dredging  would  furnish  but  a  temporary  relief.  New  surveys  were 
therefore  instituted  by  him,  and  after  their  completion  and  a  thorongli 
investigation  of  the  subject  involved,  a  project  was  submitted  to  the 
Chief  of  Engineers  in  1873  for  the  removal  of  the  inner  bar  and  deep- 
ening the  channel  over  the  outer,  possibly  to  18  feet  depth. 
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Hub  project  consisted  in  the  extension  of  the  city's  dike  to  the  north- 
east, to  force  the  water  flowing  from  Galveston  Harbor  in  that  direction 
far  enough  to  remove  by  scouring  the  inner  bar  before  x)ermitting  it  to 
flow  toward  and  into  the  Gulf. 

2d.  In  the  prolongation  of  this  dike  after  turning  it  seaward  well  oat 
toward  the  outer  bar. 

3d.  In  the  construction  of  a  similar  dike  from  the  outer  shore  of 
Bolivar  Point  in  a  direction  nearly  at  right  angles  to  the  coast  line  and 
approximately  parallel  to  the  first ;  both  jetties  to  be  extended  to  such 
distances  as  would,  by  contracting  the  water-way,  deepen  the  Gulf  bar 
to  a  possible  draught  of  18  feet. 

The  Board  of  Engineer  officers  (three  of  whom,  including  Captain 
Howell,  are  members  of  this  Board)  ordered,  February  2, 1874,  to  con- 
.sider  and  report  upon  the  foregoing  project,  approved  the  general  plan 
of  the  improvement,  but  expressed  their  doubts  as  to  the  durability  of 
the  cemented  gabions  with  which  it  was  proposed  to  build  the  jetties. 

The  report  of  the  Board  will  be  found  in  the  Report  of  the  Chief  of 
Engineers  for  1874,  Part  I,  page  736.  After  a  short  description  of  the 
{M)sition  and  its  tidal  phenomena,  the  Board  give  their  opinion  of  the 
improvement  as  follows : 

That,  if  piers  proposed  by  Capt.iiu  Howell  were  constnicted,  extendiug  over  the 
W,  the  depth  of  water  thereon  would  ho  increased  in  an  important  depjree,  thoagh 
exactly  what  depth  might  be  looked  for  cannot  be  predicted.  It  is  also  believed  that 
the  iiuibore  extremity  of  the  pier  on  the  Fort  Point  side  of  the  entrance,  from  the 
j)oint  where  it  connects  with  the  bulkhead  constructed  by  the  city  to  where  it  joins 
the  long,  straight  portion  running  to  the  bar,  will  have  the  effect  of  moving  the  bar 
at  the  Galveston  Harbor  entrance  near  to  Bolivar  Channel,  whereby  it  will,  to  some 
extent,  be  carried  off  by  the  main  current  of  the  latter. 

As  to  its  permanency,  and  method  of  construction  with  gabions,  they 
added: 

If  taken  literally,  this  condition  (of  permanency)  cannot,  in  the  opinion  of  the 
Boanl,  be  falfilled  by  the  present  pnyect,  nor  by  any  other  known  method  of  improve- 
ment.  Though  the  present  piers  will  not  secure  an  actual  permanency  of  the  depth  at 
tint  attained,  unless  they  should  be  from  time  to  time  extended,  *  *  *  it  is  be- 
lieved that  the  requirements  of  a  practical  permanency  will,  under  the  conditions 
before  expressed,  be  fultllled. 

As  regards  the  metho<l  of  construction  propose<l  by  Captain  Howell  the  Board  is 
compelled  to  speak  with  less  confidence.  The  importance  of  some  device  for  piers  or 
training-walls  for  the  improvement  of  our  harbors  which  shall  be  less  costly  than 
those  hitherto  practiced,  is  reatlily  recognized    *    •    • 

The  Board  therefore  thinks  it  would  bo  well  to  make  a  trial  of  the  device,  and 
would  thereforere  commend  that  be  tested  by  first  constructing  the  inner  end  of  the 
pier  on  the  Fort  Point  side,  and  if  found  to  succeed  there,  that  the  pier  on  the  other 
«ide  be  commenced  at  its  shore  end,  while  at  the  same  time  a  length  of,  say,  iix)m  300 
to  500  feet  be  put  down  near  the  bar  extremity  of  the  same  pier  to  test  its  efficiency 
ill  the  most  exposed  position,  the  extremities  of  this  detached  portion  being  protected 
ftom  the  undermining  action  of  the  waves  and  currents  by  a  suitable  apron  of  bag^  of 
concrete  or  other  material.  By  carrying  out  the  shore  end  of  the  pier  at  the  same 
time  as  or  before  the  experimental  portion  on  the  outer  bar,  some  idea  can  be  formed 
» to  the  width  to  be  given  to  the  latter  to  enable  it  to  withstand  the  violent  action  in 
that  exposed  {kosition. 

It  was  thought  by  Captain  Howell  and  the  other  members  of  the 
Board  that  the  drift  sand  would  bury  the  gabionnade,  and  the  trial  pre- 
scribed was  therefore  needed  to  test  its  durability  until  thus  covered. 

An  appropriation  of  $60,000  for  the  improvement  of  Galveston  Harbor . 
was  made  in  L874  and  the  work  commenced.  During  the  summer  nearly 
^  running  feet  of  gabions  were  laid  in  the  Fort  Point  d.ke  or  pier, 
which  withstood  the  September  gale.  In  consequence  a  favorable  report 
thereon  was  made  to  the  Chief  of  Engineers,  who  referred  the  question 
^  to  the  method  of  construction  back  to  the  Board  by  letter  of  instruo- 
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tions  of  December  31, 1874,  to  decide  if  the  test  to  which  it  had  been 
subjected  was  in  their  opinion  adequate  to  establish  the  system. 

The  reply  of  the  Board,  given  in  Report  of  the  Chief  of  Engineers. 
Part  I,  1875,  page  869,  says  briefly: 

We  do  not,  therefore,  regard  the  trial  made  by  Lieutenant  Quinu  as  decisive,  but 
still  advise  that  the  full  tests  recommended  in  our  report  of  January  1)^4,  be  earriHl 
out. 

Should  further  trial  prove  it  a  suitable  stnicture  fur  a  breakwater  on  the  Gulf,  it> 
manner  of  construction,  whether  with  a  single  row  of  gabions,  or  two,  or  even  three 
in  the  first  tier,  and  its  height  and  finish  at  top,  must  be  worked  out  by  continued 
experiment.  So  great  a  saving  will  be  effected  by  limiting  the  construction  to  a  sin^i^le 
1*0 w  of  gabions  in  each  tier,  that  the  trial  with  this  limit  ought  to  be  made  in  connec- 
tion with  the  method  of  two  rows  in  those  port.ions  of  the  Jetties  it  is  proposed  to 
build  in  order  to  test  the  practicability  of  the  system. 

In  the  summer  of  1875,  with  the  farther  appropriation  of  $150,000, 
preparations  were  made  for  contiBuing  the  work  on  a  larger  scale  by 
increasing  the  plant,  collecting  a  sufiicient  supply  of  material,  and  cod- 
structiDg  a  large  number  of  gabions.  In  addition  about  2,000  feet  of 
gabionnade  had  been  put  in  place  when  the  hurricane  of  September  lo, 
almost  unprecedented  in  duration  and  force,  destroyed  nearly  everything 
on  hand  and  washed  away  the  north  part  of  Galveston  Island  in  the  vicin- 
ity of  Fort  Point  to  such  an  extent  as  to  leave  portions  of  it  under  water 
at  ordinary  high-tide.  The  losses  to  the  government  work  by  the  storm 
were  reported  as  amounting  to  $50,000. 

In  consequence  of  reported  changes  in  the  channels  and  shoals  of  the 
harbor  of  Galveston  and  its  entrance,  produced  by  the  hurricane  of  Sep- 
tember 15, 1875,  the  Board  upon  the  improvement  of  this  harbor  was 
again  called  upon,  December  10, 1875,  to  review  the  subject  and  to  give 
their  opinion  whether  any  modification  of  the  plan  heretofore  followed 
was  made  necessary  by  the  experience  due  to  tlie  gale.  Their  report  is 
given  in  the  Chief  of  Engineers'  Report  of  1876,  part  I,  page  581,  from 
which  we  quote  their  conclusions,  as  follows: 

1.  That  the  two  jetties  or  training  walls  recommended  in  the  report,  of  January. 
1674,  will,  if  constrncted,  produce  an  important  increase  of  depth  over  the  outer  bar. 

2.  That  the  ]>ortion  to  be  iirNt  constructed  should  be  that  part  of  the  went  jetty 
starting  from  Fort  Point  towards  the  main  channel  and  continuing  as  far  along  tht< 
same  as  may  be  necessary  in  order  to  improve  the  inner  bar,  by  pre veu tine  the  tran>- 
port  of  the  sand  by  waves  and  currents  into  the  inner  channel  and  allowing  the  cur- 
rents of  that  channel  to  increase  the  erosion. 

3.  As  the  use  of  gabions  is  a  novelty,  and  consequently  as  we  have  no  experiuientjil 
knowledge  regarding  their  reliability  for  such  works,  they  should  not  be  adopted  deti- 
nitely  for  the  main  works  until  a  more  thorough  and  extended  test  shall  have  been 
made  of  them  by  the  extension  of  the  inshore  end  of  the  Fort  Point  jetty,  by  const  mot - 
ing  from  300  to  400  feet  of  the  northern  jetty  on  the  most  exposed  position  on  the  bar 
and  of  a  f>ortion  of  the  inshore  end  of  that  jetty,  as  recommended  in  onr  first  report. 

It  should  be  stated  that,  in  the  opinion  of  the  Board,  the  use  of  tliese  gabions  in 
exposed  positions  can  be  attended  witli  success  only  in  case  they  shall  be  soon  covennl 
by  the  drifting  sands,  so  as  to  protect  them  from  injury  Irom  the  continued  action  of 
waves,  from  the  shock  of  floating  bodies,  and  from  all  other  causes  which  might  tciui 
to  disrupt  them  and  allow  their  sand  tilling  to  escape.  When  so  protected  they  ^vill 
form  a  nucleus  for  the  sand  ridges  as  stable  and  as  permanent  as  if  of  stone  or  conVretc. 
But  if  not  so  protected,  those  gabion  structures  will  be  c-cnistantly  liable  to  injury  an<l 
in  time  to  decay,  when,  losing  their  sand  filling,  the  structure  would  soon  be  wjisIumI 
away.  That  the  proposetl  jetties  will  be  so  covered  seems  probable,  but  ran  be  deter- 
mined only  by  trial  such  sis  we  have  recommended. 

Establishing  a  suitable  plant  on  Bolivar  Peninsula,  instead  of  rebuild 
ing  it  at  Fort  Point,  collecting  needed  material  and  manufacturinjr  p^ 
bions  with  which  to  resume  construction,  nearly  exhausted  the  balance 
of  the  second  appropriation  and  caused  cessation  of  work  early  in  Jiil.v 
1876.  The  third  appropriation  (^142,000)  was  made  in  August,  187(> 
but  was  not  freely  available  until  February  22, 1877.    With  it  the  Bol 
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ivar  pier  was  commeDced  and  the  Fort  Point  gabioDoade,  designed  to 
remove  the  inner  bar,  continued  and  finallj  comi>leted,  the  funds  giving 
oat  in  jSTovember  of  tliat  year.  In  June,  1878,  a  fourth  appropriation 
$125,000)  was  made  by  Congress,  which  has  been  expended  in  the  con- 
stmction  of  the  Bolivar  pier  to  a  length  of  about  7,000  feet,  and  the  col- 
lection of  material  and  manufacture  of  a  large  number  of  gabions  for  this 
(Summer's  work.  ^ 

The  inner  b^  by  the  action  of  the  Fort  Point  pier  has  been  removed 
to  a  depth  of  20  iieet.  The  effect  of  the  Bolivar  pier  is  reported  as  favor- 
MCj  but  it  has  not  yet  been  extended  far  enough  to  give  au  increase  of 
depth  on  the  outer  bar. 

Having  thus  given  a  brief  history  of  the  works  of  improvement  at 
Galveston  during  the  past  live  years,  the  Board  proceeds  to  the  main 
question  presented  for  its  consideration,  viz :  Have  the  cemented  gabions 
lused  thus  far  in  building  the  Galveston  piers  been  sufiOiciently  tested  as 
to  solidity  and  durability  to  warrant  their  continued  use  in  the  comple- 
tion of  these  piers  f 

In  their  trial  at  the  Fort  Point  pier  they  stood  against  the  force  of 
currents  and  storm  waves  until  .they  were  covered  by  sand,  thus  fulfill- 
ing: the  purpose  for  which  they  were  intended  by  becoming  the  nucleus 
for  a  sand  pier.  It  was  the  expectation  of  Captain  Howell,  the  origin- 
ator of  this  method  of  Gonsti*ucti(m,  as  well  as  of  the  iBoard  that  recom- 
mended its  trial,  that  the  diift  sand  of  the  coast  would  cover  the  gabion - 
nade  in  a  few  months  after  it  had  been  placed  in  position,  or  at  least 
sufticiently  so  to  protect  it  in  great  part  from  the  destructive  effects 
of  storm  waves.  While  such  result  was  obtained  at  the  Fort  Point  pier, 
the  same  success  has  not  attended  the  construction  of  the  Bolivar  pier. 
Ibis  latter  has  been  extended  seaward  into  the  open  gulf  about  7,000  feet. 
A  portion  of  the  gabions  were  placed  directly  on  the  sand  bottom.  These 
settled  into  the  sand  to  depths  varying  from  ^  to  §  of  their  height,  pos- 
sibly by  oscillation,  while  those  placed  on  mattresses  do  not  appear  to 
have  sunk  to  any  appreciable  degree;  nor  has  the  di*ift  formed  against 
them  thus  far,  as  was  anticipated.  Exposed  to  the  full  force  of  the  storms, 
about  I  part  of  the  gabions  placed  in  the  north  pier  have  been  broken 
ap  and  disappeare^l.  Captain  Howell  attributes  this  loss  in  part  to  the 
fact  that  many  of  these  gabions  had  been  kept  on  hand  for  a  long  period, 
between  one  and  two  years,  liefore  they  were  used,  and  that  in  conse- 
qoence  the  wood  of  which  they  were  in  part  made  had  suff'ered  partial 
decay.  Further,  that  many  of  the  gabions  thus  lost  were  not  entirely 
filled  with  sand  and  did  not  attain  their  full  weight,  stability,  and 
Htrength.  Many  delayS  and  adverse  circumstances  have  attended  this 
work  as  thus  far  carried  on. 

It  is  not  inappropriate  here  to  allude  to  the  magnitude  of  this  enter- 
prise. The  building  of  7  miles  of  piers  into  the  open  Gulf  of  Mexico, 
beyond  the  shore  line,  is  an  undertaking  of  its  kind  nnprecedent.ed  iu 
this  country.  The  Delaware  breakwater  and  those  more  noted  abroad, 
H.S  at  Plymouth,  Cherbourg,  Algiers,  and  Port  Said,  being  enrockments 
of  natmal  or  artificial  stone^  are  not  parallel  cases.  They  were  regarded 
iiA  too  exx>ensi ve  methods  oi  construction  for  this  locality.  The  question 
Ht  Galveston  was  to  build  into  the  Gulf  (where  the  water  is  shoal 
enough  to  become  in  violent  storms  either  a  continuous  line  of  breakers 
or  sufficiently  approaching  thereto  to  involve  the  destructive  effects  of 
wave  translation)  two  piers  by  some  method  that  would  bring  the  cost 
within  justifiable  and  therefore  practicable  limits  of  expenditure.  It 
was  with  this  view  that  the  cemented  gabion  was  resorted  to.  It  was 
<iu  experiment  under  x>6culi9r  circumstances.    It  finds  only  in  pai*t  a 
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parallel  in  the  improvement  of  the  month  of  the  Maas.  the  outflow  of 
which  was  in  part  tidal  and  in  part  a  river  current,  ana  the  piers  a  de- 
parture from  the  heretofore-established  system  known  as  enrockment. 
It  is  quite  probable  that  the  same  system,  viz,  alternate  layers  of  mat- 
tress and  stone,  carefully  laid  and  protected  on  the  slopes  and  top 
curved  surface  above  water  by  large  blocks  selected  and  placed  with 
care,  might  have  been  efficient  at  the  Galveston  piers;  but  it  was 
thought  to  be  too  costly  on  account  of  the  difficulty  of  obtaining  suitable 
stone.  The  gabion,  therefore,  was  resorted  to  as  worth  the  trial,  and 
with  the  hope  that  it  would  furnish  a  method  of  construction  in  like 
cases  not  so  expensive  as  to  be  i)rohibitory.  As  an  experiment,  it  was 
open  to  modification  when  experience  should  suggest  changes  promising 
improvement.  The  change  from  the  cylindrical  to  the  large  oblong 
gabions  was  made  soon  after  the  Fort  Point  gabionnade  was  commenced 
with  a  view  to  greater  weight,  and  hence  to  stability  and  to  economy  of 
construction ;  but  it  is  questionable  if  the  change  has  not  weakened 
the  structure.  This  was  of  no  consequence  in  the  south  pier,  or  so  lon<r 
as  the  gabionnade  was  rapidly  covered  by  drift  sand ;  but  in  the  north 
pier,  which  has  thus  far  shown  very  little  collection  of  sand,  the  strength 
of  the  gabion,  and  hence  its  durability,  becomes  an  essential  feature. 
The  fact  that  one-gixth  part  of  those  laid  on  the  north  pier  have  been 
destroyed  is  proof  that  they  were  not  strong  enough  to  withstand  the 
waves  to  which  they  were  subjected.  Defects  in  the  making,  the  ma- 
terial, and  the  filling  may  account  for  the  breaking  of  a  pait,  perhapj^ 
the  larger  part,  of  these  lost  gabions,  yet  the  inference  remains  that 
they  are  not  strong  enough,  as  laid,  to  undergo  continued  battering  of 
the  waves.  In  this  connection  it  should  be  stated  that  the  loss  occurred 
on  the  inshore  portion  of  the  gabionnade,  where  they  were  subjected  to 
greater  strains  by  the  force  of  the  shoaler  water  translated  into  breakers 
by  storms. 

It  would,  however,  be  very  unjust  to  the  originator  of  this  system  of 
construction  to  condemn  it  on  imperfect  evidence  without  personal 
examination  and  without  being  sure  that  we  comprehend  fully  all  the 
circumstances  under  which  an  apparent  or  partial  failure  at  one  point 
has  occurred.  Had  any  other  system  whatever  been  used,  it  is  quite 
probable  there  would  have  been  delays,  destruction  of  plant,  and  other 
losses,  as  well  as  occasional  injury  to  the  unfinished  w^ork  by  reason  of 
the  violent  storms  of  this  locality,  and  the  l^quent  cessation  of  work 
from  that  and  other  causes. 

It  seems  quite  probable  that  the  gabions  have  not  been  made  as  strong: 
a2s  they  should  be ;  that  they  are  not  sufficiently  braced  inside,  and  that 
tJie  heads  are  not  as  secure  as  they  might  be  made  by  being  tied  together 
by  several  rods.  The  question  also  occurs  as  to  the  best  manner  of 
placing  them,  whether  in  a  single  row,  lengthwise,  or  in  two  rows,  side 
by  side,  or  removed  a  short  distance  one  from  the  other ;  or  again,  in  a 
single  row  placed  crosswise. 

Until  the  above  methods  have  been  tried  with  gabions  made  stronger 
tiian  those  hitherto  used,  the  Board  cannot  rega«i  the  question  of  their 
success  or  failure  as  fully  decided. 

It  may  yet  occur  that  the  gabionnade  will  collect  drift-sand,  and  thus 
protect  itself.  The  time  that  has  elapsed  since  the  Bolivar  pier  was 
commenced  is  not  sufficient  to  determine  that  question. 

This  Board,  therefore,  in  conclusion,  recommend,  as  Captain  Howell 
has  on  hand  about  600  gabions  (which  if  not  used  would  be  mere  waste) 
that  he  strengthen  them  and  try  the  methods  of  placing  them  suggested, 
and  cause  close  observations  to  be  made  with  a  view  to  detennine  (if 
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any  fail),  in  what  way  they  are  injured  or  give  way,  and  to  gather  such 
other  experience  therefrom  as  will  enable  this  Board  to  form  a  decision 
as  to  the  efficiency  of  the  system  after  this  further  trial.  In  the  mean 
time  no  more  gabions  should  be  made. 

This  Board  further  suggests  that  the  method  by  alternate  layers  of 
simple  brush  or  reed  mattresses  and  stone  be  tried,  provided  stone  can 
be  obtained  from  the  Ttinity  or  San  Jacinto  rivers  above,  or  from  any 
other  source,  more  cheaply  than  concrete  can  be  made.  If  not,  that  con- 
crete in  blocks  be  used,  or  in  bags,  instead  of  stone.  The  object  of  tr^'- 
ing  this  method  is  twofold — 

IsL  To  determine,  if  possible,  upon  some  method  of  surface  finish 
that  will  endure  without  displacement  the  shock  of  the  storm  waves. 

2d.  To  determine  its  cost  or  relative  economy  to  other  systems. 

There  can  be  little  doubt  that  the  Dutch  system  would  be  as  success- 
fal  at  Galveston  as  at  the  mouth  of  the  Maas. 

Any  system,  however,  that  exposes  small  stone  on  the  surface  and 
slopes  to  the  action  of  open-sea  breakers  will  be  liable  to  injury,  and 
wiU  at  times  require  repairs.  Breakwaters  which  are  enrockments 
have  usually  been  covered  on  the  upper  part  of  their  sloping  sides  and 
on  the  top  by  very  large  selected  stone  placed  with  care,  and  they  have 
been  further  protected  by  a  heavy  course  of  stone  laid  as  a  binding  wall 
on  the  upper  surface,  or  they  have  been  built  of  blocks  of  concrete  of  a 
weight  of  25  tons  and  upwards,  large  enough  to  resist  the  moving  power 
of  waves.  The  outer  portion  of  the  two  jetties  built  into  the  Gulf  of 
Mexico,  at  the  mouth  of  the  South  Pass  of  the  Mississippi,  have  been 
injured  by  storm  waves,  which  rolled  the  top  stones — quite  large  granite 
blocks — from  the  surface  down  the  slopes  into  the  sea.  While,  there- 
fore, we  recommend  for  trial  the  system  by  alternate  layers  of  mattresses 
and  stone,  we  suggest  that  the  Holland  or  Maas  dike  be  taken  as  the 
model,  the  mattresses  of  which  are  made  thin  and  sufficiently  weighted 
with  small  stone  to  consolidate  them  as  the  work  progresses.  There  is, 
however,  no  necessity  for  the  use  of  fascines,  for  reed  or  brush  will  con- 
solidate sufficiently  if  the  mattresses  are  made  thin  and  properly  loaded. 
The  protection  of  the  surface  is  the  difficult  question  to  be  solved,  and 
we  are  not  aware  of  any  method  to  accomplish  that  object  with  an  ab- 
solute surety.  The  pavement  of  the  slopes  and  upper  surface,  after  the 
Bukh  method,  is  better  tested  than  any  other.  It  is  quite  possible  that 
concrete  blocks  of  great  weight  maj^  prove  to  be  a  gooil  finish  to  these 
jetties  as  large  stone  have  been  to  the  ordinary  stone  breakwater. 

There  is  no  very  cheap  way  of  building  jetties  into  the  ocean.  As  far 
as  we  can  learn,  the  Maas  jetty,  where  16  feet  deep,  cost  about  $200  per 
numing  foot.  At  Galveston  the  depth  will  vary  from  8  to  12  feet,  and  the 
tToss-section  will  be  very  much  reduced,  varying  nearly  as  the  squares 
of  the  depths.  Could  suitable  stone  be  procured,  the  cost  might  not  be 
relatively  greater  than  in  Holland.  The  system  is  worth  the  trial,  omit- 
ting the  construction  of  fascines  and  adopting  instead  the  simple  mat- 
tress, made  of  layers  of  brush  or  reeds  placed  at  right  angles  to  each 
other. 

Respectfully  submitted. 

Z.  B.  Tower, 
Colonel  of  Engineers,  Bvt  Maj.  Gen, 

John  JSiewton, 
Colonel  of  Engineers^  Bvt  Maj.  Gen. 

Q.  A.  GiLLMORE, 

Lkuten^nt-Colonel  of  Engineers,  Bvt.  Maj.  Gen. 
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N  9. 
IMPROVEMENT  OF  HARBOR  AT  BRAZOS  SANTIAGO,  TEXAS. 

The  only  survey  (in  so  far  as  official  records  show)  of  this  harbor  and 
pass  was  made  in  1871,  January  28  to  March  13;  -  and  report,  submitting 
plan  and  estimates  for  improvement,  was  rendered  AprU  7, 1871. 

FROM  REPORT  OF  THE  SURVEY. 

1.  Ttie  harbor  is  situated  about  10  miles  from  the  mouth  of  the  Rio 
Grande. 

2.  The  depth  of  water  on  the  bar  at  the  mouth  of  the  river  was  4  feet 
making  it  necessary  to  ''lighter"  everything  destined  for  Brownsville. 

.3.  The  bdr  in  the  usual  curved  form,  obstructs  the  harbor  directly 
across  the  mouth  of  the  pass,  and  is  so  situated  as  to  be  entirely  exposed 
to  heavy  storms ;  it  is  composed  of  a  quicksand  formation,  acted  upon 
with  extraordinary  facility  by  water.  The  channel  across  the  bar  con- 
stantly shifts.    The  depth  of  water  (in  1871)  was  7  feet  at  high  tide. 

4.  Greatest  depth  of  water  in  harbor  27  feet. 

5.  The  improvement  desired  is  a  deeper  channel  across  bar. 

6.  The  harbor  is  ample.'  for  the  commerce  of  the  port  and  needs  no 
protection. 

7.  The  only  possible  application  of  dikes  (jetties)  here  would  be  to 
prolong  the  walls  of  the  outlet  until  they  reach  a  point  very  near  the 
position  of  6ar,  in  order  to  concentrate  upon  one  spot  the  whole  action 
of  whatever  current  there  might  be.  The  immediate  effect  of  this  might 
be  favorable.  The  ultimate  effect  would  be  the  formation  of  a  new  bar 
outside  the  present  one,  and  that  at  no  distant  period. 

8.  The  formation  of  structure  being  in  quicksand,  difficulties  of  con- 
struction would  be  very  great. 

9.  The  estimate  (following)  proposes  a  single  concrete  jetty  f3,500  feet 
in  length)  with  an  average  cross-section  22  feet  in  width  by  15*  feet  in 
height,  the  width  being  at  every  point  50  per  cent,  greater  than  the 
height.    The  head  of  jetty  to  be  circular,  and  60  feet  in  diameter. 

ESTIMATES. 

1,752  palmetto  piU's,  25  ft^ct  each $13,140  <K) 

148,lif7  feet,  bourd  nieasare,  8  bv  8  iuch  cap-timber,  &c 7,  409  J^fi 

13,961  pounds  1  by  18  iuch  bolts 1, 675  32 

Framing  ties,  &c 1,314  00 

Driving  piles 3,504  00 

30,610  gunny  sacks 6,  r<S  00 

49,431  cubic  yards  concrete 741,465  00 

Totalcost  of  jetty...-- ". 774,630  17 

If  aft<*r  constructing  a.  jetty  of  this  kind,  it  is  found  that  the  }>ar  ha«  only  moved 
farther  out  into  the  gulf,  which  will  probably  be  the  case,  it  will  then  be  necessary  to 
prt)long  the  jetty  to  the  new  jwsition  of  the  bar. 

The  object  of  submitting  this  estimate  is  to  show  the  cost  of  what  is  believed  to  l»e 
the  best  plan  for  improvement.  The  necessities  of  the  case  do  not  seem  to  call  for 
such  an  expenditure. 

From  the'^date  of  report  of  survey  as  above  given,  ijntil  1878,  nothing 
appears  to  have  been  done  in  regard  to  this  harbor. 
In  1878— Kovember  29  to  December  30 — ^the  obstruction  occasioned 

*  Settlement  of  4  feet  allowed. 
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by  the  wreck  of  the  bark  Bene  des  Mers  was  removed  from  the  harbor ; 
appropriation  of  $6,000  by  act  of  Congress  approved  June  18, 1878. 

PROGBESS  MADE  DrRING   YEAR  ENDING   JUNE  30,  1880. 

Xo  funds  available  for  expenditure  on  this  work  during  the  year. 

The  first  appropriation  for  improvement  proper  (the  amount  given  in 
1878  being  for  the  removal  of  obstructiotis  to  navigation)  at  this  point 
Is  by  the  terms  of  the  act  of  Congress  of  June  14, 1880,  viz,  $25,000. 

In  any  plan  suggested  for  the  improvement  of  the  harbor  at  Brazos 
Santiago,  the  sum  available,  $25,000  will  not  warrant  actual  commence- 
ment on  the  work. 

It  is  therefore  recommended  that  the  appropriation  of  $25,000  be  held 
to  await  further  action  of  Congress,  and  in  the  mean  while  measures* 
may  be  taken  in  hand  to  project  a  defined  plan  for  the  expenditure  of 
appropriations  to  follow  hereafter. 

Th«'  work  is  located  in  the  collection  district  of  Brownsville,  Tex.,  and  the  nearest 
Iij:ht  Bnizits  Island  light  (beacon). 

Money  statement. 

Amount  :ippr<»i»riated  bv  act  approved  June  14,  1880 ^25, 000  00 

.iuU  1, 18eO,  amount  available J^'^^  ^ 

Amount*  (estimated)  requires!  for  completion  of  existing?  l»r(»jt'ct 774, 630  00 


« 


N  lo. 

PROTECTION  OF  RIVER  BANK  AT  FORT  BROWN,  TEXAS,  FROM  ENCROACH- 
MENTS OF  THE  RIO  GRANDE. 

Origiual  appropriation  (act  of  July  31,  1876) $10,000 

Api)rt>priaHon  of  March  3, 1879 7,000 

Total 17,000 

In  1871  private  parties  built  a  pile-jetty  about  330  yards  upstream 
from  the  garrisou  wall,  the  greater  portion  of  which  was  washed  away 
in  veftTs  since. 

In  April  and  June,  1877,  there  was  constructed  a  pile-jetty  (or  break- 
water) ;  the  axis  of  the  main  work  was  a  line  starting  at  the  river  bank 
at  the  foot  of  Fourteenth  street,  Brownsville,  and  made  an  angle  of  9® 
with  the  general  direction  of  the  shore  line  from  the  starting  i)oint  to  a 
point  in  ^nt  of  the  Administration  Building. 

The  main  work  was  150  feet  long,  and  was  connected  with  the  bank 
below  by  a  wing  built  in  the  same  manner  as  the  main  structure,  and 
making  with  it  an  angle  of  about  130°,  the  object  of  the  wing  being  to 
prevent  the  formation  of  a  dangerous  eddy  below  the  work. 

In  March,  April,  and  May,  1878,  repairs  were  put  upon  this  pile-jetty ; 
and,  also,  .ftom  the  6th  pile  of  the  main  work  was  commenced  a  new 
structure,  upon  the  same  plan,  continuing  about  130  feet  further  up  th« 
stream^  the  last  40  feet  of  this  distance  being  sheet-piling.  About  this 
same  time  of  the  y^ear  the  Levee  Company  of  Brownsville  put  in  a  small 
jetty  of  live-willow  piles  just  above  the  city,  at  an  expense  of  about 

«3,000. 

-— . -  ■ 1  -^ 

•  Kstiniate  for  one  jetty,  on  sonth  side,  made  in  1871. 
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Cost  of  original  structure  and  wing,  $7,197.50 ;  therefore  Captain  Greg- 
ory, in  charge  then,  recommended  the  appropriation  of  $14,400,  to  build 
400  feet  of  extension. 

I  was  directed  by  Special  Orders,  No.  30,  dated  Headquarters  Corps  of 
Engineers,  March  10,  1880,  to  relieve  Capt.  W.  R.  Livermore  of  the 
charge  of  this  work. 

Under  instructions,  Captain  Livermore  submitted  to  your  office  a  pro- 
ject for  the  work,  dated  Fort  Brown,  Tex.,  February  27, 1880.  This  was 
referred  to  me  by  indorsement  for  consideration  in  connection  with  the 
preparation  of  my  project  for  the  application  of  $7,000  made  by  the  river 
and  harbor  act  of  March  3, 1879,  "  for  protection  of  river  bank  at  Fort 
Brown,  Tex.,''  assigned  to  him  (Capt.  W.  R.  Livermore)  by  paragraph  3 
of  General  Orders,  No.  30,  headquarters  Corps  of  Engineers,  current  series. 
'    In  accordance  therewith  I  wrote  your  office  on  the  24th  of  March : 

Captain  Livermore's  project  of  lining  the  river  bank  with  a  mattress  of  brnsh  to 
prevent  further  eroaion  seems  to  be  the  correct  method  of  procedure,  and  is  what  I 
would  recommend  be  done  with  the  available  funds. 

Upon  your  receipt  of  this  I  was  advised  by  telegraph  that  the  project 
was  approved,  and  I  was  directed  to  execute  it. 

Taking  the  first  steamer  for  Brownsville,  I  arrived  there  the  night  of 
the  11th  of  April.  The  morning  of  the  14th  a  gang  of  10  men  began 
cutting  brush  on  the  reservation,  and  by  the  evening  of  the  22d  we  had 
placed  in  position  on  the  river  bank  2  mattresses,  measuring  65  by  32.J 
feet,  thus  covering  about  70  running  feet  of  bank ;  the  river  was  at  it^ 
low  stage,  and  about  35  feet  of  the  mattresses  were  under  water,  \ying 
upon  the  bed  of  the  river,  well  anchored  down  by  ballast  consisting  of 
bags  of  brickbats,  there  being  no  stone  available. 

Leaving  the  work  in  good  and  well-instructed  hands  I  returned  to 
Galveston.  By  the  close  of  the  mouth  six  mattresses  (65  by  32^  feet) 
were  successfully  placed,  covering  about  200  running  feet  of  bank.  By 
the  27th  of  the  month,  we  had  exhausted  the  supply  of  brush  in  the  res- 
ervation and  began  cutting  it  at  points  on  the  river  above  and  below. 

After  placing  the  third  mattress  the  river  suddenly  rose  12  feet  in  one 
day,  and  the  following  day  fell  9  feet ;  our  incomplete  work  therefore 
received  a  severe  test  which  it  sustained  unflinchingly  and  gave  us  the 
assurance  that  our  work  would  be  a  success.  As  we  anticipated,  ft 
large  amount  of  sediment  was  deposited  upon  our  matfi,  which  insures  lis 
perfect  stability. 

Our  work  continued  with  little  interruption  during  May  and  till  the 
11th  of  June,  when  it  was  brought  to  a  close  by  reason  of  the  scarcity 
of  brush  and  for  the  further  reason  that  we  had  completed  the  work  orig- 
inally contemplated;  1,047  running  feet  of  bank  had  been  covered  witii 
mattresses,  measuring  68,000  square  feet  of  surface,  100  running  feet  of 
bank  below  has  been  covered  with  trees  and  brush  anchored  with  wire, 
and  the  old  jetty  (Captain  Gregory's)  filled  in  the  same  manner.  Pro- 
vision has  been  made  for  carrying  the  surface  drainage  away  from  the 
bank  and  into  the  lagoon,  and  a  neat  fence  formed  of  our  fascines  horses 
gives. material  protection  to  the  river  bank  and  the  road  which  runs 
along  its  crest  by  the  Administration  Building. 

A  brief  description  of  our  work  may  not  be  out  of  plac^  here.  Its  sim- 
plicity and  cheapness,  and  withal  its  undoubted  efficiency,  will  recom- 
mend its  adoption  under  similar  conditions. 

Here  we  had  a  bank  on  the  concave  side  of  the  river,  14  feet  higb 
above  the  level  of  low- water,  composed  of  strata  of  sand  and  clay, 
hugged  by  the  current,  which,  even  in  a  low  stage  of  the  river,  has  a 
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considerable  velocity ;  the  depth  of  water  along  this  bend  at  low  stage 
being  over  20  feet. 

Sadden  rises  of  the  water  caused  by  melting  snow  in  the  mountains 
or  by  heavy  rainfall  occur  each  season,  notably  in  June,  when  the  river 
boils  and  surges  in  a  terrific  manner,  and  carries  before  it  everything 
placed  in  the  river  in  the  form  of  a  jetty  or  ti*aining  wall ;  the  bank  is 
softened,  and  if  hen  the  water  falls  it  caves  in  and  dissolves  like  sugar  in 
hot  coffee. 

This  action  ha«  been  going  on  for  years,  and  lately  the  danger  of  its 
cutting  through  (210  feet)  into  the  lagoon  has  been  quite  imminent ; 
should  such  an  event  occur,  valuable  government  buildings  would  be 
swept  away,  and  historic  old  Fort  Brown  with  its  site  would  most  as- 
suredly be  taken  by  the  Mexicans. 

It  was  with  a  view  to  guard  against  such  a  contingency  that  the  appro- 
priation of  $7,000  was  made  by  Congress. 

For  the  past  ten  years  the  Mexican  point  (Santa  Cruz)  opposite 
Brownsville  has  been  gradually  eaten  away  by  the  current  of  the  river 
directed  against  it  by  jetties  built  by  private  parties  for  the  purpose  of 
reclaiming  land  for  the  city  of  Brownsville.  The  effect  of  this  change 
on  the  river  bed  has  been  to  direct  the  full  force  of  the  current  against 
the  government  reservation  below  and  adjacent  to  the  city.  Captain 
Gregory  put  in  a  jetty  here  in  1878  to  direct  the  current  from  the  bank. 
The  point  of  impact  of  the  current  was  constantly  descending,  and  soon 
it  struck  the  bank  below  and  cut  in  behind  the  jetty  to  its  serious  injury 
and  imperiled  the  Administration  Building. 

The  bank  now  for  over  1,000  feet  below  Captain  Gregory's  jetty  is 
thought  to  be  safe  against  further  erosion  in  consequence  of  our  brush 
mattress  covering.    Its  mode  of  construction  was  as  follows : 

Abundance  of  excellent  brush  being  at  hand  for  the  cutting,  fascine 
rox)es  were  made  4  to  6  inches  in  diameter  and  in  lengths  of  65  and  32^ 
feet,  the  longer  for  the  circumstance  of  the  case,  the  shorter  for  con- 
venience. A  raft  was  constructed  and  framed  over  with  parallel  roUers — 
dimensions  of  our  raft  (about  30  feet  square)  were  limited  by  available 
material  therefor — and  moored  against  the  bank,  which  had  been  previ- 
ously roughly  graded. 

The  longer  fascine  ropes  were  then  run,  end  on,  down  the  bank  and 
out  onto  the  raft,  the  upper  end  resting  at  the  crest  of  the  bank,  the 
lower  at  the  outer  edge  of  the  raft,  and  spaced  about  3  feet  apart ;  11  fas- 
cines sufficed.  The  shorter  fascine  ropes  were  then  rolled  down  the 
bank  and  spaced  likewise  3  feet  apart  and  at  right  angles  to  the  former* 
the  whole  forming  an  open  network  of  square  meshes,  with  both  ends 
of  fascines  extending  all  around,  1  foot  beyond  the  last  crossings. 

Every  crossing  around  the  edge  and  every  alternate  crossing  inside 
was  then  lashed  with  rope  the  size  of  a  clothes-line,  having  an  eye  turned 
in  one  end,  the  other  end  being  secured  t-emporarily  to  the  top  of  a  stake 
placed  vertically  in  the  fascine  so  that  it  could  be  easily  found  after  the 
filling  brush  and  upper  grillage  had  been  i3laced,  when  it  served  to  fasten 
the  crossings  to  the  top  grillage  and  to  securely  bind  the  mattress  com- 
pactly. 

The  other  crossings  of  the  grillage  not  already  secured  by  rope,  were 
^und  with  a  smaller  cord. 

Upon  the  lower  fascine  ropes  and  between  the  cross  ones,  bnish  was 
laid,  carefully  distributed,  so  that  when  compacted  it  would  be  close  and 
about  6  inches  thick. 

Over  this  were  then  placed  the  long  fascines,  directly  over  and  coiTe- 
81)ouding  to  the  ones  below,  between  these  was  laid  another  compact 
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layer  of  bru8li  6  inches  thick  crossing  the  layer  below,  and  above  the 
shorter  horizonal  fascine  ropes  corresponding  to  the  ones  below,  the 
crossings  being  marked  by  the  stakes.  The  ro|>es  abont  the  stakes  were 
then  nsed  to  bind  the  crossings  and  formed  a  compact  mattress  18  inches 
thick.  The  other  crossings,  as  in  the  bottom  grillage,  were  then  bound 
with  smaller  cord,  and  stakes  were  then  withdrawn.         . 

The  mattress  was  now  complete,  and  being  anchored  Bt  the  crest  of 
the  bank,  the  raft  was  withdrawn  from  under  it,  when  it  floated  till 
weighted  by  accumulation  of  sediment  from  the  water  or  by  ballast 
placed  thereon.  The  raft  was  brought  to  position  again  and  another 
mattress  constrnced,  and  so  the  work  proceeded  till  the  whole  river 
bank  was  covered. 

Over  all  rubbish  and  dirt  may  be  dump'ed,  and  grass^  weeds,  and  brush 
be  encouraged  to  grow,  which  ought  soon  to  consolidate  it  and  put  it 
beyond  chance  of  desti-uction  by  t^e  elements. 

During  the  progress  of  our  work,  the  Mexicans  placed  a  jetty  on  their 
side  just  above  Santa  Cruz  point,  extending  well  into  the  bed  of  the  river, 
and  as  a  result  the  current  is  thrown  directly  against  the  city  of  Browns- 
ville, where  it  threatens  to  do  great  damage  in  spite  of  the  efforts  of  citi- 
zens who  are  endeavoring  to  hold  their  own,  by  covering  the  low  ground 
with  a  S3'stem  of  brush  fences.  The  effect  upon  our  work,  however,  is 
beneficial,  as  the  current  is  now  parallel  to  it. 

As  our  work  rests  upon  valuable  city  property,  it  is  presumed  it  will 
be  protected,  and  the  river  will  not  be  permitted  to  get  in  behind  it 

In  conducting  this  work  I  have  been  ably  seconded  by  Mr.  8.  W. 
Brooks,  the  superintendent  in  charge,  to  whose  zeal  and  energy  the 
speedy  execution  of  thid  work  is  due.  Anticipating  the  usual  June  rise 
of  the  river,  time  became  an  essential  element. 

My  expectations  have  been  more  than  realized,  and  to  Mr.  Brooks  my 
acknowldgments  are  made. 

Money  statement. 

July  1,  1879,  amount  available |7,000  00 

July  1,  1880,  amouut  ezpoudod  during  fiscal  year 5, 704  86 

July  1,  1880,  amount  available 1,295  14 
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RBMOVAI.  OP  BAFT  IN  BED  BIYBB,  AND  CLOSING  TONE'S  BAYOU,  LOUIS- 
IANA—IMPBOYBMENT  OF  OTPBBSS  BAYOUy  TEXAS  ;  OP  THE  MOUTH 
OP  BED  BIYEB,  AND  OF  BED  BIVEB  AND  OEBTAIN  BIVEBS  IN  MIS- 
SISSIPPI, ABKANSAS,  AND  TENNESSEE— PBESEBYATION  OF  THE  POBTS 
OP  MEMPHIS,  YIGKSBUBa,  AND  NATOHEZ— WATEE-OAUOES  ON  THE 
3fIS8ISSIPPI  AND  ITS  PBINOIPAL  TBIBUTABIES. 


KKPORT  OFlMAJOn  If.  IT,  H.  liEXYA  XJRV,  CORPS  OF  EXG INKERS,  OFFICER 

ix  charge,  for  the  fiscal  tear  exdixg  june  :w,  1880,  with 
other  d0cumext8  relating  to  the  works, 

United  States  Engineeb  Office, 

Memphis^  Tenn.j  July  1, 1880. 

Genebal  :  I  have  the  honor  to  transmit  herewith  annual  rexK)rts  upon 
the  works  under  my  charge  for  the  fiscal  year  ending  June  30, 1880. 
Ver>'  resi>ectfully,  your  obedient  servant, 

W.  II.  H.  Benyaubd, 

Major  of  Engineers, 
Brig,  Gen.  H.  G.  Weight, 

Chief  of  En^iineerSy  U.  S.  A. 


O  I. 

REMOVING  RAFT  IN  RED  RIVKR  AND  CLOSING  TONERS  BAYOr,  LOI'ISIAXA 

The  above  works  are  very  different  in  their  nature,  and  the  localities  at 
which  operations  are  carried  on  are  widely  separated.  While  the  appro- 
r>riation  for  the  whole  is  amply  sufficient  for  the  raft- work,  it  is  insuf- 
ticent  for  that  and  the  closing  of  Tone's  Bayou,  and  therefore  I  have 
never  been  able  to  carry  on  this  latter  work  to  the  best  advantage.  I 
would  respectfully  suggest  if  new  appropriations  be  made  that  these 
works  be  separated. 

1.  removal  of  BAFT  IN  RED  RIVER,  LOUISIANA. 

During  the  low- water  season  of  1879,  the  steamer  Florence,  belonging  to 
the  above  work,  not  being  needed  therefor,  was  sent  to  Saint  Louis  for  a 
general  overhauling,  after  which  she  was  sent  into  the  Tallahatchee  and 
Coldwater  Rivers,  Mississippi,  for  operations.  In  January  last  she  was 
••♦ent  to  Shreveport  to*  be  in  readiness  to  remove  and  break  up  every  jam 
that  might  occur  in  the  river  above. 

Only  one  jam  occurred  during  the  first  rise.  This  was  broken  ui> 
without  difficulty,  and  uninterrupted  navigation  maintained  until  June, 

1277     . 
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when  a  rise  from  Upper  Eed  brought  down  a  great  quantity  of  drift 
which  lodged  in  the  raft  region. 

The  Florence  being  employed  in  towing  the  dredgeboat  to  the  mouth 
of  Eed  Biver,  I  obtained  from  the  Bed  Biver  Transportation  Company 
the  use  of  the  Willard  and  Jo.  Bryarly  for  the  work  of  removing  these 
jams. 

The  following  work  was  done : 

Jam  No.  1  removed ;  it  was  about  15  miles  above  Shreveport,  and 
about  1,800  feet  long ;  ^^o.  2,  about  2  miles  above  was  about  same  length ; 
No.  3,  3  miles  above  was  about  i  mile  long ;  No.  4, 2  miles  above,  a  small 
jam ;  No.  5,  about  1  mile  above  Hurricane  Bluff;  this  was  a  bad  jam, 
caused  entirely  by  some  timber  cribs  belonging  to  Jones  &  Co.,  of 
Shreveport.  This  drift  was  so  badly  jammed  that  several  cribs  of  logs 
were  standing  on  their  ends,  and  through  the  whole  drift  much  of  the 
timber  was  standing  10  feet  above  the  surface  of  the  water ;  the  length 
of  this  jam  was  about  1^  miles,  immense  Cottonwood  trees  lying  in  all 
directions.  This  was  cut  and  passed  down  in  small  lots,  but  at  Gold 
Point,  about  12  or  15  miles  below,  the  cribs  caught  again  on  some  snags 
and  formed  another  jam,  while  the  Willard  was  above  it.  At  this  time 
the  steamboat  Brandon  came  down,  and  with  her  crew  and  that  of  the 
Willard,  work  was  commenced  at  the  lower  end,  cutting  and  pulling  out 
with  block  and  tackle.  When  about  two-thirds  through,  the  Bryarly 
came  up  and  helped  the  work  of  removal. 

It  is  probable  that  a  great  x>ortion  of  the  above-mentioned  drift  would 
have  passed  through  the  channel  without  blocking  the  same  up,  if  it 
had  not  been  for  the  fact  that  a  number  of  cribs  of  large  timber,  intended, 
for  Messrs.  John  R.  Jones  &  Co.,  of  Shreveport,  were  put  into  the  river  on 
the  rise,  and  sent  off  without  any  person  to  look  after  them  and  see 
that  they  did  not  get  caught  by  snags,  &c.,  and  so  cause  a  jam.  As 
many  as  30  or  40  of  these  cribs  are  sent  off  at  once,  with  only  the  last 
crib,  called  a  driver,  manned  with  6  or  8  men.  The  parties  in  interest 
knew  perfectly  well  that  their  timber  must  go  through,  for  either  the  gov- 
ernment or  the  steamboat  men  in  the  interest  of  uavig££tion  are  bound 
to  keep  the  river  open.  Attention  is  called  to  this  point,  with  a  view  of 
^seeing  if  there  be  a  law  which  shall  prevent  the  obstruction  of  the 
river  in  that  manner. 

2.   CLOSING  tone's  bayou,  LOUISIANA. 

The  work  of  closing  Tone's  Bayou  was  commenced  in  June  last  with 
working  force  under  charge  of  Geo.  B.  Wilson,  assistant  engineer,  and 
was  continued  until  September,  at  which  time  the  dam  was  24  feet  high 
and  between  banks  250  feet  long.  The  allotment  of  the  appropriatiofi 
was  not  sufficient  to  carry  it  up  to  its  whole  height. 

The  top  was  covered  by  a  heavy  layer  of  stone  to  weight  the  mattresses 
down,  and  prevent  the  heavy  drift  timber  which  goes  down  the  bayou 
on  every  flood,  from  knocking  the  top  to  pieces.  This  has  been  one 
serious  drawback  to  the  full  completion  of  the  dam.  The  amount  ap- 
propriated each  year  has  not  been  sufficient  to  carry  the  dam  com- 
pletely up  to  high-water  mark  as  originally  intended,  consequently  every 
high-water  a  portion  of  the  top  of  the  dam  has  been  carried  away. 
This  had  to  be  rebuilt  the  following  season,  only  to  be  again  destroyed 
the  next.  In  addition  I  have  had  to  keep  a  watchman  on  the  work  con- 
tinuously, to  see  that  the  same  be  not  cut  and  to  prevent  some  of  the 
people  in  that  section  of  the  country  from  carrying  away  the  stone 
covering.    Bock  is  quite  a  scarcity. 
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The  low-water  dam  Las  been  maintained,  and  it  lias  been  a  source  of 
jjreat  assistance  to  the  navigation  of  the  river  below  Shreveport.  The 
water  reached  a  point  last  year  3J  feet  below  the  low-water  of  1878, 
which  up  to  that  time  had  been  the  lowest  ever  known.  Notwithstand- 
ing this,  steamboats  made  regular  trips  from  Shreveport  to  Grand  Ecore, 
a  thing  never  attempted  before  the  partial  closing  of  the  bayou. 

The  amount  of  work  done  during  the  period  above  mentioned  was  as 
follows: 

Conisof  bnish  measured  in  place  (this  includes  1,406  cords  made  into  mat- 
tresses)     2,291 

Linear  feet  of  \m\es  (uet)^  not  including  laps  for  splicing 42, 300 

Stakesttfeet  lonp *. 4,210 

PmH8  inches  long,  1  inch  diameter 8,420 

Cubic  yards  clav,  put  in  between  lay  era  of  mattresses  and  brush. .....  A 3,  ICO 

Barrels  of  clay  for  ballast 1,033 

Cabic  yanls  rock  spread  on  top  of  dam 295 

As  the  amount  appropriated  by  act  of  June  14,  1880,  and  intended 
for  operations  at  both  points,  viz,  the  raft  and  Tone's  Bayou,  will  be  in- 
suflBeient  for  the  purpose  of  Keeping  the  raft  open  and  at  the  same  time 
completing  the  brush  dam,  it  is  proposed  in  the  latter  case,  as  the  water 
above  the  dam  is  dead,  to  put  in  an  earthen  dam  up  to  high-water  mark 
Trith  wings  to  prevent  the  action  of  the  water  around  it.  The  bottom 
and  banks  of  the  bayou  are  of  such  a  nature  that  unless  a  total  closure 
be  effected  the  overflow  over  a  low- water  dam  will  ultimately  scour  out 
such  a  bole  below  as  to  completely  destroy  the  latter  structure. 

With -the  appropriation  asked  for  for  1882  it  is  intended  to  keep  the 
raft  region  clear  of  jams,  and  strengthen  and  keep  up  the  earthen  dike. 

COMMERCIAL  STATISTICS. 

•Shreveport  is  the  principal  distriljnting  city  for  Red  River,  and  from  Sentember  1, 
l!?79,  to  June  24,  1880,  received  a  total  of  93,580  bales  of  cotton,  10,360  of  which  were 
received  by  river  from  above  Shreveport,  71,514  by  wagon,  and  11,706  by  rail.  Of 
this  amomint  92,444  bales  have  been  shii>x)ed,  58,886  going  .by  rail  to  the  various  mar- 
kets and  33,558  by  river.  In  addition  to  this,  15,^8  bales  of  tlirough  cotton  were 
meivwl  and  forwarded,  11,288  by  rail  and  4,090  by  steamboat. 

The  number  of  landings  made  at  Shreveport  by  steamboat  daring  this  time  is  189, 
viz:  from  above  the  raft,  51;  from  the  lower  coast,  6:);  from  Jefferson,  Tex.,  3,  and  from  . 
^ew  Orleans,  72.    The  New  Orleans  boats  will  carry  on  an  average  1,200  tons  each,  and 
the  others  aboat  600  tons  each. 

The  value  of  imports  during  the  same  time  amounts  to  $12,679,000. 

The  above  works  are  situated  in  the  third  collection  district  of  Louisiana.  The 
nearest  port  of  entry  is  New  Orleans. 

The  original  detailed  estimate  for  the  removal  of  the  raft  (see  my 
report  for  fiscal  year  ending  June  30,  1876,  also  previous  reports  of 
Captain  Howell)  was  $259,014,  with  additional  items  tor  keeping  open 
the  channel  for  fiscal  year,  $50,000 ;  and  for  subsequent  years  it  was 
estimated  that  from  $10,000  to  $25,000  would  be  required. 

The  former  appropriations  are  as  follows  : 

By  act  approved  June  10, 1072 $150,000 

By  act  approved  March  3, 1873 80,000 

By  act  approved  June  23,  1874 60,000 

By  act  approved  March  3,  1875 20,000 

By  act  approved  August  14, 1866,  for  removing  raft  and  closing  Tone's  Bayou .  35, 000 

By  aUotment  August  27,  1877,  for  closing  Tones  Bayou 4, 500 

Byactappioved  February  7,  1878,  for  removing  raft 6,000 

By  act  approved  June  18, 1878,  for  removing  ran  and  closing  Tone's  Bayou . .  24, 000 

By  act  approved  March  3,  1879,  for  removing  raft  and  closing  Tone's  Bayou.  15, 000 

By  act  approved  June  14,  1880,  for  removing  raft  and  closing  Tone's  Bayou.  25, 000 
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Money  statement 

July  1,  1879,  amount  availnble $13,407  61 

Amouut  appiopriated  by  act  approved  June  14,  1B80 25, 000  00 

$38, 407  61 

July  1;  1880,  amount  c^ciiended  during  fiscal  year 11, 772  85 

July  1,  1880,  auiount  available 26,634  76 

Amount  that  can  be  profitably  expended  in  tineal  year  ending  June  30, 1882: 

For  closing  Tone'8  Bayou $20,000  00 

For  removing  raft  in  Red' River 10,000  00 

30, 000  00 


O   2. 

IMPROVEMENT  OF  CYPRESS  BAYOU,  TEXAS  AND  LOUISIANA. 

lu  August  last  a  working  party  was  organized,  and  George  Alban,  an 
experienced  pilot,  placed  in  charge.  The  party  continued  at  work  until 
the  end  of  September,  working  from  Bois  d'Arc  Pass  through  the  lakes 
to  Cross  Bayou.  They  cut  lEtnd  removed  from  the  channel  2,102  stumps 
and  snags,  326  overhanging  trees  were  cut  down  and  removed,  and  G6 
posts  put  up  with  painted  sign-boards  securely  nailed  to  them  to  desig- 
nate the  route  across  the  lakes.  This  finished  the  first  project  to  im- 
prove the  high-water  channel. 

Up  to  last  year  seven  important  cut-offs  have  been  made,  viz:  1,  Po- 
tato Bend ;  2,  Little  Cypress ;  3,  Middle  Cypress ;  4,  Sisco  Island ;  .1, 
Upper  Benton ;  6,  Lower  Benton  ;  7,  Bois  d'Arc  Pass.  These  cut-off8 
and  cut-roads  across  the  lakes  have  reduced  the  distance  from  Shreve- 
port  to  Jefferson  from  96  to  65  miles.  For  this  work  the  government  ap- 
propriated $94,000,  a  small  balance  of  which  still  remains,  also  a  dredge- 
boat,  the  Lone  Star,  constructed  for  the  work,  valued  at  $20,000.  The 
dredgeboat  is  now  engaged  at  the  mouth  of  Red  Kiver  to  keep  the  chan- 
nel open  during  low-water. 

Had  the  condition  of  commerce  and  navigation  remained  the  same  as 
in  1870  the  work  done  would  have  be^n  very  valuable,  for  at  that  time 
Jefierson,  and  for  300  miles  around,  was  entirely  dependent  upon  navi- 
gation for  obtaining  their  supplies  and  shipping  their  produce  to  market. 
New  Orleans  being  the  principal  market  city.  Navigation  across  tlie 
lakes  was  open  from  six  to  nine  months  in  the  year,  but  the  channel  was 
difficult  and  dangerousr,  and,  in  order  to  improve  their  only  transporta- 
tion route,  Jefferson  expended  over  $70,000.  When  navigation  was 
open  rtour  could  be  obtained  in  the  city  from  $10  to  $12  per  barrel; 
when  closed  it  sometimes  rose  as  high  as  $25,  and  other  produce  in  pro 
portion. 

Since  the  commencement  of  the  work  of  improving  the  bayou,  Red 
River  Raft  has  been  removed,  adding  over  500  miles  of  navigable  water 
to  the  river,  but  this  has  been  gained  by  injuring  the  water  route  to 
Jefferson,  for  navigation  across  the  lakes  and  through  Cypi'ess  Bayou 
depends  entirely  upon  the  backwater  from  Red  River  running  througli 
the  numerous  bayous  into  the  lakes.  This  water  was  forced  through  by 
the  raft,  but  since  its  removal  the  water  runs  swiftly  off.  The  channel 
in  Red  River  is  gradually  scouring  deeper,  and  the  bayous  into  the  lakes 
filling  up ;  this  has  already  greatly  reduced  the  navigable  se^ason,  and 
in  a  few  years  it  may  be  entirely  suspended. 

This  would  have  been  a  serious  check  to  the  prosperity  of  Eastern 
Texas  in  1870,  which  had  to  depend  upon  the  steamboats  to  ship  its 
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produce  and  obtain  its  supplies,  but  since  that  date  Saint  Louis  has 
constructed  a  railroad  running  through  Jefferson,  and  now  over  three- 
fourths  of  the  business  is  done  by  rail  to  Saint  Louis. 

To  show  how  business  has  been  changed  by  the  Saint  Louis  Railroad, 
I  give  cotton  statistics  of  Saint  Louis  for  the  last  ten  years : 


Tears. 


Balee, 

\m-'70 18,518 

l»7*J-7l 20,270 

IKTl-T^ 80,421 

1872-73 59,700 

im-'li I  103,741 

liff+-75 i  133,966 


1875-76 
1876-77 
1877-78 
1878-79 
1879-'80 


Baiet. 
245,209 


266, 314 
331,000 
470,000 


Before  the  Saint  Louis  Railroad  was  constructed  the  principal  part 
of  this  cotton  was  shipped  by  steamboat  down  Cypress  Bayou,  Red, 
Ouachita,  and  Arkansas  rivers  to  New  Orleans. 

New  Orleans,  in  order  to  regain  a  portion  of  the  trade  lost,  is  now  con- 
strncting  a  railroad  into  Eastern  Texa<s,  so  that  with  two  competing 
railroads  the  navigation  across  the  lakes  to  Jefferson  can  never  have 
that  importance  it  had  in  1870,  although  it  will  still  remain  valuable  in 
assisting  to  develop  the  resources  of  the  country. 

Should  any  further  work  be  done  for  the  improvement  of  navigation 
it  would  require  to  be  by  extensive  works  such  as  recommended  by 
Major  Howell,  this  project  being  to  construct  a  dam  across  the  lake  at 
Albany  Point  and  make  a  cut  through  to  Red  River,  the  estimated  cost 
being  $372,580. 

This  would  give  Jefferson  navigable  water  nearly  all  the  year  round, 
and  would  greatly  benefit  Red  River  above  and  below  Shreveport.  By 
placing  a  dam  across  the  lakes  they  would  act  as  large  reservoirs,  draw- 
ing and  retaining  the  water  at  a  high  stage,  thus  greatly  relieving  the 
low  lands  below  Shreveport  from  overflow  and  by  running  slowly  off 
through  the  cut  road  retain  the  river  at  a  medium  stage  much  longer 
than  at  present. 

Should  the  work  once  be  begun  it  would  have  to  be  pushed  vigor- 
ously forward,  for  the  dam  could  not  be  constructed  before  the  outlet 
was  made  into  Red  River,  and  in  making  the  out  road  the  material  re- 
moved would  be  required  for  the  construction  of  the  dam. 

If  the  work  be  begun  the  amount  of  money  required  should  be  made 
available  in  one  appropriation  for  the  successful  execution  of  the  work. 

l)|[ie  former  appropriations  are  as  follows : 

By  act  approved  June  10,  1872 : $10,000 

By  act  approved  March  3, 1873 50,000 

By  act  approved  August  14,  1876 13,000 

By  act  approved  June  Iti.  1878 15,000 

By  act  approved  March  3, 1879 6.000 

COMXERCUL  STATISTICS  FOR  THE  CITY  OP  JBFFERSOX  FOB  TEUt  TBAB  ENDIXQ  JUNB 

30, 1880. 

8»le  of  eroceries $1,315,000 

Sale  of  c&y  goods 1,261,000 

Sale  of  clothing 166,000 

Sale  of  drum,  medicines,  Ac 271,000 

^teofhardwaro,  farming  utensils,  &o 417, 00^ 

Amount  of  banking  cauital 200,  OOd 

Number  of  cotton  bales  received,  69,317;  population,  3,400. 

81  £ 
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For  collection  district  and  port  of  entry  see  report  on  removal  of  raft 
in  Bed  River  and  cloning  Toners  Bayou,  Louisiana. 

Money  statement. 

July  1, 1879,  amount  available $7,173  71 

July  1,  1880,  amount  expended  during  fiscal  year 2,  ^ZA  CTT 

Julv  1,1880,  amount  available • 4,349  OA 


O  3. 

IMPROVEMENT  OF  MOUTH  OF  RED  RIVER,  LOUISIANA— TEMPORARY  IM- 
PROVEMENT. 

In  order  to  keep  open  a  channel  through  the  outer  and  inner  bars  dur- 
ing the  season  of  low-water,  the  United  States  dredgeboat  Lone  Star, 
which  had  been  used  in  the  improvement  of  Cypress  Bayou,  was  towed 
from  Jefferson,  Tex.,  to  the  month  of  Red  River,  Louisiana,  by  the 
steamer  T.  B.  Florence,  arriving  there  June  20, 1879.  So  soon  as  tbe 
water  fell  to  a  suitable  depth  dredging  through  the  bars  commenced,  atid 
continued  from  July  3  to  November  ^.  when  the  Mississippi  River  com- 
menced rising,  giving  a  good  navigable  channel,  and  operations  isvere 
suspended. 

During  the  time  the  dredgeboat  was  at  work  the  amount  excavated 
through  the  bars  was  as  follows : 

Cabto 


AngTUt : 15,646 

September 14,410 

October IG.tCltf 

November , 11, 50^ 

Total 57,908 

The  low-water  season  of  last  year  was  the  lowest  on  record,  with  the 
exception  of  1872.  Considerable  difficulty  was  met  with  on  the  work« 
but  every  exertion  was  made  to  keep  tiiis  important  channel  open.  Had 
the  dredgeboat  been  supplied  with  self-propelling  machinery,  no  diffi- 
culty would  have  been  experienced  in  keeping  the  channel  open.  The 
distance  from  the  outer  bar  to  the  inner  obstruction  at  the  gut  was^  how- 
ever, too  great  for  the  dredge  to  be  moved  quickly  from  one  position  to 
the  other  as  the  places  filled  up. 

In  January,  1880,  the  dredge  was  taken  to  Shreveport,  and  retufned 
to  the  month  of  the  river  in  June. 

So  soon  as  the  water  falls  sufficiently  to  admit  of  operations,  2  tug:$^ 
and  a  steamer  will  be  employed  in  keeping  the  channel  ox)eu. 

COMMERCIAL  STATISTICS. 

All  the  cotton  and  freight  transported  to  and  from  New  OrleauR,  jvs  shown  liy  tli». 
reports  for  removing  raft  in  Red  River,  im])r(»ving  Ouachita  River,  ^Vi'kansaH  aiidLou- 
iniana,  and  renioviug  ohstriietiuuH  from  Red  River,  Louisiana,  passed  out  thrbu^U  tlit« 
mouth  of  Red  River.  A  large  amount  of  sugar,  molasses,  cattle,  &c.,  was  also  bron^ln 
out  by  the  Opelousas  and  Atehafalaya  boats,  to  which  should  he  added  a  proportictii- 
ate  amount  of  return  freight. 

The  trade  of  the  Red  River  and  its  tributaries  with  New  Orleans,  passing  throiivrli 
the  mouth  of  Red  River,  is  estimated  at  $50,000,000.  '^ 

The  port  of  entry  is  New  Orleans. 
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Entrancef  and  clearances  at  port  of  Xeto  Orleans,  La.ffrotH  July  1, 1879,  to  June  30,  18H0, 

and  tonnage  of  same. 


No. 


St«>ani  ve«M4;ls  eDt«r«*d j       451 

Sailing  vessels  entered I        725 


Tonnage. 


795. 4ri0 
402,979 


Total I     1,176         1,198,429 


StrAin  ve«m*lA  cleai-wi 575 

Sailing  TcsseU  cleared t        722 


819.915 
»97,45« 


ToUK I    1.297  I      1,217,371 


STATEMENT  OF    COMMODITIES    IMPORTED    AND    EXPORTED,    PORT    OF    NEW    ORLEANS 

FROM  JULY   1,  1879,   TO  JUNE  30,  1880. 

Imports : 

Specie '. $230,901  00 

Frve  commodities 4,625,596  00 

Dutiable 5,723,419  00 


Total  imports 10,579,916  00 


Exjwrts : 

Bnmcstic  commodities 9,238,757  00 

Pon-ign r 176,443  00 

Total  exports , 9,415,200  00 


Total  amount  collected  on  imports  from  July  1,  1879,  to  June  30, 1880,  |2,080,598.57. 

The  former  appropriatious  are  as  follows : 

By  act  approved  June  Irt,  1878 |I50,000 

By  act  approved  March  3, 1879 40,000 

Money  Hatement 

Jnlyl,  1879,  amount  available $173,725  94 

July  1, 1880,  amount  expended  during  fiscal  year 12, 845  94 

July  1,1880,  amount  available 160,880  00 


letteb  of  the  secretaey  of  war. 

War  Department, 
Washington  City^  May  3,  1880. 

The  Secretary  of  War  has  the  honor  to  transmit  to  the  United  States 
Senate,  in  connection  with  his  letter  of  the  18tli  ultimo,  forwarding  re- 
lK)rt  of  Maj.  W.  fl.  H.  Benyaurd,  Corps  of  Engineers,  upon  a  surrey 
and  proposed  improvement  of  the  mouth  of  Ked  River,  Louisiana  (printed 
in  Ex.  Doc.  126,  Senate,  Forty-sixth  Congress,  second  session,  cojjy  here- 
with), a  communication  from  the  Chief  of  Engineers,  dated  the  28lh 
Qltiino,  submitting  a  copy  of  report  of  the  Board  of  Engineers  for  Forti- 
fications and  for  River  and  Harbor  Imx)rovements,  to  whom  Major  Ben- 
yaonl's  letter  was  referred,  in  further  elucidation  of  the  subject. 

The  suggestion  of  the  Chief  of  Engineers,  that  the  unexpended  bal- 
ances of  the  appropriations  of  June  18, 1878,  and  March  3,  1879,  amount- 
ing t<>  about  4l55,000,  be  applied  to  the  improvement  of  tlie  mouth  of 
Red  River,  in  dredging,  &c.,  has  been  approved  by  this  department. 

Alex.  Ramsey, 
iSecretary  of  War. 

The  President  of  the  United  States  Senate. 
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letter  of  the  chief  of  engineers. 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
WaMfigton  D.  (7.,  April  28,  1880. 

Sir:  Referring  to  my  letter  of  March  17,  1880,  sabmitting  the  report' 
of  Maj.  W.  H.  H.  Beuyaurd,  Corps  of  fiugineers,  upon  a  survey,  and 
proposed  improvement  of  the  mouth  of  Red  River,  Louisiaua  (printed 
as  Ex.  Doc.  126,  Senate,  Forty-sixth  Congress,  second  session,  copy  here- 
with), it  will  be  seen  that  the  plan  recommended  by  that  officer  for  per- 
manent improvement  was — 

To  close  the  mouth  of  Old  River,  between  the  Atchafalaya  and  the  MiHsissippi,  and 
by  locks  on  the  Pla(|ueuime,  to  make  that  the  ronte  to  Red  River,  via  Grand  River 
and  the  Atchafalaya,  .leaving  the  mouth  of  Red  River  out  of  the  proposed  improve- 
ment, except  the  work  of  building  a  dam  across  Old  River. 

It  was,  as  may  also  be  seen,  then  stated  that — 

The  whole  subject  of  the  feasibility  of  this  route  and  of  its  sufficiency  and  adapta- 
bility as  a  permanent  channel  of  communication  between  the  Mississippi  and  Red 
rivers  will  be  referred  to  a  Board  of  Engineer  Officers  for  opinion  thereon  before  de- 
ciding upon  the  further  application  of  the  appropriations  of  June  18,  1878,  and  March 
y,  1879,  of  which  there  remains  an  unexpended  balance  at  this  time  of  about  $155,000. 

I  have  the  honor  accordingly  now  to  submit  the  inclosed  copy  of  the 
report  of  the  Board  of  Engineers  for  Fortifications  and  for  River  and  Har- 
bor Improvements,  &c.,  to  whom  Major  Benyaurd's  report  was  referred, 
and  to  respectfully  suggest  that  it  be  submitted  to  Congress  in  farther 
elucidation  of  the  subject  in  hand. 

The  Board,  as  will  be  perceived,  does  not  recommend  Major  Ben- 
yaurd's plan,  for  reasons  which,  in  my  judgment,  are  satisfactory,  and  in 
which  I  concur.  I  beg,  therefore,  to  suggest  that  the  funds  now  availa- 
ble be  applied  to  the  improvement  of  the  mouth  of  Red  River  by  dredg- 
ing, and  to  the  measurements,  &c.,  recommended  by  the  Board  of  Engi- 
neers. 

Very  respectfully,  your  obedient  servant, 

H.  G.  Weight, 
Chief  of  Engineers  J 
Brig,  and  BvU  Maj.  Oen. 
Hon.  Alexander  Raiiisey, 

Secretary  of  War, 


BEPOBT  OF  the  BOARD  OF  ENGINEEBS. 

Office  of  Boabd  of  ENomEEBS  fob  Fobtifioations 

AND  FOB  RiVEB  AND  HABBOB  IMPBOVEMENTS,  &C., 

New  Yorkj  April  20,  1880. 

Genbeal  :  By  your  letter  of  March  17, 1880^  the  subject  of  the  im- 
provement of  the  mouth  of  the  Red  River,  Louisiana,  appropriations  for 
which  were  made  by  acts  of  Congress  approved  June  18, 1878,  and  March 
3,  1879,  was  referred  to  this  Board  for  an  expression  of  opinion  thereon. 
Accompanying  the  letter  was  the  report  of  the  engineer  iu  charge  of  the 
work,  Maj.  W.  H.  H.  Benyaurd,  Corps  of  Engineers,  dated  February  li^, 
1880. 

Prior  to  the  date  of  the  first  of  these  appropriations  no  special  action 
had  been  taken  by  the  United  States  Government  in  this  matter,  but  it 
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had  long  engaged  the  attention  of  the  Board  of  State  Engineers  of  Louisi- 
ana. It  has  been  noticed,  and  occasionally  discussed,  in  the  annual 
reports  of  that  body,  and  considerable  sums  have  been  expended  by  the 
State  in  works  designed  to  improve  the  navigation  in  Old  Eiver,  where 
the  principal  difficulty  is  encountered. 

Major  Benyaurd's  report  so  well  explains  the  topographical  features 
of  the  locality,  and  so  clearly  states  the  results  of  his  own  surveys,  con- 
ducted to  throw  light  upon  the  complicated  hydraulic  conditions  affect- 
ing the  problem,  that  no  recapitulation  is  required.  Some  additional 
facts  drawn  from  other  sources,  and  certain  collateral  questions  not  dis- 
cussed by  him,  merit  attention  before  proceeding  to  consider  his  plans 
of  improvement. 

Adopting  the  mean  level  of  the  Oulf  of  Mexico  as  the  plane  of  refer- 
ence, the  elevation  of  the  high-water  surface  of  the  Mississippi  at  Red 
Kiver  Landing  is  49.5  feet,  and  of  the  low- water  surface  only  5.2  feet. 
At  Plaquemine  these  quantities  are  30.6  feet  and  1.9  feet,  respectively; 
and  at  Indian  Village,  only  8.5  miles  below,  on  Bayou  plaquemine,  they 
were  10.4  feet,  and  about  1.5  feet  before  its  closure  in  1865.  At  Butte  la 
Rose,  where  the  Atchafalaya  changes  its  name  to  Grand  Eiver,  they  are 
8.8  ieet  and  2.2  feet.  At  the  mouth  of  Black  Eiver,  30  miles  above  the 
proper  mouth  of  Eed  Eiver,  they  are  about  54  feet  and  9  feet.  At  the 
upper  mouth  of  the  Atchafalaya,  6.5  miles  from  Eed  Eiver  Landing,  the 
bigh  and  low  water  level  is  somewhat  variable  in  different  years,  even 
wheu  the  total  volume  passing  southward  is  the  same,  being' dependent 
upon  the  relative  conditions  of  the  Mississippi  and  Eed  rivers ;  but  the 
average  values  differ  but  little  from  those  at  Eed  Eiver  Landing,  say  49 
feet  and  5  feet. 

Speaking  generally,  these  figures  indicate  that  when  the  Mississippi 
16  at  its  lowest  stage  the  level  of  the  Gulf  practically  extends  to  tlie 
month  proper  of  Eed  Eiver,  and  that  when  it  rises  to  its  flood  stage,  50 
feet  above  this  plane  at  Eed  Eiver  Landing,  a  vast  swamp  basin,  ex- 
tending southward  from  Butte  la  Eose  and  connecting  with-  the  Gulf, 
exists  on  its  right  bank  and  at  the  nearest  point  at  no  great  distance 
from  its  channel ;  also,  that  this  basin  is  so  well  drained  by  the  net- work 
of  bayous  leading  to  Grand  Lake,  and  thence  through  Berwick's  Bay  to 
the  Gulf,  that  the  water  never  rises  upon  an  average  more  than  6  or  8 
feet^  even  when  the  Atchafalaya  is  in  full  flood,  and  when  the  immense 
Mississippi  crevasses,  which  always  occur  at  such  seasons,  are  discharg- 
ing^ large  volumes  of  water  into  this  region,  already  filled  by  local  rains. 
The  Atchafalaya  and  La  Fourche  at  present,  and  the  Plaquemine  before 
its  closure  in  1865  as  well,  ai-e,  therefore,  to  be  regarded  as  waste- weirs, 
which  carry  off  a  part  of  the  surplus  flood  volume  of  the  Mississippi,  and 
thas  tend  to  protect  the  whole  region  bordering  that  river  for  a  distance 
of  300  miles  above  the  passes.  These  facts  render  it  clear  that  before 
Any  project  contemplating  the  closure  of  the  Atchafalaya,  as  an  outlet  of 
the  Mississippi  can  be  even  entertained  a  close  study  of  its  hydraulic 
Unctions  must  be  made. 

Perhaps  the  earliest  map  extant  showing  the  efflux  of  the  Atchafalaya 
is  that  made  in  1578  by  the  monk  Ptolemy,  a  member  ot  De  Soto's  ex- 
liedition.  Then,  as  now,  the  stream  served  as  a  waste- weir  of  the  Mis- 
fnssippi,  and  succeeding  maps  show  that  no  material  change  occurred 
l)efore  1831,  when  Shreve  made  his  cut-off',  which  entaired  the  difficulties 
now  so  serious.  The  fact  that  its  lower  course  was  choked  more  or  less 
by  drift-logs  until  1839-.'40,  when  they  were  removed  by  the  State,  has 
no  important  bearing  upon  its  value  as  an  outlet,  because  the  flood-water 
spread  from  the  channel  proper  freely  outward  through  swamp-drains 
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and  over  the  banks,  and  thus  reached  the  great  basin  level  withoni 
serionsly  checking  the  current  entering  at  the  upper  mouth.  The  di- 
mensions of  this  mouth  seem  to  be  gradually  enlarging,  both  by  widen- 
ing and  deepening.  Thus  the  effective  high-water  area  of  cross-section 
at  this  point  in  1851  was  24,000  square  feet,  with  a  width  of  736  feet;  in 
1859,  2«,000  square  feet,  with  a  width  of  830  feet;  and  by  Major  Ben 
yaurd's  survey  it  now  (1879)  appears  to  be  about  45,000  square  feet,  with 
a  widtii  of  940  fleet.  The  bed  in  this  vicinity  is  of  hard  clay,  which 
donbtless  explains  the  reason  why  t^  change  is  so  gradual,  for  the  car- 
rent  is  strong  at  the  flood-stage— about  4  feet  per  second. 

During  the  flood  of  1858  the  volume  which  entered  the  Atohafalaya 
was  about  120,000  cubic  feet  per  second,  and  at  the  same  level  it  would 
now  probably  be  not  less  than  180,000  cubic  feet.  The  maximum  dis* 
eharge  which  has  ever  passed  Red  Eiver  Landing  in  the  channel  of  the 
Mississippi  (inundating  the  lower  country  by  disastrous  crevasses)  is 
about  1,2^50,000  cubic  feet  per  second,  and  the  commission  of  engineers 
appointed  hi  1874  to  investigate  and  report  a  plan  fi»r  the  reclamation 
of  the  alluvial  region  reported  that  provision  must  be  made  for  about 
},409,OOU  cubic  feet  when  the  levees  above  are  perfected. 

In  the  great  flood  of  1851  Eed  River  discharged  220,000  cubic  feet  per 
second  when  standing  at  Alexandria  1.1  foot  below  the  highest  point 
attained  in  1849.  These  fkcts  and  figures  should  be  borne  in  mind  when 
considering  Hs^or  Benyanrd's  prcgecte  for  the  iniprovement  of  low-water 
navigation,  for,  ^though  the  latter  object  is  of  great  importance,  it  is 
entirely  secondary  to  the  safety'  of  the  lower  country  against  inundation. 

Three  flood  combinations  may  occur 'at  the  mouth  of  Red  River  to  en- 
danger the  lower  country.  (1.)  The  Mississippi  may  be  at  a  dangerous 
height  when  Red  River  is  low.  (2.)  Red  Red  may  be  very  high  when 
the  Mississippi  is  bank  full.  (3.)  Both  rivers  may  have  a  coincidence  in 
great  floods. 

Fortunately  the  first  combination  is  most  common,  and  in  that  case 
the  Atchafalaya  now  performs  the  duty  of  an  efficient  outlet,  and  to  thai 
extent  relieves  the  lower  country.  In  the  second  case  the  Atchafalaya 
carries  its  fall  volume  of  Red  River  water,  and  any  excess  discharges 
into  the  Mississippi  and  passes  off  without  seriously  endangering  either 
the  Atchafalaya  Valley  or  the  plantations  on  the  Mississippi.  In  the 
third  case  the  volume  to  be  carried  off  exceeds  the  discharging  cax>acity 
of  botii  channels,  but  nature  divides  the  overflow  between  the  Atoha- 
^laya  and  Mississippi  in  an  equitable  manner,  whidii  leaves  no  jnsi; 
ground  of  complaint  between  the  respective  proprietors  of  the  land  sub- 
liierged. 

Major  Benyaiird's  first  plan  is  to  separate  the  Red  River  and  Ateiia- 
fblaya  by  a  low- water  dam,  thus  forcing  the  former  to  flow  into  the 
Mississippi  through  Upper  Old  River  and  a  cat  to  be  artificially  prepMed. 
I^his  wonld  not  affect  the  fijrst  flood  combination,  bat  neit^r  the  second  nor 
the  third  would  be  as  favoral^  as  at  present,  becaose  the  iuOTeased  dis- 
charge might  inteif ere  with  the  local  slope  of  the  snrfiice  of  the  Mississippi 
at  Red  River  Landing,  and  thas  might  raise  the  level  anoaaloosly  firom  1 
to  2  feet,  as  actually  occurred  in  1851  (see  Physics  and  Hydraolics  of  the 
Mississippi,  p.  385].  There  are  other  objectionable  features  in  this  plan. 
The  fall  between  tne  mouth  of  Black  River  and  that  of  Red  River  proper 
in  both  flood  and  low- water  stages  is  4  feet  in  30  miles,  or  at  a  rate  of 
0.14  foot  x>er  mile.  By  adding  the  5.5  miles  to  the  length  of  the  stream, 
contemplated  by  this  plan,  the  flood  surface  of  Red  River  must  be  raised 
and  the  low- water  slope  sensibly  diminished.  The  latter  would  aggra- 
vate the  tendency  to  form  troublesome  bars  in  the  new  month,  which 
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formerly  existed  in  the  old  month  proper.  This  plan  has  been  favored 
by  the  Board  of  State  Engineers  of  Louisiana,  bat,  in  view  of  its  un- 
certain efficacy  and  certain  defects,  we  agree  with  Major  Benyaurd  in 
Bot  reeommending  it. 

Anotber  plan  submitted  by  M^r  Benyaurd,  and,  indeed,  recom- 
meaded  by  him  for  adoption,  eoasista  in  closing  both  mouths  of  Old 
River,  thus  permanently  separating  the  Mississippi  from  Bed  River  and 
the  Atehafalaya,  which  are  heieafter  U>  constitute  a  single  stream.  Nav- 
igatiim  between  the  Bed  Bi vw  eountxy  and  New  Orleans  is  to  be  scoured 
at  all  stages  by  the  canalization  of  old  Bayou  Plaquemiae,  thus  opening 
a  new  route  through  Grand  and  Atchafalaya  rivers. 

When  this  project  is  brou^^t  to  the  test  afforded  by  the  possible  flood 
combHiatkms  of  the  three  rivers,  it  is  at  once  seen  to  be  inadmissible* 
In  the  ft»t  and  most  common  casei  the  Atcha&laya  might  be  at  a  low- 
water  stage  while  the  Mississippi  plantations  were  suffering  ruin  from 
crevasse  water  that  would  now  eaoape  by  the  channel  of  the  former  with- 
out injury  to  any  one.  In  the  second  case,  the  Atcha&laya  country 
might  be  inuntdated  by  a  Bed  lEtiver  flood,  the  surplus  water  of  which 
would  now  pass  down  the  Miasismppi  without  damage.  In  the  third  case, 
claims  for  damages  might  justly  be  brought  by  the  land  proprietors  who 
had  suffered  in  consequence  of  the  arbitrary  partition  of  the  surplus 
volame.  In  the  judgment  of  the  Board  this  plan,  or  any  other  which 
looks  to  the  closing  of  the  Atchafalaya  as  a  high- water  outlet,  should 
never  be  entertain^. 

A  modification  of  this  plan,  suggested  by  Major  Benyaurd,  is  free 
ftom  this  objectionable  feature.  Matters  are  to  be  left  to  nature  where 
the  three  rivers  come  together;  but  the  Plaquemine  canal  is  to  be  con- 
Ktrnctcd  for  use  at  low  stages,  when  the  open  mouth  of  Old  Biver  be- 
comes unnavigable.  At  high-water  stages  the  present  route  is  to  be 
used. 

This  plan  merits  careful  study.  Assuming  that  at  low  stages  the 
Atehaftdaya  nowlaffords  in  the  lower  part  of  its  course  as  good  naviga- 
tion as  Bed  Biver— a  point  not  discussed  by  Major  Benyaurd,  and  con- 
eeming  which  the  Board  has  only  the  information  contained  in  the 
report  of  Major  Howell,  Corps  of  Engineers,  forming  Appendix  B  14 
to  the  Beport  of  the  Chief  o€  Engineers,  for  the  year  ending  June  30^ 
^74->U8  surveys  show  a  water^route  to  connect  it  with  the  PJaquemine, 
which  isould  be  made  good  at  a  moderate  outlay.  Indeed  the  only  diffi- 
eult  features  of  the  project  are  the  construction  of  the  locks  at  Pla- 
quemine to  withstand  the  considerable  oscillation  of  the  Mississippi  (at 
Itast  30  feet  should  lie  provided  for)  and  the  protection  of  Plaquemine 
bend  against  caving,  whidli  now  appears  to  be  seriousv  In  this  conuec- 
lion  the  following  from  the  report  oi  the  Board  of  State  Engineers  of 
Ifousiana  for  1876,  is  quoted : 

It  amy  be  well  to  state  here  that  a  most  damaging  cave  took  place  in  the  town  of 
'hfiieailiie  on  the  SSd  of  this  month.  The  eave  occurred  in  the  evening,  and  earned 
9m%f  aboot  12  bnildingSy  fences,  dtc.,  and  a  firont  throuffh  the  main  portion  of  the 
tewn  of  about  1,400  feet,  and  in  horizontal  depth  about  140  £eet.  We  nave  located  a 
letee  behind  thin  cave  and  along  Bank  street,  and  were  obliged  to  throw  out  about  50 
WlMi^gs  in  order  to  secure  any  permanency  to  the  leyee. 

Major  Benyanrd's  estimate  of  the  cost  for  this  plan  is  $457,264.66, 
which  is  thoaght  by  this  Board  to  be  much  below  what  the  actual  con- 
struction would  involve. 

Another  project  presented  by  M^or  Benyaurd  is  to  leave  the  water- 
<x)arse8  as  they  are  at  present,  and  to  depend  upon  local  dredging  to 
maintain  lowwater  navigation  through  Lower  Old  Biver.    The  esti- 
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mated  cost  for  a  single  season  of  working  the  two  dredges  needed  is 
only  from  $10,000  to  $15,000. 

The  gradual  increase  in  cross-section  of  the  efflux  of  the  Atchafalaya 
suggests  a  tendency  to  an  increased  flow  through  this  channel  at  low- 
water  stages,  which  may  naturally  improve  the  depth  in  Old  River,  and 
thus  modify  the  conditions  of  the  problem  as  now  presented.  Experi- 
ments heretofore  made  in  this  vicinity  in  the  interests  of  navigation 
(Shreve's  Cut-oflF  in  1831,  and  Eacconrci  Cut-off  in  1848)  have  resulted 
disastrously,  and  indeed  the  hydraulic  conditions  are  so  complex  that  it 
is  not  easy  to  predict  in  advance  what  will  be  the  permanent  effect  of 
any  artificial  work. 

For  these  reasons  the  Board  recommend  that  the  funds  now  available 
be  expended  in  dredging  according  to  Mtyor  Benyaurd's  project ;  and 
that  carefiil^measurements  be  made,  and  frequently  repeated,  for  about  3 
miles  down  the  efflux  of  the  Atchafalaya  and  in  Lower  Old  River.  The 
plan  shduld  be  tried  with  a  competent  force  and  sufficient  yearly  exi)end- 
iture  to  make  a  thorough  and  conclusive  test.  Information  will  thus  be 
secured  which  will  affo^  hereafter  better  grounds  for  deciding  upon  the 
necessity  of  more  costly  plans  of  operations  than  any  now  available. 
Respectfully  submitted. 

Z.  B.  Tower, 
♦  Colonel  of  Engineers^  Brevet  Major-General, 

John  !Newton, 
Colonel  of  Engineers^  Brevet  Major-OeneraL 

Henry  L.  Abbot, 
Major  of  Engineers j  Brevet  Brigadier- (}etieral 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers  J  U,  8.  A. 


report  of  major  w.  h.  h.  benyaurd,  corps  of  enoineers. 

United  States  Engineer  Office, 

Memphis^  Tenn.y  February  12,  1880. 

General.  :  I  have  the  honor  to  present  the  following  rejiort  upon  the 
improvement  of  the  mouth  of  Red  River,  Louisiana,  appropriations  for 
which  were  made  by  acts  of  Congress  approved  June  18,  1878,  and 
March  3, 1879. 

Up  to  the  time  of  the  first  appropriation  no  survey  of  the  locality  had 
ever  been  undertaken  by  the  department,  or  by  the  direction  of  Congress, 
looking  to  the  assumption  by  the  government  of  the  work  of  improve- 
ment heretofore  carried  on  by  the  State  of  Louisiana,  and  the  estimates 
then  presented  were  based  upon  the  reports  and  plans  made  under  the 
direction  of  the  Board  of  State  Engineers.  This  body  had  had  the  mat- 
ter under  consideration  for  many  years,  and  while  numerous  plans  and 
estimates  had  been  presented,  no  work  except  of  a  minor  character  had 
ever  been  attempted.  In  1874,  E.  H.  Angemar,  assistant  State  engi- 
neer, presented  to  the  State  Board  a  plan  (though  without  estimates), 
which  was  approved  "as  by  far  the  cheapest  and  simplest  plan,"  and  it 
was  upon  this  that  the  estimates  presented  to  Congress  were  based.  The 
plan  seemed  perfectly  feasible  and  practicable.  Essentially  it  was  to 
build  a  low-water  dam  from  Tnrnbull's  Island  to  the  main  land  between 
the  old  mouth  of  Red  River  and  the  Atchafalaya,  and  to  turn  Red  River 
down  the  upper  channel  above  TurubuU's  Island. 

Upon  the  work  being  assigned  me,  I  directed  a  survey  to  be  luade 
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of  the  entire  locality,  embracing  the  old  month  of  Red  River,  the  upper 
aod  lower  channels  around  TurnbuU's  Island,  the  head  of  the  Atchafalaya, 
and  the  mouth  of  Old  River,  and  the  Mississippi  in  the  vicinity,  with  a 
view  of  gaining  all  possible  information  covering  the  actual  condition 
of  affairs  and  the  best  method  of  carrying  out  the  work  of  improyement. 

The  survey  upon  which  the  maps  and  drawings  herewith  presented 
are  based  was  commenced  in  July  following  the  announcement  of  the 
appropriation.  High-water  for  a  while  interfered  with  the  work,  and 
afterwards  the  yellow  fever  prevailing  at  Red  River  Landing  and  vicinity 
caused  me  to  withdraw  the  party  from  the  field  and  abandon  the  survey 
until  a  more  favorable  season.  It  was  recommenced  in  December  and 
finished  the  following  February  (1879).  The  parties  were  brought  to 
the  office  and  the  drawings  and  plans  worked  up  from  the  notes.  The 
results  showed  that  many  changes  had  taken  place  since  1874,  and  that 
the  conditions  were  very  unfavorable  for  carrying  into  successful  execu- 
tion the  above-mentioned  plan.  The  vast  interests  at  stake,  involving 
the  commerce  of  the  Red,  Black,  Ouachita,  Atchafalaya,  and  their  trib- 
utaries, demanded  that  other  routes  possessing  favorable  features  should 
be  examined  before  finally  determining  upon  a  definite  plan.  Consider- 
ing that  the  one  suggestM  by  Mr.  J.  K.  Duncan,  when  chief  State 
engineer,  of  taking  Bayou  Plaquemine  as  the  route  to  Red  'River,  pre- 
sented many  excellent  points,  I  concluded  to  have  that  route  surveyed^ 
and  accordingly  in  July  I  dispatched  a  party  to  the  Plaquemine  for  that 
puriK)se.    The  results  of  this  survey  will  be  noticed  further  on. 

A8  a  history  of  the  changes  or  causes  that  led  to  the  destruction  ot 
the  navigation  of  the  mouth  of  Red  River  will  be  necessary  for  a  proper 
understanding  of  the  questions  involved,  I  will  give  extracts  bearing 
npon  the  same,  taken  from  the  various  reports  of  the  board  of  State 
engineers  of  Louisiana. 

In  an  elaborate  report  upon  the  origin  and  causes  of  the  deterioration 
of  the  navigation  of  Old  River  (as  the  channel  is  now  called),  by  Mr. 
J.  K.  Duncan,  in  I860,  he  states : 

I  am  nnwiUing  to  aclmlt  a  mere  gpecnlation  in  thiB  report^  but  in  as  far  as  the  ques- 
tion of  original  unity  between  the  Ked  and  the  Atchafalaya  rivers  is  concerned  thia 
us  nnavoidablers  History  and  tradition  at  the  remotest  dates  found  the  same  indirect 
Reparation  of  these  rivers  as  there  is  at  present,  for  no  direct  evidence  of  a  more  per- 
fect connection  between  them  has  ever  come  down  t«  our  times.  Hence  our  deduc- 
tions regarding  this  former  unity  can  now  only  be  based  upon  a  careful  inspection  of 
the  present  geography  and  geology  of  the  valleys  of  the  two  rivers  in  question.  A 
^jooe  examination  and  comparison  of  the  physical  aspects  and  the  geological  forma-  ^ 
tious  of  these  valleys  leads  one  inevitably  to  the  conclusion  that  there  was  a  former 
time  when  the  Rod  and  Atchafalaya  rivers  were  one  and  the  same  stream,  which  had 
BO  connection  with  the  Mississippi  whatever,  except  through  lateral  overflows  in 
extreme  floods.  It  is  not  presumed  by  this  that  there  were  not  other  outlets  to  Rod 
River  besides  the  Atohjifalaya  during  the  outward  progress  of  the  whole  front  of  its 
delta. 

The  Teche,  in. all  probability,  was  such  an  outlet  up  to  a  very  recent  period  com- 
paratively ;  but  upon  due  investigation  of  the  subject,  however,  the  con\iction  will 
force  itself  upon  everj-^  one  that,  as  the  land  extended  outward,  the  Atchafalaya  became 
the  final  and  only  remaining  one  of  these  outlets. 

I  am  aware  that  this  former  unity  between  the  Red  and  the  Atchafalaya  rivers  has 
Wn  questioned  by  several  able  and  scientific  writers.  .The  problem  of  low-water 
navij^ation,  which  rt^mains  to  be  solved,  however,  depends  upon  the  present  existence 
of  things  and  not  upon  the  changes  of  the  past,  and  therefore  it  is  inmiat<*rial  whether 
this  premise  be  admitt'Cd  or  not,  as  it  will  be  fully  proven  hereafter  that  these  two 
rivers  form  one  and  the  same  str<^am  now,  which  will  be  sufficient  for  our  argument. 
The  Red  and  the  MisHissippi  rivers  then  occupied  sepafate  valleys,  running  generally 
jiarailel  with  each  othtT,  but  with  no  immediate  connection  between  them.  The 
latter  sought  the  Gulf  at  the  Balizc,  through  its  own  independent  channel,  while  the 
foniier  reached  the  8t»a  thrfmi{:h  the  Atchafalaya  and  Berwick's  Bay. 

Tlie  general  tendency  of  alluvial  streams  is  ever  to  lengthen  their  courses  and  reduce 
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tlieir  fllopeH.  As  a  con^ieqiience  of  the  tortuous  mcanderings  resulting  from  this  con- 
sideration the  Red  and  MiaBlsaippi  rivers  came  together  and  mingled  their  wnters 
In  thns  coming  together^  however,  it  mtist  he  borne  steadily  in  mind  that  the  former 
liras  completely  ent  into  two  parts,  aud  that  the  bend  or  loop  of  the  MiBsiasippii  tiov 
called  Old  River,  separated  these  parts  by  a  distance  of  about  3  miles,  and  thns  main- 
tained an  indirect  comniuuication  only  between  them.  For  easy  nomenclature,  we 
will  designate  these  parts  by  the  nahies  by  which  they  are  now  known ;  that  is,  we 
will  call  the  npper  crae  Rod  River  and  the  lower  the  Atchafalaya. 

The  natural  efl^ts  which  would  be  produced  by  the  meeting  of  the  watera  of  the 
Red  and  Missiflsippi  rivers  would  be  aa  toUowa: 

EFFECTS  UPOK  THE  ATCHAFALAYA. 

As  the  Atchafalaya  flowed  directly  frdm  the  apex  of  an  abrupt  bend  of  the  Miasis- 
fipippi^  which  then,  aa  now,  oonstituted  its  source  or  head,  it  ia  evident  that  after  the 
neating  mentioned  it  would  become  the  general  recipient  of  most  of  the  floAtintg  dnft 
•«oming  down  the  Missisfciippi  during  the  rise  of  ita  nooils.  The  inevitable  result  of 
this  would  be  the  complete  rafting  of  the  Atchafalaya  from  Berwick's  Bay  to  its  head. 
Everything  proves  this  dense  raftuig  to  have  taken  place,  traces  of  w^hich  are  apparent 
throntfhout  the  entire  course  of  the  river,  in  its  lake  formation,  and  in  ita  numerooi 
Urtonil  chutes  caused  bv  the  water  breaking  around  the  rafts  and  coming  in  again 
below  them.  Thin  has  been  known  to  be  the  case  up  to  a  very  recent  date,  as  but  a 
few  years  have  elapsed  since  the  rafts  were  broken  and  removed  by  the  internal  de- 
paftment. 

These  ebstnietions  would  nnder  the  current  of  the  Atchafalaya  very  sluggish, 
whence  there  would  he  a  consequent  rapid  deposition  of  sediment  nx>on  therafta,  cans* 
^Bg  the  channel  of  the  river  to  contract  and  shoal  its  bed. 

EFFECTS  ON    THE  RED  RIVER. 

It  is  plain  that  when  their  waters  first  came  together  the  inevitable  result  would  be 
the  abM>rptiou  of  the  Red  by  the  Mississippi,  and  a  rush  of  most  of  its  waters  down 
the  stream  of  the  greatest  slope  and  velocity. 

This  becomes  the  more  evident  when  we  reflect  that  the  Red  debouched  directly 
into  the  Mississi}^)!,  and  that  it  was  furthermore  completely  cut  off  ftom  ita  natuml 
outlet,  the  Atchafalaya. 

As  the  Mississippi  at  that  time  swept  entirely  around  the  bend  now  called  Old  River, 
.and  as  the  Atchafalaya  became  rafted  in  the  manner  before  shown,  the  Red  River 
wonld  continue  to  flow  into  it  as  a  forced  tributary  until  some  subsequent  great  change 
should  divert  it<8  course  and  direct  it  elsewhere. 

Throughout  all  the  delta  of  the  Mississippi  it  is  well  known  that  its  banks  fall  rap- 
idly back  from  the  river  laterally,  and  consequently  the  parallel  back  valley  must  be 
on  a  lower  level  on  the  same  parallel  of  latitude.  Hence  the  Red  River,  running 
through  this  lower  vallev,  must  necessarily  be  below  the  Mississippi,  and  taia  beio^ 
universal  on  every  parallel  it  is  evident  that  the  plane  of  its  slope  has  a  leas  inclina- 
tion also.  In  consequence,  during  its  floods  ana  even  at  low-water  the  Mississippi 
wonld  back  up  its  waters  into  the  former,  and,  as  these  back  waters  had  no  natural 
•tmtlet,  they  would  be  forced  up  the  Red,  Black,  Ouachita,  and  Little  rivers,  and  their 
-  numerous  branches,  perhaps  for  many  miles.  This  would  produce  a  constant  retarda- 
tion of  the  current  of  Lower  Red  River  and  a  consequent  precipitation  of  the  earthy 
matter  held  in  suspension,  as  this  latter  is  lifted  and  carried  along  entirely  by  the 
velocity  of  the  current,  or  b^  the  mechanical  action  of  the  water  in  motion,  as  we  have 
before  seen.  These  depositions  would  cause  the  lower  part  of  its  channel  to  shoal; 
and  the  waters  coming  down  from  above,  together  with  the  back  waters  fh>m  the  Mil- 
sissippi,  finding  no  sufficient  vent,  would  escape  in  a  sheet,  flow  over  the  banks  into 
the  low-bordenng  swamps,  thus  converting  nearly  all  of  this  entire  region  into  one 
Tast  reservoir,  as  far  as  the  retardation  extended. 

The  sudden  accession  of  the  waters  of  Red  River  to  its  volume  would  t^nse  the 
Mississippi  to  change  its  regimen.  This  change  could  not  have  been  very  great  or  sod- 
den,  however,  as  the  At'Chamlaya,  until  it  became  rafted,  partially  compensated  for  the 
accession  from  Red  River.  •  In  time  this  river  accommodated  itself  to  the  new  order  of 
things,  discharging  its  surplus  in  the  meanwhile  over  both  of  its  banks  into  the  low 
swamps  beyona. 

It  is  plain,  furthermore^  that  at  that  time  there  could  have  been  no  question  of  low- 
water  navigation,  exceptmg  at  the  mouth  of  and  in  Lower  Red  River,  as  what  is  Old 
iliver  now  was  then  the  Mississippi. 

Such  had  probably  been  the  condition  of  these  rivers  for  lupes,  and  this  was  their 
•eondition  and  their  several  relations  at  the  time  they  were  first  discovered  by  the 
Europeans,  and  thence  up  to  the  year  1831,  when  our  troubles  regarding  navigation 
iMgan  to  be  really  serious. 
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At  this  time,  1831  (see  map  A),  the  MisAtssippi  formed  the  loop  alluded 
to,  received  at  its  upper  bend  the  waters  of  Red  River,  directly,  and  from 
its  lower  eAd  emptied  its  own  water  directly  into  the  Atchafalaya.  The 
difttaaee  around  the  bend  was  about  17  miles,  while  across  the  narrow 
neck  of  land  it  was  but  a  few  hundred  yards.  The  Atchafalaya  was,  as 
stjited,  completely  filled  with  raft,  and  at  the  same  time  a  bar  was  form- 
ing at  the  month  of  Red  River,  and  its  lower  reaches  were  becoming 
ahoal  from  the  deposition  of  sedinent.  To  improve  the  navigation  of 
the  month  of  Red  River,  recourse  was  had  to  the  Shreve  Gut-<^*,  which 
was  made  over  the  narrow  neck  of  land.    Of  this,  Duncan  says : 

To  ituprove  the  navigatioii  at  the  mouth  of  and  in  Lower  Red  River,  which  waa 
rapidly  deteriorating  from  the  deposition  at  its  mouth,  caused  by  checkrng  the  cur- 
rent, as  we  have  1)elore  seen,  recourse  was  had  to  this  poj>nIar  bat  pernicious  method 
of  obtaining  immediate  relief. 

A  perfect  cut-off  produced,  together  with  other  results,  a  sudden  fall  of  the  whole 
river  at  and  above  the  point  where  made. 

It  is  hence  evident  that  tbere  would  result  temporarily  from  this  work  the  immedi- 
^ti"  benefit  reqnired.  The  Mississippi  having  suddenly  fallen  at  the  month  of  Red 
River,  there  would  necessarily  be  lew  back  water  in  the  latter,  and  consequently  an 
increased  current  and  greater  fall.  Red  River  would,  therefore,  tend  to  free  itself  from 
fbe  shoal  bars  at  its  mouth,  and  to  wash  oiit  the  light  deposits  which  had  accumulated 
iu  its  bed  for  some  distance  above.  This  benefit  could  not  of  necessity  be  permanent 
or  lastinff ;  for  by  thas  throwing  the  Mississippi  further  to  the  east,  it  was  partially 
separatea  from  Red  River,  and  to  a  certain  degree  both  rivers  were  forced  to  assume 
their  orifipnal  independent  channels. 

SeTend  natural  causes  would  tend  to  widen  if  not  to  complete  the  separation,  two 
<»f  whieb.  especially,  were  prominently  active : 

First  The  tendency  of  the  Mississippi  to  close  up  the  gorges  of  its  old  bend  by  an- 
nual deposits  in  them.  This  is  an  invariable  Jiaw  whicn  operates  in  every  cut-off, 
whether  natural  or  attiiicial,  and  of  the  effects  of  which  Lakes  Saint  John  and  Con- 
cordia, in  the  parish  of  Concordia,  a  short  distance  above,  may  be  instanced  as  perfect 
specimens  on  tne  Mississippi.  There  are  many  other  similar  cut-offs  throughout  the 
Stat^  which  have  completely  closed  their  gorges  by  this  same  process,  and  which  are 
fiuniliar  to  every  one. 

Second.  The  renewed  efforts  of  the  Red  River  to  roach  the  Gulf  by  the  lower  levels 
of  the  Atchafblaya,  from  the  increased  activity  which  it  received  under  this  ehange 
of  i^pmen  and  artificial  separation.  Additional  power  and  increased  activity  were 
also  given  to  the  operations  of  these  natural  causes  by  the  labors  of  man  j  for  in  1833, 
two  yens  mhfW  the  eat>off  had  been  made,  a  board  of  public  works  was  incorporated 
under  which  the  internal  improvements  or  the  State  began  to  be  developed.  The  re- 
QK>Yal  of  the  rafts  obstructing  the  Atchafalaya  and  Grand  rivers  and  Bayou  Sorrel 
being  urgently  demanded  by  the  necessities  of  the  case  was  among  the  earliest  of  its 
^feratioiw.  In  ordfer  to  open  the  naivigatiim  through  these  streams  to  the  At^akanas, 
a  labor  leqfolnd  by  an  ineseaeiag  pop^tion,  man  performed  by  the  removal  of  these 
nifts  that  which  nature  was  unable  to  do  without  such  assistance,  as  we  have  before 
•een. 

When  ifaeae  rafts  were  partiaHly  broken  and  removed  the  increased  current  velocity 
<if  the  Atehafiilaira  soon  washed  out  the  light  dei>osits  in  its  channel.  By  the  aann^ 
aasistanoe  which  it  received  f^om  the  internal  improvement  department,  ihiB  river 
rapidly  aasamed  its  original  capacity  to  vent  the  waters  of  Rea  River,  with  an  in- 
eteased  abilit;^  to  carry  off  the  back  waters  discharged  into  the  Red  River  basin  by 


Ae  MianAfa^.    The  efforts  of  both  of  the  latter  rivers  were  joined  in  the  same  direo- 
eRedRr 


tion ;  the  Red  River,  striving  to  reaatn  iAs  natacal  oatlet  by  the  lower  levels  of 
▼aHey^sa^pliod  water  and  current  Tor  the  abrasion,  and  the  Mississippi,  by  usin^  the 
Iiower  Sea  and  all  of  Old  River  as  a  reservoir,  greatly  weakened  and  retarded  the 
enrrents  in  the  latter,  and  hence  there  resulted  a  rapid  precipitation  of  alluvial  de- 
posit and  oonseqmnit  shoailng  throu^^hmit  the  entire  channol  of  Old  River.  Its  Iow«r 
^orse  was  dosed  in  a  few  years,  while  bars  and  shoals  were  more  gradually  fermisig 
m  the  anmr  gorge,  and  islands  and  shoals  in  all  that  part  of  its  channel  from  the 
mouth  <»  the  Red  River  to  the  Mississippi.  Besides,  the  Mississippi  kept  receding 
further  to  the  east  by  a  vigorous  abrasion  of  its  left  bank,  while  as  rapidly  batturing 
the  rfgfai  bank  and  filling  the  goi^es  of  its  old  bend,  unt^l  it  has  taken  up  an  equated 
posttion  at  some  considerable  mstanoe  fix>m  the  place  where  Shreve  originally  cut  hta 
channel. 

It  la  plain  from  these  facts  that  this  cut-off,  together  with  the  removal  of  the  Atch- 
afalaya raft«.  had  in  a  great  measure  restored  the  Red  and  Mississippi  rivers  to  their 
pHmaiy  condition  before  the  meeting  of  their  waters,  giving  each  a  tendency  to  tha 
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Galf  by  its  own  independent  channel.  The  connection  of  the  Red  and  Atchafalays 
with  the  Mississippi  was  made  to  depend  entirely  upon  the  navigation  of  the  old  bend 
of  the  latter,  now  called  Old  River.  This  was  rapidly  filling  up  from  ^he  effects  of 
natural  causes.  In  short,  the  cut-off  had  only  transferred  the  dimculty  from  the  month 
of  the  Red  to  th«  channel  of  Old  River,  and  had  greatly  impaired  the  navigation  in> 
stead  of  improving  it. 

Among  the  many  plans  suggesting  themselves  for  the  amelioration  of  the  lovr-water 
navigation  of  Old  River,  it  is  singular  that  no  other  method  could  be  thought  of  than 
the  recnrrence  to  a  second  cut-off,  especially  after  the  experience  of  the  fat>al  conse- 
quences of  the  first.  With  this  object  in  view,  however,  the  Raccourci  cut-off  wat^ 
proposed  and  finally  completed  in  1^7. 

Here  is  another  instance  of  hasty  legislation,  rushing  into  unknown  and  greater 
evils  merely  to  escape  for  the  moment  an  existing  one.  Notwithstonding  the  efforte 
made  by  P.  O.  Hubert,  State  engineer,  to  arrest  the  progress  and  final  execution  of 
this  work,  and  in  spite  of  the  warnings  of  other  engineers  of  scientific  attainments, 
who  cautioned  the  legislature  that  this  proposed  cut-off  would  not  produce  the  benefitrfi 
expected  of  it,  but  that  it  would  only  cause  the  inundation  of  Lower  Louisiana,  still 
this  last  crowning  work  was  ordered  into  execution. 

As  was  predicted  of  it,  and  as  might  have  been  anticipated  from  the  character  of 
its  effects,  this  work  led  to  an  early  and  complete  separation  of  the  Red  and  the  Mis- 
sissippi rivers,  by  giving  additional  power  and  activity  to  all  the  causes  which  we 
have  seen  in  operation,  assisting  them  the  more  rapidly  to  destroy  the  very  navigation 
through  Old  River  which  it  had  been  made  to  improve. 

This  cut-off  was  completed  in  1847.  Since  then  Old  River  has  filled  up,  not  gradually 
but  with  extraowlinary  rapidity.  Every  river  pilot  will  confirm  this ;  and  it  is,  further- 
more, attested  by  the  annual  legislation  invoked  by  general  complaint  for  its  improve- 
ment. Since  that  time,  furthermore,  the  rafts  in  the  Atchafalaya  have  been  completely 
broken,  and  to  a  great  extent  removed,  so  that  its  channel  is  now  widened  and  deep- 
ened to  something  like  its  original  capacity  and  magnitude. 

In  consequence,  therefore,  of  the  making  of  these  cut-offs,  and  -the  removal  of  the 
Atchafalaya  rafts,  nature  has  at  length  triumphed  in  the  execution  of  her  nniversaJ 
and  unchangeable  laws.  And  while  the  legislatures  of  1859  and  1860  were  passing 
acts  anticipatory  of  a  separation  of  the  Red  and  Mississippi  rivers,  that  result  had  iu 
reality  already  taken  place  for  all  the  practical  purposes  of  low-water  navigation,  and 
the  waters  of  the  Red  and  the  Atchafalaya  were  effeotuallv  blended  into  one  stream, 
flowing  mcyestically  iu  one  unbroken  channel  of  over  2,000  miles  from  the  Rocky 
Mountains  to  the  Gulf  of  Mexico. 

This  has  probably  been  the  case  for  several  vears  past ;  and  it  will  be  endeavored 
to  be  proved  further  on  in  this  report  that  this  separation  has  been  anything  but  a 
misfortune  to  the  best  interests  of  the  State. 

CHANGES  THAT  HAVE  TAKEN  PLACE  IN  OLD  RIVER  SINCE  THE  SHREVE 

CUTOFF. 

Previons  to  that  event,  Old  River,  which  was  then  the  bend  of  the 
Mississippi,  was  apwards  of  three-fourths  of  a  mile  wide  and  80  feet  deep. 
After  the  cut-off  the  bend  commenced  to  fill  up  very  rapidly,  so  much  so, 
that  in  1839,  eight  years  after.  State  Engineer  Dunbar  reports  that  on 
the  18th  of  January  of  that  year  he  found  5 J  feet  of  water  over  the  bar 
at  the  mouth  of  Red  River,  5^  feet  on  the  bar  of  the  Atchafalaya,  18 
inches  over  the  bar  at  the  lower  mouth,  and  10  feet  over  the  bar  in  the 
upper  mouth,  showing  a  difference  of  4^  feet  between  the  bar  in  the  up- 
per mouth  and  the  bar  in  the  Atchafalaya. 

On  the  13th  of  February  of  the  same  year  he  found  10  feet  of  water 
over  the  bar  at  the  mouth  of  Red  River,  17  feet  in  the  upper  mouth  with 
no  current,  12 j  feet  in  the  mouth  of  the  Atchafalaya  with  a  strong  car- 
rent,  and  4 J  feet  over  the  bar  at  the  lower  mouth,  showing  an  increase 
of  deposits  on  the  bar  at  Red  River  of  2  feet  and  one  of  3J  feet  on  the 
bar  at  the  lower  mouth,  while  the  relative  depths  of  the  Atchafalaya 
and  the  upper  mouth  remained  the  same.  The  estimate  was  baaed  upon 
the  supposition  that  the  bar  in  the  Atchafalaya,  being  composed  of  hard 
blue  clay,  would  not  cut  by  the  action  of  the  water. 

By  his  examinations  in  the  following  year  (1840),  he  found  that  the 
main  part  of  the  lower  mouth  was  2.^  feet  out  of  water,  the  balance  wa*^ 
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entirely  dry,  with  the  exception  of  a  small  communication  about  10  feet 
wide  on  the  level  with  the  surface  of  the  water.  The  soundings  showed 
a  depth  of  7 J  feet  in  the  channel  over  the  bar  in  the  upper  mouth,  6 
inches  of  water  on  the  shoalest  part  of  the  bar  at  Bed  River,  and  5^  feet 
«m  the  bar  in  the  Atchafalaya,  showing  a  difference  between  the  bars  in 
tbe  api)er  mouth  and  the  Atchafalaya  of  2  feet,  and  making  a  decrease 
of  difference  between  the  two  of  2i  feet  since  January,  1839  (map  B, 
showiug  locality  in  1839). 

The  change  and  filling  up  continued,  and  navigation  became  so  bad 
that  during  the  years  1845,  '46,  and  '47  it  was  virtuallj'  suspended  during 
the  low-water  season.  It  was  during  the  latter  year  that  recourse  was 
bad  to  the  Raccourci  cut-off,  as  mentioned  above.  Instead  of  producing 
the  desired  effect  of  cleaning  out  the  deposits  at  the  mouth,  it  only  has- 
tened the  more  rapid  filling  up  thereof. 

The  surveys  made  by  L.  Hebert  in  1855  and  '56  show  still  more  the 
important  change  taking  place  and  the  further  separation  of  the  Bed 
aQ<l  Mississippi  rivers. 

In  1860,  Duncan  reports  that  on  the  12th  of  August  of  that  year  the 
mouth  was  entirely  closed  to  the  passage  of  a  small  steamer,  there  be- 
ing at  that  time  but  abjut  18  inches  of  water  upon  the  bar.  Measure- 
ments taken  during  the  season  after  a  steamer  had  plowed  her  way 
through  gave  an  actual  width  of  channel  of  170  feet,  a  depth  of  2.95  feet, 
and  a  sectional  water  area  of  503  square  feet. 

Map  G,  herewith,  made  in  1866,  shows  still  greater  changes.  The 
lower  channel  was  completely  closed  at.  its  mouth,  the  deposit  being 
covered  with  a  heavy  growth  of  timber,  communication  being  main- 
tained between  the  Bed  and  the  Mississippi  rivers  through  the  upper 
channel,  which  was  very  narrow  and  shallow. 

In  1872  the  river  forced  itself  through  the  narrow  strip  of  land  that 
obstructed  the  lower  channel,  and  at  the  same  time  commenced  filling 
the  upper  channel,  which  up  to  that  year  had  been  the  route  for  the  boats. 
tSince  that  year  the  lower  channel  at  low- water  has  been  the  main  chan- 
nel of  commnnication. 

Id  December,  1876,  the  river  was  closed  to  such  an  extent  that  three- 
foarths  of  the  boats  navigating  the  Bed  and  tributary  streams  were  de- 
tained at  the  obstruction,  waiting  for  the  river  to  rise. 

In  1877  navigation  became  so  difficult  that  the  State  made  an  appro- 
priation to  keep  the  channel  open.  In  1878  the  government  employed 
two  tugs  and  a  steamer  for  a  month  and  a  half  for  a  like  purpose. 

In  fact,  it  might  be  said  that  were  it  not  for  the  temporary  expedients 
resorted  to  from  year  to  year,  the  navigation  through  Old  Biver  would 
have  long  before  been  destroyed. 

CHANGES  IN  THE  ATCHAJALAYA. 

At  the  time  of  the  cut-off,  and  for  several  years  afterward,  the  Atch- 
afalaya was  a  very  small  stream,  filled  with  rafts,  and  almost  unnaviga- 
ble.  It  is  reported  that  in  1839  the  water  was  so  low  at  the  head  of  the 
stream  that  foot  passengers,  by  means  of  a  plank  15  feet  long,  could 
walk  across  it.  In  that  year  the  State  commenced  removing  the  rafts 
and  other  obstructions,  and  immediately  the  river  commenced  widening 
^nd  deepening,  and  is  still  continuing  the  process. 

lu  1850,  Professor  Forshey  states  that,  from  reported  soundings,  he 
found  a  mean  high- water  depth  at  the  head  of  about  50  feet,  with  a  width 
of  730  feet.  Soundings  made  at  the  time  of  my  survey  show  an  extreme 
^fcwater  depth  of  85  feet  and  a  width  at  surface  of  about  900  feet. 
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The  maps,  &c..  herewith  presented  show  the  condition  of  the  different 
channels  at  the  time  of  the  recent  survey.  The  stage  of  water  was  thei* 
5  feet  above  extreme  low- water  and  the  sections  are  referred  to  that 
stage,  though  low-water  is  at  the  same  time  indicated. 

Starting  in  Old  Red  Kiver  proi)er  above  the  heiid  of  TurnbuU's  Island, 
there  was  found  a  width  of  940  feet  and  a  depth  of  23  feet,  giving  a  sec- 
tional area  of  14,080  square  feet;  a  low- water  section  would  be  9,(>o(> 
square  feet. 

At  the  head  of  TumbulPs  Island  the  channel  separates  into  what  are 
known  as  Upper  Old  River  and  Lower  Old  River,  joining  again  at  the 
foot  of  the  island  and  flowing  thence  to  the  Mississippi  in  a  single  chan- 
nel.  In  ordinary  stages  of  water  Upper  Old  River  divides  at  its  head 
into  three  channels,  known  respectively  as  the  Sugar  House  Chute, 
Middle  Chute,  and  the  Straight  Chute.  In  extreme  low- water  these  are 
entirely  closed  and  there  is  no  navigation  down  Upper  Old  River. 

Lower  Old  River  is  now  the  only  navigable  channel  at  a  low  stage  of 
water,  and  at  times,  even  through  it,  great  difficulty  is  experienced,  pai- 
ticularly  on  the  lower  reaches.  In  its  upper  part,  say  just  below  the 
bead  of  TurnbuU's  Island,  the  lowest  depth  found  was  13  feet  at  the 
stage  above  indicated.  As  we  approach  the  head  of  the  Atchafalaya 
we  find  a  depth  just  above  of  37  feet  and  just  below  of  27  feet,  with  cor- 
responding sectional  areas  of  14,680  and  14,820  square  feet. 

The  sections  of  the  Atchafalaya  at  its  head,  and  at  a  point  1,000  feet 
below,  give  respectively  52,100  square  feet  and  16,766  square  feet  The 
large  increase  of  the  up[)er  section  is  due  to  the  eddy  formed  by  the 
meeting  of  the  water  of  the  Red  and  Mississippi  and  scouring  out  a  deep 
hole,  the  depth  on  this  section  being  at  low-water  85  feet. 

After  leaving  the  head  of  the  Atchafalaya,  the  channel  of  Old  River 
commences  to  shoal,  and  from  opposite  Chandler's  Landing  down  to 
near  the  lower  end  of  TurubulPs  Island  navigation  is  extremely  difficult 
particularly  along  the  channel  known  as  the  Gut  or  Mud  Hole,  where 
for  a  distance  of  about  8,000  feet  the  channel  varied  in  width  from  250 
to  400  feet,  with  a  depth  from  2J  to  3  feet  at  low-water.  The  bottom 
through  this  channel  being  covered  with  a  layer  of  soft  mud,  through 
which  the  lightest  sounding  rod  was  easily  pushed,  rendered  the  opera- 
tion of  obtaining  the  sounding  to  extreme  nicety  very  difficult. 

From  the  Gut  out  until  we  reach  the  mouth  we  find  a  sufficient  depth 
of  water.  At  this  point,  however,  we  found  only  4.}  feet  at  the  time  of 
the  survey  (the  gauge  at  Red  River  Landing  being  5  feet  above  low- 
water),  showing  a  possibility  of  a  complete  blocking  up  of  the  entrances 
had  the  water  been  at  its  lowest  stage.  A  reference  to  the  maps  will 
indicate,  in  much  more  detail,  the  soondiugs,  cross  sections,  4&c.,  and 
will  give  a  full  idea  of  the  situation  much  more  i-eadily  than  any  descriiv 
tion. 

Considering  the  changes  that  have  taken  place  in  the  channels  of  Red 
River,  Old  River,  and  the  Atcha&laya  from  the  date  of  the  ShreveCut-off 
down  to  the  present  time,  it  is  evident  that  navigation  of  Old  River  ha.< 
become  niore  and  more  difficult  from  year  to  year,  and  threatens  at  no 
great  future  time  to  be  utterly  destroyed.  In  fact,  had  it  not  been  for 
the  work  executed  at  difterent  times,  Old  River  would  most  undoubtedly 
have  been  closed  up.  It  is  estimated  that  the  State  of  Louisiana  has 
spent  upwards  of  $1,000,000  in  attempting  the  various  improvements. 
These  latter,  however,  were  not  of  a  permanent  nature,  but  consistivl 
mostly  of  dredging  and  scraping  operations  during  the  low- water  season. 
The  operations  during  the'  past  three  years,  as  carried  on  by  the  State 
and  by  the  government,  have  been  only  with  a  view  to  keeping  the  chan- 
nel open  temporarily. 
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While  the  uavigation  of  Old  River  has  been  deteriorating,  that  in  the 
Atchafalaya  has  been  improving,  and  this  bayoa  has  enlarged  to  such 
an  extent  that  it  now  absorbs  all  the  water  of  Red  River  (when  at  a  low 
stage)  in  its  endeavor  to  reach  the  Gulf  by  the  shorter  route  down  ttie- 
Atcbatalaya.  I  caused  Red  River  below  the  mouth  of  Black  River  ta 
be  gauged  when  it  was  near  its  low-water  mark,  the  result  being  a  dis- 
charge of  10,775.25  cubic  feet  per  second ;  the  mean  veloci^  being  1.191 
feet  per  second,  and  the  area  of  section  9,050  square  feet.  At  the  same 
time  the  gauging  of  the  Atchafalaya,  half  a  mile  below  its  head,  gave  a 
low- water  discharge  of  16,950  cubic  feet  per  second;  or,  in  other  words, 
the  Atchafalaya  was  carrying  off  half  as  much  water  again  as  it  received 
from  Red  River,  the  difference  being  from  the  Mississippi.  The  distance 
to  the  Gulf  from  the  head  of  the  Atchafalaya  by  way  of  Grand  Lake 
and  Berwick's  Bay  is  133  miles.  The  distance  by  way  of  the  Mississippi 
is  estimated  at  326  miles.  Under  the  old  condition  of  aftairs  the  waters 
of  Red  River  may  be  said  to  have  reached  the  sea  with  a  fall  of  1.84 
inches  per  mile.  That  which  now  runs  down  the  Atchafalaya  falls  at 
the  rate  of  about  5.7  inches  per  mile. 

From  my  observations  it  is  evident  that  the  Atchafalaya  has  again 
become  an  important  outlet  to  the  Mississippi  River.  The  current  now 
at  all  times  runs /roiH  the  Mississippi.  It  is  only  during  the  very  excep- 
Houdl  time  when  the  Red  is  high  and  the  Mississippi  low  that  any 
Bed  River  water  passes  the  head  of  the  Atchafalaya  and  finds  its  way 
to  the  Mississippi.  This  has  been  doubted,  but  since  my  conuectioift 
with  the  improvement  I  have  not  known  to  the  contrary,  and  I  believe 
tills  important  change  dates  from  the  time  (1872)  when  the  river  broke 
throngh  the  strip  of  land  in  Lower  Old  River,  and  made  that  the  naviga- 
ble channel.  From  a  consideration  of  the  conditions  and  relations  of  the 
different  streams,  it  is  evident — 

Furst.  That  the  low-water  navigation  of  Old  lUver  is  completely  de- 
stroyed for  all  practical  purposes,  and  that  as  the  same  causes  are  still 
operating  it  must  necessarily  deteriorate  more  and  more  every  yeaj*. 

Second.  That  the  water  suj^ly  of  Old  River  is  due  to  the  Mississii^pi 
both  at  high  and  low  stages,  and  not  to  Red  River. 

Third.  That  the  Red  and  Atchafalaya  rivers  are  unquestionably  one 
and  the  same  stream  now,  whatever  may  have  been  their  former  rela- 
tions. 

Fooith.  And  that  there  is  a  constant  deposit  at  the  mouth  and  in 
Ix)wer  Red  River,  owing  to  the  retardation  of  its  current  by  the  back 
waters  of  the  Mississippi. 

Hence  Old  River  can  only  be  regarded  as  a  communication  between 
the  Bed,  Atchafalaya,  and  the  Mississippi  during  the  continuance  of 
high  waters,  at  which  time  it  also  acts  as  a  water- waste  to  the  surplus 
floods  of  tlie  latter. 

The  question  then  naturally  arises  what  must  be  done  to  improve  the 
low- water  condition  of  Old  River  and  maintain  that  channel  as  a  naviga- 
ble avenue  of  communication  between  the  Mississippi  and  the  Red. 

While  numerous  plans  have  heretofore  been  presented  to  effect  that 
object,  the  changes  that  have  taken  place  from  year  to  year  have  so 
modified  the  conditions  upon  which  they  were  based  that  their  consid- 
eration would  be  of  no  practical  value,  and  therefore  they  will  not  be 
<li8cu8sed.  At  the  present  time  there  are  but  two  plans  advanced,  that 
is  for  the  improvement  of  the  immediate  locality;  that  for  the  Plaque- 
nnue  will  be  considered  hereafter.    These  two  plans  are —  nf 

First.  To  build  a  dam  across  lower  Old  River  below  the  head  of  Turn- 
bull's  Island,  and  force  Red  River  down  upper  Old  River,  and  thence  by 


1296     REPOKT   OF   THE   CHIEF    OF   ENGINEERS,    U.    8.    ARMY. 

a  cot  through  into  the  Mississippi ;  thus  leaving  the  communication  be- 
tween the  Mississippi  and  the  Atchafalaya  by  way  of  the  lower  reach  of 
Old  Eiver.  This  was  the  plan  lately  presented,  and  was  the  one  upon 
which  the  estimates  were  presented  for  the  consideration  of  Congress. 

Second.  Dredging  Lower  Old  River  at  its  mouth  and  at  the  other 
points  of  obstruction,  as  a  temporary  means  and  to  be  resorted  to  every 
low-water  season  whenever  the  obstruction  be  sufficient  to  demand  it. 

The  first  plan  involves  the  construction  of  a  low-water  dam  across 
Lower  Old  Kiver,  the  closing  of  the  middle  and  straight  chutes  at  the 
head  of  TurnbuU^s  Island  dam  at  lower  end  of  Upper  Old  Eiver,  and  the 
excavation  of  a  cut  through  to  the  Mississippi.  The  dredging  and  exca- 
vation provides  for  a  channel  200  feet  wide  and  5  feet  below  exti^me 
low-water  line.    The  estimated  cost  of  this  work  is  $361,828.79. 

The  effect  of  this  work  would  in  reality  be  only  to  transfer  the  diffi- 
culties from  the  lower  to  the  upper  channel,  and  at  considerable  expense. 
As  it  was  observed  even  in  former  times  that  Bed  Biv^  had  not  suffi- 
cient velocity  to  clean  out  the  dei)osits  at  its  mouth,  it  is  still  more  ap- 
parent that  with  the  increased  length  of  channel,  and  with  its  mouth 
moved  some  5^  miles  farther  eastward.  Bed  Biver  could  not  be  projected 
into  the  Mississippi  with  sufficient  velocity  to  insure  at  all  seasons  an 
open  channel.  The  causes  that  operate  at  the  present  time  to  fill  up 
the  gorges  of  Lower  Old  Biver  would  operate  in  the  same  manner  with 
the  upper  channel,  and,  therefore,  expensive  dredging  operations  would 
necessarily  have  to  be  resorted  to  every  low-water  season.  With  this 
view  of  the  case  we  might  avoid  the  expensive  work  of  attempting  to 
turn  Bed  Biver  down  the  upper  channel,  and  resort  at  once  to  attempt 
the  maintenance  of  an  open  channel  by  the  second  plan,  which  contem- 
plates dredging^  or  some  similar  process,  such  as  scraping,  harrowing,  or 
stirring  up  the  deposit,  and  inducing  a  current  to  carry  the  same  off. 

These  processes  have  been  resort^  to  more  or  less  by  the  State  for  a 
number  of  years,  and  for  the  past  three  seasons  by  the  State  and  by  the 
government,  at  an  expense  of  about  $10,000  per  year.  A  channel  suffi- 
ciently large  for  the  passage  of  the  steamers  navigating  the  Bed  and 
tributory  streams  was  maintained.  This  past  year,  however,  the  ex- 
treme low-water  in  the  Mississippi  and  other  streams  greatly  added  to 
the  difficulty  of  keeping  an  open  channel ;  and  at  one  time  the  mouth  of 
the  river  was  completely  blocked  up. 

Unless  changes  take  place  in  the  relative  condition  of  the  streams, 
whereby  the  Atchafalaya  will  again  become  an  important  outlet  of  the 
Mississippi^  and  there  will  be  a  constant  and  efficient  current  maintained 
Jram  the  Mississippi  into  the  Atchafalaya  through  Lower  Old  Biver  suffi- 
cient to  keep  that  channel  open,  the  work  of  dredging  will  become  more 
and  more  difficult  from  year  to  year. 

It  is  possible  that  the  changes  alluded  to  may  be  about  to  take  place. 
During  the  low- water  season  of  last  fall,  I  kept  my  dredgeboat  employed 
in  keeping  the  mouth  open.  In  the  execution  of  this  work,  a  channel 
was  dredged  through  the  bar  and  out  several  hundred  feet  into  the 
Mississippi.  Soon  afterwards,  the  Mississippi  commenced  rising  and  a 
strong  current  was  found  setting  in  from  the  Mississippi  towards  the 
Atchafalaya.  It  was  found  also  that  the  '^  Gut "  was  not  so  much  of  an 
obstruction  as  formerly,  and  that  the  soft  deposit  had  been  carried  down 
to  the  ^^  crossing '' and  in  front  of  Chandler's  Landing.  Should  this 
deposit  continue  to  move  towards  the  Atchafalaya,  it  is  possible  than  au 
open  channel  may  be  maintained.  At  last  advices,  the  Mississippi  had 
risen  at  tbe  mouth  of  Bed  Biver  to  a  height  of  33.65  feet  above  the 
standai'd  low-water  of  1872,  Bed  Biver  at  the  same  time  remaining  very 
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low.  The  strong  current  and  volume  of  water  passing  through  Old 
River  and  down  the  Atchafalaya  had  the  e£fect  of  alarming  the  planters 
along  this  latter  stream,  as  they  seemed  to  fear  that  the  Mississippi 
would  turn  a  great  portion  of  this  volume  down  that  way.  While  they 
desired  an  open  channel,  they  did  not  wish  it  at  the  expense  of  their 
plantations.  At  the  present  time  it  will  be  impossible  to  predict  what 
effect  this  increased  current  and  volume  of  water  may  have  upon  Old 
River  and  the  Atchafalaya.  Next  low-water  an  examination  can  be 
made,  and  it  may  pi*esent  a  simpler  solution  of  the  problem  of  keeping 
an  open  mouth  through  Red  River  than  any  yet  advanced. 

Should  it  be  advisable  to  continue  the  dredging  operations  it  will  be 
necessary  to  provide  another  drc^geboat  in  addition  to  that  now  in 
service ;  keeping  one  at  the  outer  and  one  at  the  inner  obstruction.  The 
estimated  cost  of  a  new  dredge  is  $40,000,  and  the  cost  of  operating  both 
is  from  $10,000  to  $15,000,  depending  upon  the  length  of  the  season. 

■ 

BAYOU  PLAQUEMINB  EOUTE. 

After  considering  that  the  first  plan,  with  its  objectionable  features, 
would  not  fulfill  the  conditions  of  maintaining  a  permanent  channel,  and 
that  the  second  plan  was  but  a  temporary  expedient,  attention  was 
directed  to  the  Bayou  Plaquemine,  which,  if  improved,  would  possibly 
give  good  navigation  via  Grand  River  and  the  Atchafalaya  from  the 
Mississippi  to  the  Red,  and  at  the  same  time  preserve  the  communica- 
tioQ  between  the  Mississippi  and  the  Attakapas  country. 

The  plan  for  the  improvement  of  the  route  contemplates  the  closing  of 
the  raouth  of  Old  River,  either  by  natural  causes  or  artificial  means,  and 
the  caualing  and  locking  of  the  Plaquemine,  and  the  dredging  of  a  por- 
tion of  Grand  River,  and  the  removal  of  obstructions  from  the  Atchafa- 
laya. 

Bayou  Plaquemine  was  many  years  ago  a  mere  overflow  couU  choked 
with  growing  timber.  To  secure  water  communication  with  the  Atta- 
kapas country  this  timber  was  removed,  and  ultimately  an  outlet  having 
a  cross-section  of  6,000  square  feet  and  carrying  oil'  35,000  cubic  feet  of 
water  per  sec<md  was  formed.  The  work  in  question  was  done  by  the 
Louisiana  Na\igation  Company,  under  a  charter  from  the  State.  *  The 
project  for  maintaining  uavigati<m  throughout  the  whole  year  proved  a 
failure,  and  was  ultimately  abandoned.  As  the  mouth  of  the  bayou 
was  situated  in  an  abrupt  bend  of  the  Mississippi,  the  banks  at  that 
\mnt  were  eroded  greatly  by  the  force  of  the  current,  and,  in  addition, 
the  bayou  itself  was  being  rapidly  tilled  up  with  drift  from  the  river, 
iiiaking  navigation  extremely  dangerous  and  difficult.  In  1865  the 
bayou  was  ch>sed  at  its  head  by  a  levee,  upon  the  ground  that  there 
was  danger  of  its  rapid  enlargement,  and  that  the  back  country  would 
he  endangered  by  tlie  volume  of  water  poured  into  it  from  the  Missis- 
sippi. After  the  overflow  of  1874  a  new  levee  was  built  farther  back 
for  l>etter  protection. 

At.  the  foot  of  Bayou  Plaquemine  (11  miles)  we  enter  Grand  River, 
projierly  a  continuation  of  the  Atchafalaya,  which,  turning  eastward  at 
Butte  k  la  Rose,  runs  through  the  h)wer  part  of  the  x>arish  of  Iberville 
ODtil  joined  by  the  Plaquemine  at  a  place  called  the  Park ;  thence  flow- 
ing southward,  finally  discharges  into  the  lower  end  of  Grand  Lake. 
Grand  River,  a|ter  leaving  the  Plaquemine,  is  a  small  stream,  varying 
in  width  in  the  first  5  miles  from  65  to  125  feet,  with  a  depth  of  not 
under  9  feet.  Prom  thence  the  river  widens  to  400  feet  at  the  third  flat^ 
and  from  this  point  to  Osca  Bay  it  has  a  width  of  from  600  to  900  feet^ 

82  £ 
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with  a  depth  from  15  to  40  feet.  From  Spoil  Bayou  to  the  Little  Atcha- 
falaya  the  width  of  the  river  is  from  300  to  500  feet,  and  at  Batte  &  la 
Bose  900  feet  wide.  Both  sides  of  the  river,  from  the  foot  of  the  Plaque- 
mine  to  the  Big  Pigeon,  are  wild,  low,  and  swampy ;  from  Big  Pigeon 
up  to  La  Eaurpe  the  right  bank  is  partly  cultivated,  the  strip  of  land 
varying  from  1,200  to  3,000  feet  in  width,  back  of  which  we  find  the 
bottom  land ;  back  of  that,  swamps.  Cow  Island,  and  the  land  in  the 
vicinity  of  Butte  &  la  Rose,  lie  from  10  to  14  feet  above  low-water.  The 
difference  in  elevation  of  the  surface  of  low-water  in  the  Mississippi  at 
Pla^uemine  and  that  at  Butte  4  la  Rose  varies  very  little,  say  only  0.33 
of  a  foot. 

The  difiference  between  high  and  low  water  in  the  Mississippi  River 
at  PJaquemine  is  28.7  feet  The  difference  in  elevation  between  high- 
water  mark  in  the  Mississippi  and  at  the  Indian  VilJage  is  20.2  feet 
At  Butte  ii  la  Rose  the  difference  between  high  and  low  water  is  6.57 
feet;  at  the  second  flat  it  is  8.83  feet;  and  at  the  bridge  is  7.9. 

Now,  if  we  propose  taking  this  bayou  route,  and  making  it  the  navi- 
gable channel  of  communication  through  to  Red  River,  it  will  be  neces- 
sary to  lock  the  Plaquemine  near  its  head,  dredge  out'  its  lower  end, 
widen  Grand  River  through  the  narrows,  and  to  remove  the  obstructions 
from  the  Atchafalaya.  I^  at  the  same  time,  we  remove  the  rafts  and 
other  obstructions  from  the  net- work  of  connecting  bayous,  it  will  open 
that  entire  section  of  country  to  navigation. 

As  the  total  lift,  at  extreme  stage,  to  be  overcome  is  28.8  feet,  we  will 
have  to  use  two  locks,  each  having  a  lift  of  14.4  feet.  The  locks  pro- 
posed will  be  250  feet  long  and  48  ^et  between  walls  of  chambers. 

The  estimates  for  these  locks,  made  by  Mr.  Max  E.  Schmidt,  assistant  en- 
gineer, and  appended,  are tl99, 951  3S 

Dredging  and  excavating  in  bayon  is 124, 612  84 

Dredging  and  excavating  in  Grand  River  is 42, 700  46 

Protection  of  bank  of  Mississippi,  5,000  feet,  at  (18 90, 000  00 

Building  dam  in  Old  River 96,734  50 

Total  cost  of  Plaquemine  route 553, 999  16 

As  before  stated  that  Bed  River  being  below  the  Mississippi  the  plane 
of  its  slope  has  a  less  inclination  than  that  of  the  Mississippi,  and,  con- 
sequently, the  waters  of  the  latter  were  forced  up  the  former,  and  as 
these  waters  had  no  natural  outlet  other  than  the  Atchafalaya,  they 
would  necessarily  be  backed  up  the  tributary  streams.  During  the  ex- 
treme high  stage  of  water  in  the  Mississippi  we  find  this  backwater 
extending  to  the  Falls  of  Alexandria  on  the  Ked,  and  to  Ouachita  City 
at  mouth  of  Bayon  Bartholomew  on  the  Ouachita,  and  also  up  the  Tensas 
and  Little  rivers,  to  the  great  damage  of  the  lands  along  those  streams. 

Now,  by  the  adoption  of  the  above  plan  we  secure  permanent  low- 
water  navigation  at  all  seasons  to  the  trade,  commerce,  and  pixniucts  of 
the  Bed  and  the  Atchafalaya  rivers  and  the  Attakapas  country,  and  at 
the  same  time  secure  the  lands  lying  on  the  different  streams  from  danger 
from  overflow  from  the  backwater  due  to  floods  in  the  Mississippi.  The 
navigation  at  low- water  in  the  lower  reaches  of  Red  River  will  also  be 
greatly  improved. 

If,  in  the  plan  for  the  Plaquemine  route,  we  omit  the  dam  in  Old  River, 
we  can  use  the  lock  during  the  low  stage  of  water  (as  Old  River  navi- 
gation will  then  be  interrupted),  and  use  Old  River  during  the  higher 
stages,  which  at  the  same  time  becomes  an  outlet  for  the  waste  water 
firom  tne  Mississippi.  During  this  higher  stage  the  gates  in  the  lock  at 
Plaquemine  being  closed,  places  that  locality  in  the  same  condition  as  at 
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preseot  The  records  of  the  stage  of  water  show  that,  for  the  past  eight 
years,  there  has  been  an  average  of  150  days  a  year  when  the  water  was 
less  than  12  feet  in  the  river  at  Baton  Bonge,  above  Plaquemine,  and  the 
results  may  be  applied  to  that  place  also.  During  such  a  length  of  time 
the  boats  could  pass  through  without  the  trouble  of  locking.  The  objec- 
tions to  this  plan  are,  that  without  the  dam  the  condition  of  affairs  along 
the  tributary  streams  would  be  as  at  present — liable  to  overflow  from 
Mississippi  floods.  The  steamboat  interest  would,  no  doubt,  prefer  the 
latter  plan ;  that  is,  so  far  as  the  Plaquemine  route  is  concerned. 

• 

PLAN  RECOMMENDED. 

As  the  month  of  Bed  Biver  is  now  only  navigable  for  a  limited  portion 
of  the  season,  that  is,  during  the  high  and  medium  stages  of  the  Missis- 
sippi, except  when  we  resort  to  dredging,  and  as  this  latter  is  only  a 
temporary  means  of  improvement,  I  i;i  ould  recommend  for  the  permanent 
improvement  of  the  channel  the  adoption  of  the  Plaquemine  route,  which 
includes  the  protection  of  the  bank  of  the  Missis8ip])i  at  Plaquemine, 
the  coDStruction  of  the  lock,  the  improvement  of  Grand  Biver,  and  the 
closing  up  of  Old  Biver.  The  estimated  cost  of  the  improvement  is 
1553,^.16,  or,  if  we  omit  the  dam  in  Old  Biver  and  leave  that  channel 
open  as  an  outlet  and  as  a  navigable  route  at  high  and  medium  stages, 
the  estimated  cost  of  the  improvement  will  be  $457,264.60. 

In  the  arrangement  for  the  lock  at  Plaquemine  there  will  be  some 
tronble  arising  from  the  deposition  of  sediment  at  the  head,  so  that 
arrangements  must  be  made  for  receiving  the  deposit  and  for  the  main- 
tenance and  repairs  of  the  works. 

The  total  lift  at  extreme  stages  of  water  is  28.8  feet,  to  overcome  which 
we  must  use  two  locks,  each  having  a  lift  of  14.4  feet;  the  bottom  of 
both  locks  to  be  6  feet  below  the  low-water  of  the  Mississippi;  the 
length  of  each  lock  between  gates,  250  feet;  the  width  of  gate  walls,  48 
feet ;  the  side  or  chamber  walls  between  each  set  of  gates  to  be  con- 
structed of  earth,  the  banks  sloping  1^  to  1,  and  leaving  a  channel  way 
48  feet  wide  and  6  feet  deep  at  low- water;  the  height  of  upper  gate, 
middle  gate,  and  connecting  walls,  35^  feet,  and  of  the  lower  gate  ana 
connecting  walls  21^  feet,  above  the  bottom  of  locks;  the  rise  of  the 
miter-sill  9  feet,  and  the  breadth  of  gate- wing  ^  feet. 

To  the  pressure  of  the  water  the  upper  and  middle  gates  each  present 
a  surface  of  2,028  square  feet,  and  the  lower  gate  1,194  square  feet. 
The  highest  pressure  per  running  foot  for  the  upper  and  middle  gates  is 
23,326  pounds,  and  for  the  lower  gate  11,250  pounds.  The  location  of 
center  of  pressure  of  the  upper  and  middle'  gates  is  13.73  feet,  and  of 
the  lower  gate  7.07  feet,  above  the  bottom  of  locks.  The  moment  of 
overturning  force  in  the  upper  and  middle  gates  is,  for  each,  320,265 
pounds,  and  for  the  lower  gate  79,539  pounds. 

Thickness  of  walls. — The  vertical  faces  will  front  toward  the  chamber, 
and  battering  or  stepping  faces  toward  the  ground;  the  walls  to  be 
constructed  of  rubble  masonry,  the  width  on  top  to  be  4^  feet,  and  on 
the  bottom,  at  the  upper  and  middle  gates,  25  feet,  and  at  tne  lower 
gate  lOf  teet;  the  foundation,  as  far  as  the  masonry  extends  above  and 
below  each  gate,  to  be  composed  of  a  uniform  layer  of  cement- concrete 
5  feet  thick  lor  the  upper  and  middle  gates,  and  4^  feet  thick  for  the 
lower  gate;  the  miter-sill,  socSet-stone,  and  the  hollow  quoin  to  be  com- 
posed of  dressed  stone;  buttresses  10  feet  thick  and  40  feet  deep,  com- 
mencing at  the  hollow  quoin,  to  extend  back  at  right  angles  to  the  axis 
of  the  lock  50  feet  for  the  up^  er  and  middle  gates  and  40  feet  for  the 
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lower  gate;  the  gates  to  be  of  the  type  known  as  folding  gates;  to  be 
constracted  of  yellow  pine  and  oak;  to  have  three  wickets  for  each  wing, 
to  be  moved  by  crabs  placed  on  top  of  the  gate  walls. 

DETAILED   K8TIMATES. 

First  plan. 


I.  For  dosing  Lower  Old  Kiver. 

XL  For  oloAing  Middle  Chate  . . . 

m.  For  doding  slouKh  

rv.  For  dosing  pocket 

V.  For  doHing  Upper  Old  Hirer. 
VL  ForpUing 


Total 


Willows. 


Cords. 

9, 4»4. 19 
0U.VO6 
M9.46 

4,111.87 

6,133.97 


20,294.54 


stone. 


Oubiejfds. 

12, 668. 96 

854.82 

1,28&99 

5,414.81 

6,838  14 


27,065.72 


Piling. 


Linsar/L 


17,569 


17,569 


CoBt  of  works  constracted  according  to  the  preceding  estimates : 

30,294.54  cords  of  wiUow,  at  |2. 30  per  cord $46,677  44 

27,065.72  cubic  yards  stone,  at  |3.50  per  yard 94,730  02 

17,569  linear  feet  of  piling,  at  10  cents  per  foot 1,756  90 

To  sharpening  500  piles,  at  5  cents  per  pile 25  00 

To  driving  500  pile«s  at  90  cents  per  pile 450  00 

Dredging  842.072  cubic  yards,  at  15  cents  per  yard 126, 310  80 

Excavating  393,234  cubic  yards  (cut  to  Mississippi  River),  at  15  cents  per 

yard 58,985  10 

328, 9:5  26 

Add  10  per  cent,  contingencies 32,893  53 

Totalcost  of  first  plan 361.828  79 

Second  plan. 

New  dredge-boat'. $40,000  00 

Cost  of  operating  two  dredge-boats  per  season 15, 000  00 

Plaquemine  route. 

Dredging  and  excavating  in  bayou : 

Dredginff  126,609  cubic  yards,  at  15  cents  per  yard $18, 991  35 

Excavating  595,287  cubic  yards,  at  15  cents  per  yard 89, 293  05 

Pulling  snags  and  stumps 5, 0«>0  00 

Add  10  per  cent,  contingencies 11,32H  44 

Total 124,612  84 

Dredging  and  clearing  Grand  River: 

Dredging  244,444  cubic  yards,  at  15  cents  per  yard 36, 6iiG  iK) 

Grabbing  and  clearing  15.2  acres,  at  $10  per  acre 152  00 

Extracting  snags  and  ntumps. 2,000  oO 

Add  10  per  cent,  contingencies 3,881  86 

Total 42,700  46 

Dam  in  Old  River : 

16,493.67  cubic  yards  stone,  at  $3.50  per  yard 57,727  84 

12,326.18  cords  willows,  at  $2.30  per  cord ^ 28,350  21 

11,640  linear  feet  piling,  at  16  cents  per  foot 1,862  40 

Add  10  per  cent,  contingencies 8,794  05 

Total 96,734  60 


825  00 

212  94 

495  00 

228  00 

500  00 
90  00 

APPENDIX   O.  1301 

Looks: 
The  ostimated  cost  of  upper  gate  is  as  follows : 

Foandations  5  feet  thick  over  entire  lock-pit,  1,511  cable  yards  concrete, 
atlHperyard $12,088  00 

Rnbble  masonry  for  chamber  walls,  3,:)84  cubic  yards,  at  |H  per  yard 20, 304  00 

Dressed  stone  for  hollow  quoin  and  miter-sill,  100  cubic  yardt*,  at  |18  per 
yard 1,800  00 

Battresses,  extending  50  feet  back  of  hollow  quoins,  1,482  cubic  yards  of 
coQcrete,  at  |8  per  yard 11,856  00 

Gates: 

Each  wing,  13,750  feet — ^total,  27,500  feet  (board  measure)  of  yellow  pine, 
at  $30  pt-r  1,000  feet 

Each  wiuKt  3,042  feet — ^total,  6,084  feet  (board  measur*-)  of  white  oak,  at 
135  p«*r  1,000  feet .. 

For  anchor-iron,  strap  and  angle  iron,  boltn,  nuts,  washers,  and  2  heel- 
posts  and  sockets,  4,500  pounds,  at  11  cents  per  pound 

Fur  6  cast-iron  wickets  and  fastenings  (each  380  pounds),  2,280  pounds, 
at  10  cente  per  pound 

Machinery  for  working  gates,  including  crabs,  chains,  sheaves,  cast-iron 
rollers,  and  rails 

Two  cast-iron  scouring  sluices,  at  $45 

Total 48,398  94 

The  construction  of  the  middle  gate  being  similar  in  every  respect  to 
the  upper  gate,  its  estimated  cost  is  the  same. 
The  estimated  cost  of  lower  gate  is  as  follows: 

Foundation  4|  feet  thick  over  entire  lock-pit,  1,078  cubic  yards  of  con- 
crete, at  $8  per  yard $8,624  00 

Rubble  masonry  for  chamber-walls,  1,200  cubic  yards,  at  $6  per  yard  . . . 

Dressed  stone  for  hollow  quoin  and  miter-sill,  90  cubic  yards,  at  $18  per 
yard  

Buttresses  extending  40  feet  back  of  hollow  quoins,  1,185  cubic  yards  of 
concrete,  at  $8  per  yard 

Gates: 

Each  wing,  8,250  feet— total,  16,500  feet  (board  measure)  of  yellow  pine, 
at  $30  per  1,000  feet 

Each  wing,  1,791  feet — total,  3,582  feet  (board  measure). of  white  oak,  at 
$35  per  1,000  feet 

For  anchor-iron,  strap  and  angle  iron,  bolts,  nuts,  washers,  and  2  heel- 
posts  and  sockets,  3,000  pounds,  at  11  cents  per  pound 

For  6  cast-iron  wickets  and  fastenings  (each  350  pounds)  2,100  pounds,  at 
10  cents  per  pound 

Machinery  for  working  gates,  including  crabs,  chains,  sheaves,  cast-iron 
rollers,  and  rails 

Two  cast-iron  scouring  sluices,  at  $45 

Total 28,624  37 

Earth  excavation  and  auxiliary  work. 

Earth  excavation  is  as  follows : 

Cnbio  yards. 

Atnppergate    8,088 

Betwi^n  upper  and  middle  gates IH,  910 

At  middle  gate 9, 955 

Between  middle  and  lower  gates 22, 357 

At  lowergate 9,o:« 

For  buttresses 4,149 


7,200  00 

1,620  00 

9,480  00 

495  00 

125  37 

330  00 

210  00 

450  00 
90  00 

Total  amount  of  excavation 70, 497  at  50  cents  per  yard. .     $35, 248  50 

For  1,100  linear  feet  of  coffer-dam,  at  $12  per  linear  foot 13, 200  00 
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r^sumA. 

Two  lock-gates,  at  $48,398.94 $96,797  88 

Onelockgate   28,624  37 

Earth  excavation,  70,497  cubic  yards,  at  50  cents  per  yard 35, 248  r>0 

Coffur-dam,  1,100  linear  feet,  at  $12  per  linear  loot 13,200  (K) 

Add  15  per  cent.  contin&:encies 26,  OeO  61 

Total  cost  of  locks 199,951  36 

RECAPITULATION. 

Dredging  and  excavating  in  bayou $1^«  612  84 

Dredging  and  clearing  Grand  River 42,700  46 

Protection  of  bank  of  Mississippi,  5,000  feet,  at  $18 90,000  00 

Building  dam  in  Old  River 96,734  50 

Two  locks 199,951  36 

Total  cost  of  Plaquemine  route 553,999  16 

There  are  forwarded  herewith  the  following  maps  and  drawings  per- 
taining to  the  survey  and  workof  improvement.  The  detailed  drawings 
of  the  lock  at  Plaquemine  are  being  made,  and  will  be  forwarded  at  the 
earliest  possible  moment : 

Map  of  the  mouth  of  Eed  River  and  vicinity,  from  survey  of  1878-79. 
Three  maps  of  the  mouth  of  Red  River  and  vicinity,  viz : 

A.  From  the  survey  of  1805. 

B.  From  the  survey  of  1839,  by  Dunbar. 

C.  Showing  changes  from  1831  (completion  of  Shreve's  Cut-off)  to  1866. 

*Map  of  survey  of  Upper  Grand  River  and  Bayous  Plaquemine  and  Jacob  (1879),  in 
four  parts. 

*  Map  of  lower  part  of  Upper  Grand  River,  from  the  head  of  the  narrows  to  the  foot 
of  Bayou  Plaquemine,  on  an  enlarged  scale. 

*  Longitudinal  profile  of  Old  River,  and  Straight,  Middle,  and  Sugar-Honae  chutes. 

*  Longitudinal  profile  of  Upper  Grand  River,  and  Bayous  Plaquemine  and  Jacob. 

*  Cross-sections  of  Red  River  in  the  vicinity  of  the  mouth,  sections  1-X  and  1-16,' 
also,  sections  of  Atchafalaya  River,  Nos.  1  ana  t2. 

*  Detail  drawing  of  dam  at  the  head  of  TurnbulPs  Island. 


Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Bbnyaubd, 

Major  of  Engineers, 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8,  A. 


O  4. 

REMOVING  OBSTRUCTIONS  FROM  RED  RIVER,  LOUISIANA. 

Operations  were  carried  on  with  the  snag-boat  O.  G.  Wagner,  which 
entered  Bed  Kiver  from  the  Ouachita  in  the  latter  part  of  July  and  con- 
tinued active  work  until  February  of  this  year. 

Comparatively  little  work  was  done  below  the  falls  of  Alexandria,  as 
it  was  deemed  advisable  to  get  the  boat  above  that  obstruction  before 
the  water  became  too  low.  Up  to  the  falls  43  snags  were  removed,  and 
37  trees  cut. 

*  These  maps  are  not  submitted  herewith. 
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After  getting  above  Alexandria  the  work  was  continuous,  and  each 
of  the  places  named  below  was  worked  as  thoroughly  as  possible: 

Snags  remoTod. 

Colfax  Bar  and  Cane  River 43 

Hide  Shoal  above  Montgomery 23 

O.K.  Bend 77 

Pmdehomme  Bend 99 

Tucker's  Reach  i 32 

Grand  Ecore  Bar 26 

Rock  River  Bend 27 

Gladiola  Bend 144 

CloeoBend 94 

BoiiaBar 51 

GraTs  Bluff 52 

From  the  river  at  intermediate  points 712 

Total  number  of  snags  removed  in  Red  River 1,380 

Total  number  of  trees  cut  in  Red  River 495 

Wrecks  of  barge  at  Closo  Point  and  of  steamer  Glide  below  Campte, 
being  the  only  two  obstructions  of  that  character  in  the  channel  as  far 
up  as  the  boat  worked  (Merrill's  Beach),  were  also  removed. 

As  Bed  Biver  reached  a  lower  stage  than  was  ever  known  before, 
and  thereby  afforded  facilities  for  a  party  to  work  along  the  bed  of  the 
jstream  and  remove  the  obstructions  by  cutting  and  sawing  operations,  I 
sent  a  party  from  Shreveport  under  charge  of  George  B.  Wilson,  assist- 
ant engineer,  to  work  down  stream  towards  the  Wagner,  This  party 
commenced  work  in  October,  using  a  portion  of  the  plant  belonging  to 
the  old  raft  appropriation,  and  continued  down  the  river  for  upwards  of 
60  miles  to  what  is  known  as  the  narrow  river,  and  to  within  about  10 
miles  of  the  point  reached  by  the  snag-boat. 

The  banks  on  both  sides  of  the  river  for  this  distance  were  cleared  of 
leaning  timber,  and  all  projecting  snags  were  cut  off  or  removed.  The 
water  becoming  too  high  for  effectual  work  with  this  party,  about  the 
middle  of  December  operations  were  suspended  and  the  force  withdrawn. 

During  the  coming  season  it  is  proposed  to  repair  the  snag-boats  and 
place  one  of  them  in  the  river,  and  with  the  new  appropriation  of 
^60,000  to  build  a  light-draught  boat  with  special  reference  to  work  in 
Bed  Biver. 

As  the  work  must  ne<;e8sarily  be  continuous,  new  obstructions  being 
added  each  year,  it  is  intended  to  apply  the  appropriation  asked  for, 
for  the  fiscal  year  ending  June,  1882,  to  the  operations  of  the  snag-boat, 
the  estimated  cost  of  which  for  eight  months'  work,  including  incidental 
expenses  for  repairs,  &c.,  is  $24,(^. 

The  former  appropriations  are  as  follows : 

By  act  approved  June  18,1878 #25,000 

By  act  approved  March  3,  1879 22,500 

By  act  approved  June  14,  1880,  including  cost  of  new  snag-boat 60, 000 

COMMERCIAL  STATISTICS. 

Red  River  is  navigated  mostly  by  the  steamers  belonging  to  the  New  Orleans  and 
Red  River  Transportation  Company. 

The  amount  of  freight  carried  during  the  fiscal  year  ending  June  30,  1880,  is  as  fol- 
lows: 

Bales  of  cotton 129,000 

Sacks  of  cotton-seed  (estimated) i...  170,000 

Head  of  cattle  (estimate) - 19,000 

Sacks  of  oil-cake  (estimated) 24, 000 

Sacks  of  oil-meal  (estimated) 4,000 

Barrels  of  cotton-seed  oU  (estimated) 4,300 
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There  is  also  transported  a  large  qnantity  of  sugar  and  molasses  firom  the  lower 
Red  River  parishes. 

It  is  estimated  that  at  least  75,000  more  bales  of  cotton  would  have  been  brought 
out  of  Red  River  had  there  been  good  navigation  all  the  season. 

During  the  cotton  season  the  company  send  out  from  New  Orleans  six  steamboats 
per  week,  which  carry  on  an  average  1,200  tons  each  trip  of  general  merchandise  to 
the  Red  River  country  and  Texas. 

It  is  estimated  that  this  up-freight  has  been  fullv  a  fourth,  if  not  a  third,  great«r 
this  seasou  than  for  several  seasons  past,  owing  to  the  general  revival  of  business  and 
the  good  prices  realized  for  crops.  The  above  works  are  situated  in  the  third  collection 
district  of  Louisiana.    The  jiort  of  entry  is  New  Orleans. 

Money  statement. 

July  1, 1879,  amount  available $24,401  01 

Amount  appropriated  by  act  api)roved  Juno  14,  IStiO 60,000  00 

$84,401  01 

July  1,  1880,  amount  expended  during  fiscal  year 24, 401  01 

July  1,  1880,  amount  available 60,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.     24, 000  00* 


05 


IMPROVEMENT  OF  UPPER  RED  RIVER  FROM  FULTON  TO  THE  HEAD  OF 

THE  RAFT. 


Tbe  improvement  of  this  section  of  the  river  consists  in  removing  the 
snags,  logs,  and  other  obstructions  from  the  bed  and  banks  of  the  river. 
Work  was  commenced  at  Fulton,  Ark.,  in  September,  1879,  witn  a  work- 
ing force  in  charge  of  B.  P.  Lowe,  jr.,  assistant  engineer,  and  with  a 
portion  of  the  plant  belonging  to  the  old  raft  appropriation. 

The  following  amount  of  work  was  accomplished  during  the  working 
season: 


Month. 


09 


§ 
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September ; 19«    2.0by28 

Oc^tober 872    2  0  by  34 


November 
December . 


142  ;  1. 7  by  38 
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1. 8  by  54 

354    2. 1  by  68 

264 

1. 7  by  as 

79  ;2.0by60 

152 

1. 7  by  50 



2,220 

1. 7  by  55 

753 

1.9by63 

i 
I 


74 
258 

76 


403 


Of  the  2,229  drift-logs  destroyed,  262  of  them  were  taken  from  the 
drift  above  the  bridge  at  Fulton,  along  with  a  large  quantity  of  small 
drift,  making  a  channel  100  feet  wide  diagonally  through  the  dritt,  and 
also  a  channel  75  fef»t  wide  between  the  drift  and  left  bank. 

Directly  in  front  of  the  railroad  bridge  at  Fulton  a  vast  amount  of 
drift  had  accumulated,  so  completely  blocking  up  the  two  draw  passages 
that  it  was  iinjiossible  for  boats  to  pass.  A  passage  100  feet  wide  was 
cut  through  this  drift  pile  so  that  a  boat  could  pass  the  north  draw  pas- 
sage. It  was  not  deemed  necessary  nor  expedient  to  cut  out  the  entire 
mass,  as  when  the  new  bridge  at  Fulton  is  completed  the  old  bridge  and 
the  drift  pile  will  be  removed. 

With  the  balance  of  the  appropriation  of  March  3,  1879,  and  that  of 
June,  14,  1880,  it  is  proposed  to  continue  the  work.    With  this  amount 
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I  consider  that  we  can  remove  all  the  obBtructions  and  place  this  section 
of  the  river  in  a  good  navigable  condition  when  there  is  sufficient  water 
for  the  boats  to  ran. 

The  eBlimated  coet  of  this  improvement  was  $19,560. 

The  appropriations  are  as  follows : 

By  act  approved  March  3,  1879 $10,000 

By  act  approved  June  14,  1880 10,000 

COMMERCIAL  STATISTICS. 

It  is  estimated  that  abont  9,000  bales  of  cotton  are  shipped  annnally  from  this  sec> 
tion  of  the  river,  to  which  shonld  be  added  a  corresponding  amount  of  return  ireight, 
consisting  of  merchandise,  supplies,  farming  iinplemente,  &c. 

For  jwrt  of  entry  and  collection  district,  see  report  for  removing  raft 
in  Red  Hiver  and  closing  Tone's  Bayou,  Louisiana. 

Money  statement 

Jnly  1, 1879,  amount  available $10,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$20, 000  00 

Jnly  1, 1880,  amount  expended  during  fiscal  year 5, 776  34 

July  1,  1880,  amount  available 14,223  66 

^  ■:^^ 


;  •  • 


O  6. 

IMPROVEMENT  OF  THE  OUACHITA  RIVER,  ARKANSAS  AND  LOUISIANA^ 

The  snag-boat  Wagner  was  repaired  in  New  Orleans  and  left  that 
port  on  June  3  for  the  Ouachita  Biver.  The  stage  of  water  above  Monroe 
being  too  low  to  admit  of  operations  being  carried  on  saccessfully,  work 
was  commenced  at  that  point  and  continued  down  stream.  The  princi- 
pal work  was  done  at  Hopewell  Bar,  Esperance  Bend,  Butland  Bar, 
aodBa|on  Louis.  Four  hundred  snags  were  removed  and  47  leaning 
trees  cut  down.  The  lower  part  of  the  river  being  in  a  good  condition 
BO  far  as  snags  were  concerned,  the  Wagner  was  transferred  to  Bed 
Birer  for  a  season's  work. 

Attention  has  heretofore  been  called  to  an  important  improvement 
needed  on  the  Lower  Ouachita,  viz,  the  rebuilding  of  the  dams  at  Cata- 
houla Shoals,  if  this  work  were  executed,  navigation  would  be  insured 
to  Columbia  throughout  the  entire  year. 

For  the  purpose  of  presenting  a  plan  with  estimates  for  the  above  im- 
provement, 1  directed  Mr.  W.  0.  Melviu,  assistant  engineer,  after  the 
completion  of  the  survey  at  Natchez  and  Vidalia,  io  proceed  to  the 
Ouachita  and  make  a  survey  of  Catahoula  Shoals.  His  report  thereou 
will  be  found  annexed. 

The  survey  shows  the  existence  of  three  shoals  at  the  locality  which 
form  the  obstruction  known  as  Catahoula  Shoals ;  and  which  I  have  des- 
ignated respectively  as  shoal  1,  2,  and  3. 

For  the  improvement  of  shoal  No.  1,  the  State  engineers  at  one  time 
constructed  a  dam  so  as  to  contine  the  water  in  a  single  channel  near 
the  right  bank.  This  dam  is  now  partially  destroyed,  and  it  is  proposed 
to  repair  and  rebuild  it,  closing  up  the  above  channel  and  allow  for  a 
passage-way  through  the  middle  of  the  structure.  This  channel- way  ia 
the  one  now  used,  the  river  having  broken  through  the  old  dam  at  that 
poiut,  and  it  seems  to  be  the  uatmul  channel. 
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At  shoal  No.  2,  the  improvement  will  consist  in  removing  some  few 
snags  from  the  channel,  in  protecting  the  left  bank,  and  in  building  a 
dike  so  as  to  concentrate  the  water  in  a  single  channel. 

At  shoal  No.  3,  and  below,  it  is  only  necessary  to  employ  the  snag- 
boat  to  remove  snags  and  sunken  logs,  which  extend  from  the  head  of 
the  shoal  to  a  point  some  1,000  yards  below. 

The  estimated  cost  of  the  improvement  at  shoals  1  and  2  is  $29,934.20. 
The  dikes  will  be  built  of  stone,  sufficient  quantities  of  which  can  be 
procured  at  the  locality. 

During  the  coming  season  it  is  intended  to  employ  the  snag-boat  in 
continuing  the  removal  of  the  obstructions  in  the  river  and  in  carrying 
on  the  above  mentioned  improvement. 

The  appropriation  asked  for  for  the  dscal  year  ending  June  30,  1882, 
will  be  expended  in  continuing  the  work  as  heretofore  with  the  snag- 
boats  and  continuing  the  work  at  Catahoula  Shoals. 

No  detailed  estimates  will  be  presented  for  the  improvement  of  the 
Ouachita  with  the  snag-boat,  since  the  nature  of  the  work  must  be  con- 
tinuous from  year  to  year,  owing  to  the  character  of  the  obstructions 
which  each  flood  brings  down. 

Amount  appropriated  March  3,  1871 $51,000 

Amoant  appropriatedJane  10, 1872 100,000 

Amonut  appropriated  March  3, 1873 60,000 

Amountappropriated  August  14, 1876 12,000 

Amount  appropriated  June  18.  1878 10,000 

Amount  appropriated  March  3,  1879 10, 000 

Amount  appropriated  June  14,  1880 8,000 

The  first  appropriations  were  made  with  a  view  to  the  improvement 
of  the  river  by  means  of  a  system  of  locks  and  dams,  the  estimated  cost 
of  which  was  $  1 ,163,083.75,  and  by  operating  with  a  non -propelling 
crane-boat. 

A  portion  of  the  funds  appropriated  had  been  expended  under  this 
project  for  material,  surveys,  &c.,  when  it  was  abandoned,  and  the  bal- 
ance of  the  funds  was  expended  in  the  purchase  of  an  iron-hull  snag- 
boat  and  in  operating  it  upon  the  river. 

COMMERCIAL  STATISTICS. 

Frcm.  September  1,  1879,  to  June  24, 1880,  the  following  vessels  navigated  the  Ouadhita  Biver, 


Names  of  remels. 

Tonnage. 

■s 

Knmber  of 
hales  of  cot- 
ton carried. 

Fred.  A.  Blanks 

810 
377 
297 
485 
338 
225 

16 

18 

20 

10 

6 

0 

1 

1 

9 

11 

1 

3 

11 

15 

e 

8 

1 
1 
1 

30,S7S 
18,313 
17,417 
13.378 
10,897 
9.426 
834 

JTohn  H.  Hanna 

John  Wilson 

Jo^n  Kownrd    ....     r . . ,  r -,-- 

Corona 

TUTilliftm  TTM^in 

D.St«In 

Saint  John   

609 

Saint  Mary 

LOSS 

Tom  Perkins 

2.238 

Little  Bob  B   

327 

Pig  ^nnflower  , , 

hM 

£raNo.lO  

5,425 

Tensas 

4. 593 

Clara  S •. 

7,491 

Kiltie  P.  "KoTintsR ... 

2.771 

General  Tompkins 

100 

Oen.  D.  H.  Bucker 

L016 

BedCk>ud 

555 

Total 

128,707 
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In  addition  to  this,  there  is  a  laixo  quantity  of  miscellaneouB  down-freight,  consist- 
ingof  sacks  of  cotton-seed,  head  of  cattle,  white-oak  Htaves,  &c. 

The  Talne  of  up-freight,  consisting  of  general  merchandise,  provisions,  &o.,  is  esti^ 
mated  at  about  $4,000,000. 

The  Ouachita  is  in  the  collection  district  of  Arkansas,  there  being  but  one,  and  in 
the  third  collection  district  of  Louisiana. 

Money  statement. 

Joly  1,  lfl79,  amount  available $14,148  14 

Amount  appropriated  by  act  approved  June  14, 1880 8, 000  00 

$22, 148  14 

July  1,  1880,  amount  expended  during  fiscal  year 8, 017  30 

Julyl,  1880,  amount  available $14,130  84 

Amount  (estimated)  required  for  completion  of  existing  project  Catahoula 
Sboals $20,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 
at  Catahoula  Shoals  and  expenses  of  snagboat 35, 000  00 
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Catahoula  Shoals,  November  11,  1879. 

Major:  I  left  Yidalia  on  the  23d  of  October,  1879,  on  the  steamer  Natchez,  with 
fonr  men  and  camp  outfit,  to  make  an  examination  of  the  Catahoula  Shoals  and 
Ticinity,  on  the  Ouachita  River.  At  the  mouth  of  Red  River  I  reshipped  on  the  small 
steamboat  Little  Bob  B.,  and  did  not  reach  the  shoals  until  the  morning  of  the  S^th. 

An  examination  of  the  shoals,  commencing  above  Little  Creek  and  ending  below 
HarrisoDburg,  at  the  gravel  shoal  at  the  mouth  of  Tolefero  Bayou,  discloses  a  number 
of  difiScult  ]>laces  that  will  be  treated  as  they  occur,  commencing  at  the  upper  shoal. 

In  the  bend  of  the  river  above  Big  Creek  is  found  an  extensive  gravel  bar,  with 
UfjB^e  rocks  scattered  over  it  that  appear  to  be  the  remaining  parts  of  a  continuous 
Uyer  through  which  Little  Creek  has  worn  a  channel  to  the  river.  The  south  bank 
of  Little  Creek  and  the  east  bank  of  the  river  is  a  high,  rocky  bluff,  and  the  rocks, 
crnmbling  and  falling  in  the  water*  have  formed  a  strong  stone  revetment,  protecting 
the  hank  for  several  hundred  yards  below  the  mouth  of  Little  Creek.  Near  the  mouth 
of  Little  Creek  the  bluffs  approach  very  close  to  the  water-line ;  the  falling  stones 
often  roll  into  the  bed  of  the  river,  forming  a  rocky  shoal  extending  from  shore  to 
shore.  These  obstructions  cover  about  120  yards  down  from  the  point  of  beginning, 
the  depth  of  water  over  them  being  3  feet  and  more  between  the  rocks.  Nearly  all 
of  theee  rocks  are  under  the  surface  of  the  wal  er,  and  more  dangerous  from  the  un- 
certainty of  their  location. 

From  this  point  to  the  head  of  the  dam  there  is  a  good  depth  of  water,  running 
through  a  clear  channel  to  the  artificial  spur  or  breakwater  protecting  the  head  of  the 
dam. 

On  the  shoal  is  a  channel  50  feet  wide,  averaging  27  inches  deep,  and  very  swift ; 
thence  to  the  foot  of  the  shoal  is  a  varying  depth  of  from  2  to  3  feet.  In  the 
PMiage  through  the  break  in  the  dam  there  is  2  feet  of  water  for  a  width  of  34  feet, 
the  break  itself  being  116  feet,  the  width  of  wat«r  106  feet. 

Through  the  old  channel  around  the  foot  of  the  dam  the  water  depth  varies  from 
2  feet  to  22  inches  in  depth,  the  greatest  depth  being  but  a  few  feet  trom  the  shore. 
Below  the  foot  of  the  dam  the  water  shoals  to  14  inches,  Mpreading  out  fan-like  from 
the  point  of  the  island  to  the  right  bank. 

The  removal  of  some  snags  nearly  opposite  the  foot  of  the  dam  on  the  left  bank, 
some  of  them  now  out  of  water,  others  under  its  surface,  will  make  this  water- route 
Dinch  better  than  one  on  the  right  shore,  it  now  having  a  depth  of  3^  feet  all  the  way 
below  the  head  reef  at  the  break.  On  the  right  shore  the  stioal  water  extends  down 
nearly  half  a  mile ;  on  the  left  it  commences  to  deepen  immediately  below  the  head 
f^ft  and  but  for  the  snags  before  mentioned  would  not  offer  any  obstruction  to  a 
craft  that  could  cross  the  head  reef. 

The  dam  itself,  formed  of  a  zigzag  line  of  loose  stones  extending  from  the  left  shore 
down  until  it  approaches  a  point  141  feet  from  the  right  bank,  is  about  2  feet  above 
the  preeent  water-surface,  with  a  gravel  bar  formed  on  both  sides  of  it  rising  to 
within  a  few  inches  of  the  top.  The  dam  near  its  upper  end,  for  about  250  feet,  seems 
to  have  been  broken  away  in  several  places  and  the  stones  scattered  below  the  original 
lotion ;  between  this  line  and  the  left  shore  is  formed  a  bar  of  gravel  considerably 
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higher  than  the  stoue-work  of  the  dam.  On  this  har  are  acatterin||  piles  of  rook, 
placed  there  by  accident  or  intention,  which  have  formed  a  very  efficient  support  to 
the  main  line  of  breakwater. 

The  spnr-dikf^,  250  feet  above  the  head  of  the  dam,  remains  intact  and  is  now  about 
100  feet  below  the  head  of  the  g^vel  bar  formed  on  the  ontoide  of  the  dam,  and  heie 
the  surface. line  of  water  between  the  right  shore  and  bar  is  reduced  to  a  width  of  76 
•feet  and  a  greatest  depth  of  33  inches,  and  rapid  flow 

From  what  has  been  Raid  and  an  examination  of  the  chart,  sheets  1  and  2,  you  will 
comprehend  the  situation  of  the  upper  shoal.  I  may  here  mention  that  a  line  of  the 
same  kind  of  stone  breakwat-er,  running  from  the  lower  side  of  the  break  and  extend- 
ing to  the  right  or  west  bank  at  a  right  angle  from  the  line  abov#«  it,  will  much  im- 
prove the  psAS  through  the  dam  and  make  a  permanent  low- water  channel  down  the 
left  shore.  In  addition  tp  this  extension  to  the  old  dam,  the  line  should  be  stren^h* 
ened  and  raiHed  about  2  feet,  and  strong  pier-heads  or  revetments  should  be  built  on 
both  Hides  of  the  water-way  thnmgh  the  dam,  extending  below  for  40  feet. 

The  removal  of  sunken  rocks  at  the  mouth  of  Little  Creek,  the  extension  of  the 
dam,  about  350  feet  of  new  line  and  repairs  to  the  old  line  above  the  break,  the  re- 
moval of  15  or  16  sna^s  from  the  channel  at  and  a  short  distance  below  the  foot  of  the 
present  dam  near  east  bank,  will  effect  all  that  can  be  done*to  improve  this  shoal  No. 
1.  It  will  be  noticed  that  all  the  water  passing  down  at  the  present  stage  of  the 
river  passes  through  a  channel-way  76  feet  wide  and  a  greatest  depth  of  33  inches; 
average  depth  of  26  inches,  entire  cross-section  of  15ti  feet. 

The  channel-way  through  the  dam  will  be  50  feet  at  bottom,  71.2  at  the  top; 
section,  321  feet;  velocity  of  current  November  1,  1879,  was  6.2  feet  per  second. 

The  volume  of  water  that  can  be  utilized  with  the  water  at  equal  stage  with  No- 
Tern  ber  1,  1879,  is  from  the  south  chute  (the  original  channel),  discharging  section  of 
which  is  85  feet,  and  a  velocity  5.8  feet  per  second. 

Through  the  break  in  the  dam,  now  the  main  channel,  the  section  is  212  feet,  veloc- 
ity 6.2  per  second;  by  closing  the  south  chute  and  confining  the  water  to  a  single 
channel  with  a  mean  width  60  feet,  allowing  for  increased  velocity  and  other  waMte, 
we  can  depend  on  a  4-foot  depth  of  wat'Or  with  the  same  quantity  of  water  that  wa» 
found  during  the  time  of  the  survey  of  the  shoals  in  November,  1879.  It  is  seldom 
that  the  wat^r  recedes  to  this  low  point.  A  gentleman  who  has  resided  in  this  vicin- 
ity many  years  informs  me  that  the  stream  was  at  its  lowest  point  about  the  26th  of 
October,  that  ''he  had  not  seen  it  so  low  any  time  before  in  his  recollection.''  On  my 
gauge  put  up  on  the  26th  October  it  had  receded  nearly  0.3  on  the  1st  of  November, 
and  this  I  assume  to  be  the  low- water  of  1879. 

The  south  wing  of  dam  No.  1,  extending  from  south  bai^k  at  an  angle  of  60  degrees 
from  shore  line  and  bearing  downstream,  will  be  342  feet  long,  having  a  miean  height 
of  5.3,  mean  width  of  base  25.2,  crown  4  feet,  and  will  require  for  its  construction 
11,007  cubic  yards  of  stone. 

The  north  wing  of  dam,  having  a  length  of  857  feet,  a  mean  height  3.92,  a  mean  base 
of  19.34.  crown  4  feet,  will  require  1,576  cubic  yards  of  stone. 

For  tne  revetment  of  north  bank  between  head  of  dam  and  the  upper  spur-dike,  234 
feet  long,  150  cubic  yards  of  stone  will  be  needed. 

From  the  foot  of  this  shoal.  No.  1,  to  the  head  of  No.  2,  mouth  of  Bayou  Louis,  is  a 
depth  of  water  not  less  than  5  feet,  in  places  reaching  a  depth  of  19  feet. 

From  the  head  of  shoal  No.  2  the  most  of  the  trouble  (romes  from  snags,  many  of 
them  now  expost^l,  but  many  more  of  them  out  of  sight  under  water.  The  pass  at  the 
head  of  the  shnal  is  92  feei  wide,  the  greatest  depth  of  water  through  it  is  27  inches; 
this  depth  continues  for  about  30  feet,  then  deepens  near  the  east  bank  to  3^  and  4 
feet,  and  but  for  the  snags  in  the  channel  wtmld  not  seriously  interfere  with  the  pas- 
sage of  smaU  steamboats,  provided  they  have  sufficient  power  to  8t<;m  the  swift  current 
that  runs  here  for  nearly  1  mile.  Since  I  commenced  examinations  of  the  channel,  I 
find  it  liaA  changed  from  the  beginning  of  the  second  half  mile  below  the  head  of 
shoals,  and  is  cutting  away  the  sand-bars  on  the  west  shore,  and  where  I  then  did 
not  find  water  aufticient  for  the  passage  of  my  large  skiff,  1  now  find  3  feet  of  water;  this 
depth  of  water,  however,  cannot  bo  relied  on,  for  every  hard  rain  will  fill  it  up  again 
by  washings  from  shore.  The  channel  on  the  east  shore  will  maintain  itself,  and  a 
snag-boat  would  help  it  very  much  if  used  during  low-water,  for  with  5  feet  more 
water  in  the  river  it  could  not  be  successfully  used,  as  many  of  the  logs  will  then  be 
covered  with  mud  and  sand. 

If  a  ]»roject  for  lock  dams  be  entertained,  this  shoal  i»  the  only  place  where  any  good 
effect  can  l>e  found  in  their  use,  and  I  think  the  result  of  constructing  works  of  that 
kind  is  of  doubtful  utility;  the  many  objections  to  placing  works  of  that  kind  in  posi- 
tions where  they  must  be  altogether  under  water  8  mouths  out  of  the  12  of  every  year 
must  be  evident  enough. 

A  system  of  spur  dikes-projecting  from  the  west  bank  at  an  angle  of  60  degrees  from 
the  shore  line  and  extendin;;  to  within  100  feet  of  the  east  bank,  forcing  the  wat-er 
through  it,  would  be  economical  and  easy  of  construction.    The  material  (stone)  for  the 
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vork  can  be  proonred  from  the  cliffs  on  Sicily  Islands,  at  the  upper  shoal,  about  I^ 
miles  above  the  place  where  they  are  used. 

A  dam  below  the  mouth  of  Bayou  Louis  will  require  in  the  construction  of  both 
vitigs  1,SI77  cubic  yards  of  stone ;  the  dam  will  consist  of  a  south  wing  extending  from 
fionth  shore  line,  and  bearing  75  degrees  from  it  down  the  stream,  and  a  revetting 
wall  and  a  confining  wall  215  feet  in  length. 

About  (he  lower  shoal,  No.  3,  below  the  mouth  of  Talefero  Bayou,  not  much  need 
be  said.  There  is  no  trouble  at  the  shoals,  but  immediately  below  them  trouble  is 
foand  with  sunken  snags.  These  extend  down  about  1,000  yards,  the  channel  much 
clogged  and  very  crooked.  A  snag-boat  is  the  only  thing  that  can  do  much  good 
here.  A  ledge  of  rocks  commencing  120  feet  from  the  east  bank,  running  down  to- 
wards the  month  of  Talefero  Bayou,  seems  to  have  been  constructed  with  a  view  of 
forriog  the  channel  along  the  west  shore,  without  success,  for  a  clear  deep  channel 
niDsdown  the  east  shore  and  a  gravel-bar  closes  the  mputh  of  the  bayou. 

I  will  close  operations  here  in  two  or  three  days. 

River  has  commenced  rising.  Last  night  and  to-day  it  has  risen  5  inches  above  the 
lowest  water  of  the  season.    There  is  now  2^  feet  on  the  bar  at  the  head  of  No.  2. 

KSTIBCATB8. 

The  cost  of  quarrying  and  delivering  the  first  1,000  cubic  yards  of  stone  at  a 
point  convenient  for  loading  in  barges  : 

885 days' labor,  at  $1.25  per  day #1,031  25 

tiii5  days' subsistence,  at  45  cents  per  day ;<71  25 

:iU  wbeelbaiTows,  at  |4.50  each 90  00 

50  crowbars  and  picks  1 12  50 

Timber,  bolts,  nails,  labor,  &c.,  for  chutes 300  00 

Shovels 45  00 

1.950  00 
Cost  of  loading  in  barges  and  putting  in  position  in  the  dam,  assuming 
16  cubic  feet  to  be  the  average  day's  work  for  one  man  : 
Wages  and  subsistence,  $1.70  per  day 2, 868  75 

Cost  for  first  1,000  cubic  yards 4,818  75 

Amount  of  cubic  yards  in  No.  1^  2,833 : 
To  place  2,833  cubic  yards  in  position,  at  $4.82  per  cubic  yard 13, 655  06 

Amount  of  cubic  yards  in  No.  2,  1,977 : 
To  place  1,977  cubic  yards  in  position,  at  $4  82  per  cubic  yard 9, 529  14 

Total  coat  of  stone  in  place 2:J,184  20 

To  which  must  be  addi^d  the  cost  of  barges,  superintendence,  transportation,  and 
othfr  expenses  incidental  to  a  work  of  this  kind. 
Five  barges  witl  a  capacity  for  carrying  20  cubic  yards  of  stone  each,  with 

suitable  tackle  and  other  apparel,  at  $450  each $2, 250  00 

For  other  items  as  named  above 4,500  00 

ToUl 6,750  00 

RECAPITULATION. 

CnstofstonelaidinDaraNo.  1 413,655  06 

CtistofHtouelaidin  Dam  No.  2 9,529  14 

Coat  of  barges 2,2f)0  00 

Cost  ofother  items  as  above 4,500  00 

TotalforNos.  1  and  2 29,934  20 

Tbfre  are  in  addition  to  the  dam  work  100  or  more  snags  lying  in  the  channel 
bet  ween  the  upper  shoal  and  Bushley  Bayou,  one-half  mile  below  the  town  of  Uarrison- 
bnrg. 

Above  the  shoals,  at  the  mouth  of  Little  Creek,  are  a  number  of  rocks  that  have 
fallen  from  the  cliff  and  rolled  into  the  channel.  A  snag-boat  could  easily  remove 
them. 

Very  respectfully, 

W.  C.   MSLYIlf, 

A89i$tant  EngimMT, 
Kig.  W.  H.  H.  Bkntaurd, 

C9rp9  of  EnffkuorBf  U.  8.  A. 
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07. 

IMPROVEMENT  OF  YAZOO  RIVER,  MI8SISSIPPL 

Upon  the  completion  of  the  snagboat  John  B.  Meigs,  she  was  sent 
into  the  Yazoo  for  a  short  season's  work  for  the  purpose  of  removing 
snags,  logs,  and  other  obstructions  to  the  stream. 

The  wrecks  of  the  steamers  Star  of  the  West  and  Mary  E.  Keene 
were  first  removed,  and  work  then  commenced  on  the  snags,  logs,  &c., 
and  continued  until  January  18, 1880,  when  the  water  became  too  high 
to  prosecute  the  work  favorably.  A  rack  heap  at  the  mouth  of  Tchida 
Lake  was  also  pulled  out,  and  a  number  of  leaning  trees  cut  down,  mak- 
ing a  total  of  2,723  cuts  made. 

With  the  appropriation  of  June  14, 1880,  it  is  proposed  to  continue 
operations  this  coming  season  in  removing  snags  and  other  obstruc- 
tions ;  for  that  purpose  one  of  the  light-draught  snagboats  will  be  put 
in  the  river. 

The  appropriation  asked  for,  for  the  year  ending  June  30, 1882,  will 
be  expended  in  the  same  way. 

BSTIMATE. 

Eight  months'  expenses  of  snagboat,  inchiding  incidental  repairs,  at  |2,500 
per  month -• $20, 000 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3, 1873 |40,000 

(This  amount  was  applied  to  the  removal  of  eleven  wrecks  sunk  in  the 
stream  during  the  operations  of  the  war.) 

By  act  approved  March  3, 1875 12,000 

By  act  approved  August  14,  1876 15,000 

By  act  approved  June  18,  1878 25,000 

By  act  approved  March  3,  1879 15,000 

By  act  approved  June  14,  1880 12,000 

COMMERCIAL  STATISTICS. 

The  Tazoo  and  its  tributaries  are  navigated  by  the  steamers  belonging  to  the  Missis- 
sippi and  Yazoo  River  Packet  Company,  and  by  a  few  independent  steamers,  and  the 
amount  of  freight  transported  during  the  last  nscal  year  is  as  follows:  95,135  bales  of 
cotton,  12ri,000  sacks  of  cotton-seed,  to  which  should  be  added  a  corresponding  amount 
in  value  of  return  freight,  consisting  of  plantation  supplies  and  general  merchandise. 

Yazoo  River  is  in  the  collection  district  of  Vicksburg,  Miss.  The  port  of  entry  is 
New  Orleans,  La. 

Money  statement. 

July  1,. 1879,  amount  available $22,369  66 

Amount  appropriated  by  act  approved  June  14,  1880 , 12, 000  00 

$34,359  66 

July  1,  18S0,  amount  expended  dnrinlg  fiscal  year 22,359  G6 

July  1,  1880,  amount  available 12,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    20, 000  00 
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O  8. 

IMPBOVEMENT  OF  WHITE  AND  SAINT  FRANCIS  RIVERS,  ARKANSAS. 

The  SDagboat  John  B.  Meigs,  intended  for  these  and  other  rivers^ 
was  finished  in  October,  1879,  and  left  Saint  Loais  on  the  2l8t  of  the 
same  month.  She  waa  first  jiut  into  the  Yazoo  for  a  short  season's  work. 
In  January  she  was  withdrawn  from  the  Tazoo  and  put  into  the  White 
River.  '  It  being  late  in  the  season  the  river  was  above  its  average 
Btage,  and  consequently  the  work  of  removing  obstructions  was  at- 
tended with  more  difficulties  and  uncertainties  than  if  the  water  had 
been  at  a  lower  stage. 

The  Meigs  work^  up  as  high  as  Jacksonport,  which  is  considered 
the  head  of  navigation  for  large  boat«,  removing  such  obstructions  as 
were  in  the  way. 

For  work  on  the  Saint  Francis  I  chartered  the  steamer  General  Miles 
and  barge,  had  the  same  fitted  up,  and  commenced  operations  l^ovem- 
ber  27,  and  continued  until  January  30, 1880.  Work  was  started  at 
Madison,  and  continued  up  as  high  as  the  mouth  of  Little  Biver,  with 
the  following  results :  • 

Trees  cat  down 1,151 

Snaes  removed 130 

Rock  heaps  destroyed 11 

Trees  lying  along  the  shore  cnt  up 50 

During  the  coming  season  it  is  proposed  to  continue  operations  in 
the  White  and  Saint  Francis  with  the  snagboats,  removing  the  obstruc- 
tions, the  running  expenses  of  which  for  ten  months,  including  inciden- 
tal repairs,  &c.,  is  estimated  at  $20,000. 

With  the  appropriation  asked  for  for  the  fiscal  year  ending  June  30, 
1S82,  it  is  proposed  to  continue  the  work  of  removing  obstructions  from 
the  river  with  the  snagboats. 

The  former  appropriations  are  as  follows : 

Allotted  from  appropriation  for  contingencies  of  rivers  and  harbors  (act  ap- 
proved July  11,  1878),  for  the  improvement  of  White  River $10, 000 

Act  approvea  March  3,  1671,  for  the  improvement  of  Saint  Francis  River,  in 

Arkansas 10,000 

Act  approved  March  3,  ltf73,  for  the  improvement  of  White  and  Saint  Francis 

rivers 50,000 

Act  approved  June  18,  1878 40,000 

Act  approved  March  3,  1«79 12,000 

Act  approved  June  14,  188U 12,000 

COMMBRCIAL  STATISTICS. 

The  cotton  annually  brought  to  market  at  amounts  to  about  35,000  bales,  besides  a 
corresponding  amount  of  return  freight. 

For  collection  district  and  port  of  entry,  see  report  for  improving  har- 
bor and  Mississippi  Biver  at  Memphis,  Tenn. 

Money  statement 

J^ly  1, 1879,  amount  available $14,011  12 

Amoont  appropriated  by  act  approved  June  14,  1880 12, 000  00 

|26,  Oil  12 

Joly  1, 1880,  amount  expended  during  fiscal  year 14,011  12 

J«ly  1, 1880,  amount  available 12,000  00 

Amoimt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    20, 000  00 
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IMPROVEMENT  OP   WHITE  RIVER,  BETWEEN  JAOKSONPORT  AND  BTTP- 

FALO  SHOALS,  ARKANSAS. 

This  improvemeDt  was  inaugurated  at  Buffalo  Shoals  by  Major  Suter. 
The  plan  conteuiplated  at  this  point,  the  construction  of  seven  spur 
dikes  of  stone,  so  located  as  to  pond  up  the  water  in  the  places  of  least 
depth.  At  the  commencement  of  last  season's  work,  three  of  these  pro- 
posed dikes  had  been  completed,  and  the  project  for  the  expenditure  of 
the  appropriation  of  $10,000,  made  March  3, 1879,  contemplated  the 
construction  ot  the  remaining  four. 

The  work  at  Buffalo  Shoals  wa^  commenced  early  in  September  and 
finished  November  14.  The  exceedingly  low  stage  of  water  in  White 
Biver  enabled  the  operations  to  be  carried  on  much  more  ecomonically 
than  had  been  anticipated,  and  therefore,  having  a  balance  of  the  ap- 
propriation left,  projects  were  submitted  to  the  department,  and  ap- 
proved, to  continue  the  work  at  the  shoal  places  below.  Accordingly 
the  force  was  moved  d9wn  to  Nellie's  Apron  Shoals,  2  miles  below, 
where  a  large  and  dangerous  ledge  of  rocks  was  blasted  out.  The  force 
was  then  transported  to  the  rapids,  20  miles  below.  Two  wing  dams 
were  built  at  this  locality  so  as  to  concentrate  the  water  in  a  single  chan- 
nel. Heavy  rains  and  high  water  coining  on,  prevented  any  further 
operations  for  the  remainder  of  the  season. 

There  are  other  shoals  between  Buffalo  and  the  rapids  that  require 
improving,  but  the  above  work  was  undertaken  at  the  request  of  the 
steamboat  men  as  being  the  worst  place  in  that  stretch  of  the  river. 
They  express  themselves  pleased  with  the  work,  as  affording  them  nmch 
greater  facilities  for  reaching  Buffalo  City.  The  intermediate  shoal 
places  did  not  present  sufficient  obstacles  to  call  for  any  considerable 
amount  of  work. 

A  list  of  the  shoal  places  between  Buffalo  City  and  Batesville,  with 
estimates  for  the  improvement  of  the  same,  was  presented  by  Major 
Sutei-  in  his  rept)rt  for  187G,  as  found  in  Part  I  of  the  Report  of  the  Chief 
of  Engineers  tor  that  year,  page  025.  If  the  improvement  be  carried 
out  it  will  greatly  facilitate  the  transportation  of  the  productions  of  tbe 
Upper  White  River  country. 

With  the  ai)propriatioQ  of  $5,000,  made  by  act  approved  June  U, 
1880,  and  with  the  balance  of  the  old  ajipropriation,  it  is  pro[)«>8ed  to  con- 
tinue the  improvement  by  building  dikes  at  Samm's  Shoal  and  Fish 
Trap  Shoal  below. 

With  the  appropriation  required  for  the  fiscal  year  ending  June  30, 
1882,  it  is  intended  to  continue  the  improvement  of  the  worst  of  the 
shoal  places  mentioned  in  the  abov^e-nained  report  of  Major  Suter. 

For  details  of  the  work  executed  this  season,  I  beg  leave  to  refer  to 
the  report  of  Mr.  J.  D.  McKown,  assistant  engineer,  who  hiul  lociU 
charge  of  the  work. 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3,  1879 $10,000 

By  act  approved  June  14, 1880 5,000 

COMMERCIAL  STATISTICS. 

In  Marion  County,  Arkansas,  there  was  raised  about  4,000  bales  of  cotton,  two- 
thirds  of  which  was  shipped  by  wagon  to  Springtield,  Mo.,  he  remainder  by  river. 
Nearly  all  the  merchandise  used  in  tiiis  county  was  taken  there  by  wagon  from  the 
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nulroad,  a  distance  of  aboat  100  miles.  Nearly  all  if  not  the  whole  of  this  trade  would 
be  done  by  river  if  it  were  navigable. 

There  are  also  about  5,000  bales  of  cotton  that  would  be  shipped  by  river  from 
Boone  and  Searcy  counties,  Arkansas,  and  Taney  and  Ozark  counties  Mo.,  besides  a 
^orpins  of  wheat,  bacon,  and  com  that  would  find  its  way  out  by  river  ftY>m  these 
upper  counties  if  Justified  in  doinff  so. 

in  Baxter  County,  Arkansas,  about  3,000  bales  of  cotton  were  raised,  one-half  o£ 
which  was  shipped  by  wagon  to  the/railroad  at  Marshfield,  Mo. 

There  was  about  4(M)  tons  of  merchandise  brought  into  the  county  during  the  season,, 
nearly  all  of  which  was  by  wa^n  from  the  railroad.  If  \Vhite  River  were  navigable, 
all  of  this  trade  would  be  by  nver. 

There  was  carried  by  river  from  Bates ville.  Ark.,  to  Newport,  Ark.,  during  the  sea- 
wn  of  1879-*80,  15,000  bales  of  cotton,  of  which  about  2,000  bales  were  from  Bnflfalo 
Shoals  and  above,  and  4,000  bales  firom  between  Buffalo  Shoals  and  Batesville.  The 
remaining  9,000  bales  were  transported  to  Batesville,  by  wagon,  from  the  counties 
bordering  on  and  near  the  river. 

For  port  of  entry  and  collection  district,  see  report  for  improving  har- 
bor and  Mississippi  Biver  at  Memphis,  Tenn. 

Money  statement 

July  1,1879,  amount  available |10,000  00 

Amoant  appropriated  by  act  approved  Jnne  14,  ld80 5, 000  00 

$15, 000  00 

Jaly  1, 1880,  amount  expended  during  fiscal  year 7, 786  71 


Jnly  1, 1880,  amount  available 7,213  29 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882, 
also  White  Birer  between  Jacksonport  and  Buffalo  shoals 20, 000  00 


REPORT  OF  MR.  J.  D.  M'KOWX,  ASSISTANT  ENGIXEER. 

United  States  Engineer  Office, 

MemphiBf  Teitn.,  March  20,  1880. 

Major  :  I  have  the  honor* to  make  the  following  report  of  work  done  on  White  River 
above  Jacksonport,  Ark.,  during  the  past  season : 

Parraant  to  instructions  received  from  you  September  1, 1879, 1  proceeded  to  Buffalo 
Shoals  in  order  to  continue  the  work  commenced  there  in  1878. 

1  foand  the  condition  of  the  river  very  low.  said  to  be  the  lowest  water  ever  known. 
The  old  work  was  found  to  be  in  perfect  conaition,  having  stood  the  test  of  successive 
niM«  in  the  river  safely.  The  new  work  was  commenced  soon  after  my  arrival,  by 
Iniilding  an  extension  of  dam  No.  2,  which  was  carried  out  120  feet  beyond  the  end  of 
the  old  dam,  the  object  being  to  back  the  water  up  still  more  on  the  shallow  ledge 
above,  which  was  the  worst  place  on  the  shoals.  Tne  work  was  commenced  on  Sep- 
temb^  19, 1879,  and  completed  on  October  9.  The  contents  were  200  cubic  yards  of 
rock.  The  crest  of  the  ledge  was  also  taken  off  by  blasting.  The  result  is  that  now 
boats  can  pass  in  safety  when  they  can  run  in  the  upper  river  at  all. 

The  next  work  was  on  dam  No.  5,  which  was  commenced  on  October  6  and  com- 
pleted on  October  22.  This  dam  was  180  feet  in  length  and  contained  368  cubic  yards 
of  rock.  The  object  was  to  close  a  chute  on  the  right  bank  through  which  about 
hslf  the  water  of  the  river  flowed.  Almost  opposite,  a  chute  was  closed  the  year 
before,  so  that  at  present  all  the  water  is  thrown  together  in  the  middle  channel. 
Another  benefit  oi  tliese  dams,  and  one  that  was  contemplated,  is  to  hold  back  the 
water  on  the  shoal  above.  Naturally  the  velocity  of  the  current  is  increased  between 
the  islands,  and  at  some  stages  of  water  the  boats  of  light  nower  have  to  pull  through 
with  a  line.  But  as  the  loss  of  time  is  comparatively  small,  and  the  benefit  derived 
hr  being  able  to  pass  down  with  a  good  load  so  great,  that  steamboatmen  are  well 
pleaaed  with  the  change. 

Dam  No.  7,  running  Trom  the  left  bank,  was  commenced  on  October  13  and  finished 
on  November  14.  A  small  force  only  was  at  work  there.  Its  length  is  105  feet,  and 
contents  131  cubic  yards.  Work  on  the  dam  running  from  the  right  bank  and  nearl  v 
opposite  was  commenced  on  October  23  and  competed  on  November  13,  its  length 
b<^uig  201  feet  and  contents  364  cubic  yards  of  rocK.  The  original  plan  of  this  dam 
WAS  to  bnild  it  out  300  feet  from  the  right  bank,  but  it  was  thought  advisable,  with 
yoar  approval,  to  change  it  as  above,  in  order  to  give  pilots  a  better  chance  to  handle 

83  £ 
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t<beir  boats  in  the  swift  water  met  with  there.    It  was  also  more  economical,  and  held 
the  water  back  as  well  if  not  better  than  on  the  old  plan. 

The  crest  at  the  head  of  the  slioal  was  blasted  oi^  also  aome  rock  between  the  crest 
and  the  dams.  One  large  rock  was  blasted  out  at  Buffalo  City  which  had  made  the 
river  impassable  at  a  low-boating  stage. 

At  Nellie's  Apron  Shoals,  2  miles  below  Buffalo  Shoals,  a  very  dangerous  ledge  was 
taken  out,  to  the  great  relief  of  navigation. 

On  the  2l8t  of  November  we  moved  down  to  the  Bapida,  20  miles  below  Buffalo 
Shoals.  During  the  early  part  of  the  work  there  the  progreas  made  wmi  very  rapid, 
but  afterwards  the  rain  and  high-water  retarded  it  very  much. 

Two  dams  were  constructed,  one  from  the  right  baok  to  the  ba^  its  lengtih  bfdn|; 
230  foot,  and  oontaimng  I7i^  cable  yards  of  rook ;  The  other  from  the  bar  to  the  head 
qi  the  island,  5^  feet  in  lenji^h,  and  eontaiming  910  oubio  varda  of  raek.  AU  the 
w^ter  is  thrown  in  the  main  ohaiikal,  so  that  boats  ean  paaa  wbeofiver  aUa  to  nsaeh  it 

These  damsi  like  those  at  Buffalo,  acia  built  of  loek  ai^d  oa  loeik  fbuadatioii,  with  a 
width  on  top  of  4  feet,  and  slope  on  upper  side  one  to  ^n^i  mx  tba  lower  Md«,  two  to 
one. 

The  inprwement  of  WMito  lUver  is  of  tlie  gi«atcs<}  isipcvftaiice  to  the  people  in  the 
country  bordering  on  the  river,  wbieh  is  ahnosA  wholly  dwpendeot  oa  waiac  tranip<n^ 
tation.  The  nearest  railroads  are  the  Iron  Mountain  and  Southern^  on  the  south,  and 
the  Saint  Louis  and  San  FranciscOi  on  the  northi  leaving  a  strip  or  country  230  miles 
wide  by  the  nearest  wagon  road  between  them. 

Cotton  is  the  staple  product  of  the  country,  and  it  ia  only  withia  a  few*  yemn  past 
that  it  has  been  extensively  raised  in  the  upper  oonaitry,  but  is  oontinually  growing 
ia  favor.  No  doubt  if  greater  facilities  of  transportation  were  afforded  an  increased 
acreage  would  be  cultivated. 

I  would  suggest  as  a  means  of  working  the  river  the  construction  of  two  flat-boats 
that  could  be  fastened  together,  leaving  a  space  between  them,  and  having  a  shescs 
with  a  leg  resting  on  each  boat.  Then  with  capstans  for  power,  either  rock  or  snaes 
could  be  raised  out  between  them.  When  constructing  dams  these  boats  oonld  essUy 
be  taken  apart  and  used  fur  the  transportation  of  material  to  be  used  in  the  dam. 
Such  an  arrangement  would  be  of  light  draught  and  economical,  costing,  probably,  not 
more  than  |1,50U  complete. 

The  value  of  the  improvements  already  made  might  be  enhanced  by  improving  two 
shoals  above  Buffalo,  viz,  Crooked  Creek  and  Redbud  Shoals.  Both  are  of  rock  forma- 
tion and  would  require  blasting.  An  examination  would  be  necessary  for  an  esti- 
mate, but  it  would  not  be  a  large  one,  probably  not  to  exceed  |2,000  for  both  places. 
This  would  give  an  outlet  to  the  country  above  Mountain  Home  and  Yell vi lie.  At 
present  boats  do  not  often  go  abi^ve  Buffalo  when  it  is  possible,  as  they  could  not  pass 
the  Crooked  Creek  Shoal  5  miles  above. 

However  it  is  probably  of  more  impoilance  to  continue  the  improvemuent  from  the 
ra|>id8  down  the  stream,  as  there  are  many  shoals,  both  of  rock  and  gravel  furmaXioD, 
which  could  be  improved  so  as  to  allow  boato  to  paas  up  the  river  at  a  much  lower 
stage  oi  water  thaoi  ia  possible  with  the  stream  in  its  present  condiiikMiu 

I  hssve  the  honor  tto  inclose  herewith-  mapa  of  Bu^lp  Shpals)  NeUie'a  Ayrou  SJboals* 
and  of  th^  Rapidsi,  showing  the  imjproveinenta  mwie  ay  ifh  the  pr«sf»nt.tiai0.. 
Very  n^fipaoit^uU^^  ^ur  ol^edmt  QeKvawtii 

j;.  p.  McRowK, 


O  10. 

IMPBOVEM^T  OP  WHITE  EtVEE  AB0VE  BUiTALO  SHOAIA  ABKAOTAB. 

An  exatniiiatioii  of  thi«  potftiwi  of  White'  Biviev  ^mft  inade  in  1*871  and 
1872,  by  Mr.  Alonzo  Livermore,  assistant  emgitteer,  and  under  cHiecriow 
of  Lieutenant-Colonel  Baynolds.  Tiie  report  thereon  wilt  be  fonnd  in 
the  reports  of  tfae  Ohief  of  Enipueecs  for  those  years. 
The  totail  estimated  cost  of  the  impvoTenient  wba  til01,22a 
Work  on  White  Klver  has  been  earned  on  draring  the  past  two  years 
at  Buffalo  Sboals  and  below,  and  in  order  to  make  the  work  in  tlie  two 
seetioAs  oentiniious  it  is  proposed  to  impcove  the  shoal  pla^ses*  iDimed^ 
aMj  ekbore  Boftalo. 
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Before  commencing  operations,  however,  it  is  proposed  to  make  an 
examination  of  this  immediate  locality,  eind  determine  more  definitely 
the  nature  of  the  obstructions  and  the  best  means  to  improve  the  same. 

For  commercial  statistics  see  report  for  improving  White  River,  Ar- 
kansas. 

For  collection  district  and  port  of  entry,  see  report  for  improving  har- 
bor and  Mississippi  Biver  at  Memphis,  Tenn. 

Money  statement. 

Amonnt  appropriated  by  act  approved  Jane  14, 1880 $30, 000  00 

July  1, 1880,  amoant available 20,000  00 


O  iz« 

IMPROVEMENT   OF  SAINT  FRANCIS  EFVEE  BETWEEN  WITTSBURG  AND 

LESTER  LANPIN'O. 

This  work  is  but  a  continuation  of  that  heretofore  carried  on  upon  the 
Saint  Francis,  find  will  consist  of  the  removal  of  the  obstnictions  to 
navigation  in  the  shape  of  snags,  logs,  leaning  timber,  &c.  For  this 
purpose  one  of  the  light-draught  boats  will  be  used. 

In  the  act  making  the  appropriation,  Wittsburg  was  put  down  Wilkes- 
hurg.  As  there  is  no  such  place  on  the  river  1  have  inserted  the  proper 
name. 

For  commercial  statistics,  see  report  for  improving  White  and  Saint 
Francis  rivers,  Arkansas. 

For  port  of  entry  and  collection  district,  see  report  for  improving 
barber  and  Mississippi  Eiver  at  Memphis,  Tenn. 

Money  statement 

Am»nnt  impropriated  by  act  approved  Jnne  14,  1880 $5,000^00 

JiUyl,  IWO,  amomnt  available 5,000  00 


O  ia« 

IMPROVEMENT  OF  L'ANGUILLE  RIVER,  ABKANBAS. 

Thercf  being  so  many  demands  for  the  sna^boat  and  the  dredgeboat 
I  had  intended  putting  into  the  I/Anguille  and  adjoining  streams^ 
combined  with  the  appearance  of  the  yellow  fever  in  this  section  of  the 
conntry,  that  I  was  unable  to  carry  out  the  project  last  season  for  the 
improvement  of  the  I/Anguille,  and  I  therefore  reserved  the  appropria- 
tion for  work  during  the  coming  season,  which  will  be  carried  out. 

The  two  appropriations  combined  will,  I  believe,  be  sufficient  to  plaoe 
the  stream  in  good  navigable  condition  for  several  years,  and  therefore 
no  further  appropriation  is  asked. 

The  appropriations  have  been  as  follows  : 

By  act  approved  Jane  18,  ld78^  expended  in  building  snag-boat $10, 000  O^* 

By  act  approved  March  3, 1879 5,000  Q% 

By  aet  approved  Jane  14,  1880 2,000  00 

COMMSBOIAX*  STiiTISTICB. 

There  is.  brongbt  out  of  the  L'Angnille  about  2,500  bales  of  cotton  annually,  antf 
irhen  the  improvement  of  the  river  is  completed  a  lafise-qnantily  that  is  now  shipped 
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by  railroad,  and  also  hanled  to  the  Saint  Prancis,  will  be  brought  oat  by  the  ateam- 
boata. 

Money  statement 

July  1,  1879,  amount  available $5,084  17 

Amount  appropriated  by  act  approved  June  14,  1880 2,000  00 

$7,084  17 
July  1,  1880,  amount  expended  during  fiscal  year 80  15 

July  1,  1880,  amouiy;  available 7,004  02 


O  13. 

IMPROVEMENT  OF  BIG  SUNFLOWER  RIVER,  MISSISSIPPI. 

It  was  iotended  at  first  to  put  one  of  the  light-draught  snagboats  into 
this  river  for  a  season's  work,  but  as  the  boats  were  employed  on  the 
other  streams,  and  as  it  was  desirable  that  some  work  should  be  done 
on  the  Sunflower  at  an  early  day,  so  as  to  facilitate  the  early  movement 
of  the  crops,  authority  was  granted  to  charter  a  light-draught  steam- 
boat, fully  equipped,  and  operate  with  her  in  removing  snags,  logs,  and 
other  obstructions.  Accordingly  the  Deer  Creek  was  hired,  and  opera- 
tions commenced  with  her  on  September  11, 1879,  and  continued  until 
the  end  of  November. 

Surveys  were  also  made  of  Oliphant's  Bar  and  Mussel  Shoals  with  a 
view  to  the  improvement  of  these  two  places  by  a  system  of  brush 
wing  dams.  These  places  are  the  only  ones  along  the  river  where  any 
construction  of  such  a  nature  need  be  attempted.  As  the  water  was  at 
a  very  favorable  stage  for  operations  at  the  time  the  survey  was  finished, 
work  upon  the  wing-dams  was  immediately  commenced. 

The  effectiveness  of  the  improvement  of  Oliphant's  Bar  may  be  judged 
from  the  fact  that  where  formerly  but  18  inches  of  water  could  be  found 
on  the  shoals,  there  is  now  something  like  3  feet.    The  boats  now  navi 
gating  the  Sunflower  can  go  through  without  interruption,  when  for- 
merly, during  the  low  stage  of  water,  they  were  detained  several  days. 

During  the  coming  season  it  is  proposed  to  continue  the  removal  of 
snags,  &c.,  and  the  improvement  of  Mussel  Shoals.  The  latter  will  be 
by  a  series  of  brush  wingdamR  like  at  Oliphant's  Bar,  but  in  addition, 
as  the  bottom  is  composed  of  a  layer  or  crust  of  hard  material,  means 
will  be  employed  to  break  up  the  bottom  so  as  to  allow  the  increased 
current  to  carry  the  material  off. 

The  appropriation  asked  for  for  1882  will  be  expended  in  the  same 
way. 

Previous  to  the  operations  on  the  river  by  the  government,  the  Vicks- 
burg  and  Sunflower  Packet  Company  employed  a  force  in  improving  the 
river  by  removing  snags  and  cutting  down  the  leaning  timber.  The 
Deer  Creek  commenced  work  at  the  point  left  off  by  the  Packet  Com- 
pany. James  M.  Searles,  assistant  engineer,  had  charge  of  the  work  of 
improvement  and  surveys,  and  the  following  extracts  from  his  reports 
will  give  the  nature  and  extent  of  the  operations : 

September  14. — ^We  are  now  working  at  the  head  of  Mnssel  Shoals,  43  miles  from  the 
month  of  the  river. 

Seplemher  21. — Up  to  this  date  200  logs  and  snags,  the  worst  obstmctions,  have  been 
removed,  and  the  most  of  them  placed  in  snch  positions  as  to  form  effectual  wing- 
dams.  The  result  of  these  removals  has  been  an  increased  current  velocity,  and  a 
rapid  washing  away  of  sandy  accuniulatioDs.    At  shoal-water  places,  where  tne  logs 
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wiihiQ  the  bed  of  the  river  were  insaffioient  in  nmnber  for  the  baildingof  wing-damSy 
pecau  trees  were  felled  from  the  bank  and  dragged  into  the  stream.  This  timber  is 
fontid  in  great  abundance  immediately  along  the  oanks  of  the  river,  and  as  it  has  the 
favorable  characteristics  of  heavy  specific  gravity  and  umbrageons  growth,  it  is  admi- 
rably snitable  for  wing-dam  purposes.  We  are  now  at  the  head  of  Dewberry  Island,  ' 
aboat  50  miles  above  the  mouth  of  the  ri  ver.  From  this  point  up,  about  25  or  30  miles, 
navigation  is  comparatively  easy,  there  being  but  few  logs  or  sna^  in  the  way ;  from 
thence  throughout  the  upper  reach  of  the  river  the  worst  obstructions  are  to  be  found. 

September  &, — ^I  have  mentioned,  in  previous  reports,  the  making  of  wing-dams 
with  trees  felled  from  the  bank.  These,  I  have  observed,  are  quite  efiScti ve  in  increas- 
ing the  depth  of  water  where  the  bed  of  the  river  is  of  soft  materian>r  light  sand.  Such 
construction  is  of  an  open  character,  admitting  the  passage  through  it  of  too  much 
water,  and  would  be  of  no  utility  in  hiud-bottom  places.  I  would,  therefore,  respect- 
folly  suggest  that  I  be  supplied  with  sawed  cypress  lumber  (d-inch  square  piling 
and  2-inch  plank)  to  be  used  at  places  where  close  wing-dams  may  be  required.  The 
piling  need  not  be  longer  than  8  or  10  feet.  It  would  also  be  necessary  to  employ  a 
rake,  after  constructing  the  close  wing-dams,  that  the  hard  bottom  might  be  broken 
up,  and  thereby  augment  the  current  action  on  the  bed  of  the  stream. 

November  5. — ^The  construction  of  the  wing-dams  is  rapidly  and  favorably  progress- 
ing, one  already  completed  and  another  begun.  The  finished  one  measures  132  &et  in 
leiu;th.  It  was  built  with  16  4  by  4  inch  pues,  driven  from  8  to  10  feet  in  sand  and  blue 
mad  with  a  100-pound  hammer.  The  sheeting  is  of  2-inch  plank,  driven  to  on  average 
depth  of  about  6  feet.  The  steamer  Deer  Creek,  drawing  2^  feet  lArge,  passed  up  and 
down  by  the  dam,  floating  down  and  passing  up  without  pulling.  The  original  chan- 
nel-depth was  about  18  inches.  Should  the  dam  resist  heavy  scouring  (and  I  do  not 
doabt  that  it  will,  as  the  sheeting  extends  from  4  to  5  feet  below  the  bed  of  the  sand), 
it  may  be  that  new  bars  will  form  at  some  points  in  the  channel-way  below.  Shoold 
this  occur  they  can  be  removed  by  similar  means. 

ywember  21. — ^The  work  at  01iphant*s  Bar  was  completed  on  last  Wednesday,  by  the 
bnilding  of  10  wing-dams.    There  is  now  an  average  channel-depth  of  3  feet. 

The  steamers  Deer  Greek  and  Little  P  passed  from  the  foot  to  the  head  of  the  bar 
without  putting  out  a  line.  I  am  now  at  work  at  Mussel  Shoals.  The  river  is  still 
ver>'  low,  and  I  hope  to  deepen  the  water  on  the  worst  places  for  navieable  purposes 
before  the  coming  of  a  river  rise.  As  yet  there  has  boen  no  appreciable  rise  in  the 
river  either  at  this  place  or  at  Oliphant's. 

The  survey  of  Olipnant's  Bar  and  Mussel  Shoals  being  completed,  I  have  discharged 
the  party  on  their  return  to  Vicksburg. 

If  it  be  your  intention  to  have  a  complete  survey  of  the  river  made,  I  would  sug- 
gest that  you  order  a  continuance  of  the  present  survey,  inasmuch  as  the  water  is  now 
very  low,  and  will  probably  remain  so  for  six  weeks  or  two  months,  at  least  sufficiently 
80  to  permit  of  easy  triangulation  near  the  river  surface.  I  think  it  would  be  well  to 
have  a  survey  of  what  is  known  as  the  Crooked  River,  a  stretch  of  about  23  miles, 
coQuecting  Oliphant's  Bar  and  Mussel  Shoals.  This  work  could  be  done  now  very 
coureniently. 

Deeember  1. — ^In  fulfillment  of  your  instructions,  the  work  of  the  steamer  was  discon- 
tinaed  on  the  evening  of  the  27th,  and  her  captain  ordered  to  return  her  forthwith  to 
Captain  Parisot  or  his  agent  at  Vicksbui^. 

In  reference  to  the  construction  of  the  lumber  wing-dams,  the  shallowness  of  wator- 
depth  at  Oliphant's  Bar  and  Mussel  Shoals  Indicated  these  two  places  as  the  very 
voTBt  obstructions  to  the  navigation  of  the  river,  and  as  the  commerce  of  the  country 
vid  the  extreme  necessities  of  the  planting  communitv  called  for  immediate  relief,  I 
thought  that  it  could  be  most  speedily  and  economically  given  by  devoting  the  time 
of  the  low-water  season  to  the  improvement  of  the  bar  and  shoals  by  close  lumber 
wing-dams. 

No  more  time  was  expended  in  their  construction  than  was  absolutely  necessary  to 
ftceomplish  an  effective  result.  No  work  of  this  character  could  be  done  at  these  places, 
▼hich,  serving  a  temporary  purpose,  would  not  produce  a  radical  and  permanent  im- 
pTovemeut  of  the  channel;  and  this  is  obvious  mm  the  fact  that  every  wing-dam  has 
ueen  strengthened  by  a  heavy  accumulation  of  sand  and  other  material  on  the  down- 
stream side. 

Deeember  30. — ^In  submitting  this  as  a  final  report  on  the  survey  and  improvement 
operations  which  have  been  recently  conducted  on  the  Sunflower  River,  I  can  only 
»id  to  the  several  reports  which  I  addressed  you  from  time  to  time  during  the  prog- 
nw  of  the  work  an  earnest  recommendation  that  it  be  continued  during  the  next  low- 
^ater  season.  This  recommendation  is  suggested  bjr  a  consideration  of  the  absolute 
improvement  which  hxis  been  effected  in  the  navigation  of  the  stream  by  the  removal 
of  logs  and  snags  (the  number  beln^  640  from  the  date  of  commencement  under  your 
orders)  and  the  building  of  the  wmg-dams,  the  positions  of  which  are  shown  on  the 
map. 

The  bed  of  the  river  in  the  Oliphant^s  Bar  reach  is  of  a  soft  siliceous  character,  and 
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IB  readily  cnt  out  by  the  erection  of  a  win^-dam  of  the  simplest  constraction.  Those 
made  of  sawed  lumber  consisted  of  4  by  4  inch  piling,  driven  to  depths  vaijing  from 
6  to  15  feet  with  a  hundred-pound  hammer,  at  distances  apart  of  8,  10,  and  12  feet.  The 
tops  of  the  pile  pieces  were  connected  together  by  a  side  stringer  of  2  by  IJS  inch  plank, 
secured  by  60-penny  nails. 

The  sheeting  waa  placed  vertically,  being  leveled  on  the  top  edge  to  insure  close 
contact,  and  cuiven  with  hand  mauls  to  depths  of  from  3  to  6  feet  below  the  bed.  The 
tops  of  the  sheeting  were  nailed  to  the  string  pieces.  The  effectiveness  of  the  work 
was  demonstrated  by  the  Sunflower  packet-boats  passing  over  the  bar,  throughout  its 
entire  length,  without  a  single  detention  and  at  a  time  when  there  was  no  rise  in  the 
river. 

Before  the  construction  of  these  works,  steamers  were  detained  on  the  bar  for  three 
or  four  days.  Though  the  dams  are  built  of  light  material,  they  must  nece^arily 
aerve  a  permanent  purpose,  as  they  now  have  a  sustaining  wall  on  the  lower  side, 
formed  by  the  natural  aecumulationa  of  earthy  material.  The  work  of  wing-damming 
Mussel  Shoals,  which  was  but  begun  at  the  time  of  discontinuance  of  work,  should  be 
carried  on  at  another  favorable  low-water  season.  Three  lumber  dams  were  con- 
strucled  in  this  shoal,  but  proved  ineffective  in  cutting  out  the  hard  bed.  Ab  was 
•uggested  in  a  former  repoit,  this  work  ahould  be  supplemented  by  a  raking  process 
that  would  out  into  the  bed  crust,  and  thus  facilitate  tbe  removing  power  of  tlie  wing- 
dams.  The  navigation  of  what  is  known  as  the  Crooked  River,  a  distance  of  IB  miles 
between  Silver  Creek  and  Choctaw  Landing,  can  be  much  improved  by  the  removal 
of  the  lo^  wbich,  during  a  low-water  stage,  so  seriously  obstruct  it. 

There  is  so  manifest  an  appreciation  on  the  part  of  the  rivermen  and  planters  along 
the  Sunflower  River  of  the  good  you  have  done  them  within  the  limited  time  of  your 
operations,  and  on  my  own  of  the  means  with  which  you  have  at  all  times  so  promptly 
furnished  me  for  the  carrying  out  of  your  instructions^  that  I  must,  in  their  aud  my 
own  behalf,  give  it  in  this  communication  most  grateful  expression. 

COMMERCIAL  STATISTICS. 

During  the  seaBon  the  steamer  Sunflower,  belonging  to  the  Parisot  Line,  made  reg- 
ular trips  in  this  river,  and  occasional  trips  were  made  by  other  boatB. 

The  following  ia  the  amount  of  cotton,  &c.,  brought  to  Vioksburg  by  these  boats: 
15,817  bales  of  cotton ;  25,000  sacks  cotton-seed.  To  this  should  be  added  a  correspond- 
ing amount  in  value  of  return  freight,  consisting  of  plantation  supplies  and  merchan- 
dise of  all  kinds. 

The  uncertainty  of  navigation  in  this  stream  compels  a  number  of  planters  on  the 
upper  river  to  haul  their  cotton  to  the  Mississippi,  which  otherwise  would  go  dowD 
this  river,  and  it  is  estimated  that  the  shipments  will  be  twice  the  amount  of  the  pres- 
ent movemeutB  w)ien  the  improvement  ot  the  navigation  is  completed. 

The  estimated  cost  of  the  improvement  of  this  river  was  |66,0C0. 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3, 1879 |W,000  00 

By  act  approved  June  14, 1880 8,000  00 

For  port  of  entry  and  collection  district,  see  report  for  improvlDg 
Yaaxx)  Biver,  Mississippi. 

Money  statement^ 

July  1,  1879,  amount  available $80,000  00 

Amount  appropriated  bj  act  approved  June  14,  l680 •••      8, 000  00 

f28, 000  00 

July  1, 1880,  amount  expended  during  fiscal  year 9,611  68 

July  1,  1880,  amount  available 1 18. 3^  32 

Amount  (estimated)  requLred  for  completion  of  existing  project 38,00000 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    10. 000  00 
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O   14. 

IMPROVEMENT  OF  TALLAHATCHEE  RIVER,  MISSD.SIPPI. 

The  United  States  steamer  Thomas  B.  Florence  was  sent  to  the  Tal- 
lahatchee  Biver  in  September  with  a  working  force  for  the  parpose*of 
removing  the  obetructioDS  to  navigatioB.  These  consisted  principally 
of  logs  and  leaning  timber. 

The  banks  were  cleared  to  within  abont  20  miles  of  Shark^'s,  which  is 
regarded  as  the  head  of  navigation. 

The  work  seems  to  have  giV^  general  satisfaction  to  the  steamboat 
interest,  and  greatly  facilitates  the  shipmeat  of  the  products  of  the 
owmtiy.    The  work  executed  is  as  "follows : 

Nombtrof  trees  cut  down. :.... »...  19,444 

Xomberof  trees  girdled 5,037 

The  report  of  Capt.  John  J.  Barry,  in  charge  of  the  woric,  is  appended. 

At  the  time  the  first  examinatiou  of  the  T^ahatohee  and  Cold  Water 
riven  was  made  the  water  whs  quite  high.  To  obtain  moire  informatioii 
upon  the  river,  and  also  upon  the  necessity  of  continuing  the  improve- 
ment, I  sent  Mr.  Joseph  Barney,  assistant  engineer,  to  re-examine  the 
River.  He  started  in  at  the  headwaters  of  the  Gold  water,  and  continued 
down  through  the  Tallahat€he«.  His  report  wi41  foe  found  appended  to 
that  on  the  Ooldwater. 

Daring  the  coming  season  it  is  proposed  to  operate  as  before  in  re- 
moving the  obstructions  from  the  river.  A  for<;e  will  work  between 
Bates^le  (on  the  Upper  Tallahatcbee)  and  the  mouth  of  the  CoMwater, 
and  another  from  this  latter  point  to  the  junction  with  the  Yazoo. 

The  estimated  cost  of  the  improvement  of  this  river  was  $40,000. 

The  former  appropriations  are  as  follows : 

67  act  approved  March  3,  1879 $6,000  00 

By  act  approved  June  14,  1880 9,000  00 

For  ooUectiou  district  and  port  of  entry,  see  repwt  for  improving 
Yazoo  Biver,  Mississippi. 

COMMESGIAL  STAtlSIVOS. 

The  Tallahatchee  is  a  stream  of  considerable  imi>ortanoe,  the  principal  production 
•long  its  shores  being  cotton,  of  which  great  quantities  are  produced,  and  which  has 
DO  oUieT  outlet  to  a  market  but  throi^h  the  Tallahatchee  to  tne  Yazoo,  and  from  there 
to  VicluAmrg,  where  It  is  reshipped  to  New  Orleans  and  other  ports. 

Then  are  quite  a  number  of  prosperous  little  towns  scattend  along  its  banks,  all 
being  of  more  or  less  importance  as  shipping  points,  and  having  some  of  the  finest 
fiotton-pioduciag  lands  in  the  State  of  Mississippi  to  support  them. 

There  is  a  line  of  steamens  that  do  a  yearly^  ousineas  in  the  Tallahatchee,  going  as 
br  as  Sharkey's  Landing,  and  the  probabilities  are  that  they  would  make  occasional 
ttipa  into  the  Coldwater  if  the  river  above  Sharkey's  was  in  good  navigable  condition. 
As  it  i^  the  planters  along  the  banks  of  the  Coldwater  and  Upper  TaUahatchee  have 
to  bral  their  cotton  a  long  distance  before  they  can  ship  to  any  outside  market,  and 
^ve  to  do  the  same  when  receiving  any  return  freight. 

Ths  ceuntry  as  a. general  thing,  mun  the  momth  of  the  Tallahatchee  to  Sharkey's 
I^andiog,  is  well  settled  by  white  and  black,  and  there  is  also  considerable  waste  land 
that  would  probably  become  settled  if  there  were  good  river  transportation  fir  the 
prodnoe  af  tne  countiy. 

Money  gttUemenU 

^«lyl,  1879,  wnomtt  ffvadfable |6,«00  00 

AnMwmt  appropriated  by  act  aijroreved  June  14,  liSSO 9,000  00 

115,000  00 

Ivly  1, 1880,  amount  expended  during  fiscal  year 4,177  00 

JTilyl,  1860,  amount  available 10,823  00 
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Amonnt  (estimated)  reqaired  for  completion  of  existing  project $25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .     10, 000  00 


rrport  ov  capt.  john  j.  barry. 

Unitxd  States  Stkamkr  T.  B.  Florknce, 

Tailakatchee  River, 

Major:  The  steamer  T.  B.  Florence  arrived  in  Tallahatchee  River  on  the  morning 
of  September  18,  with  everything  pertaining  to  the  boat  in  good  order,  and  work  waa 
commenced  immediately.  ^ 

We  found  the  river  in  rather  an  nnnavigable  condition,  on  account  of  obstmctions 
in  the  way,  consisting  of  leaning  timber,  the  timber  leaning  from  both  banks.  The 
river  being  only  of  moderate  width  at  an  ordinary  sta^  of  wat'Cr,  that  with  its  short 
points  makes  the  leaning  timber  more  of  an  obstruction  to  navigation  than  in  other 
rivers  where  there  is  more  space  from  bank  to  bank.  The  stage  of  water  was  some- 
what high  but  declining  fast. 

The  amount  of  work  done  from  September  16  to  30  was  1,955  cuts  made  and  275  trees 
sirdled.  A  great  many  cuts  are  made  of  which  there  is  no  record  kept,  the  timber 
being  too  small  to  allow  of  their  being  classed  as  cuts,  bnt  nevertheless  they  require 
both  time  and  troable  and  are  almost  as  necessary  to  open  sncceesfnl  navigation  ae 
others  that  are  laiKer.  For  instance,  if  the  limbs  are  not  out  from  a  large  tree  after  it 
is  cut  down,  it  woiud  meet  with  other  obstructions  in  the  river,  and  iu  any  small  river 
whei-e  there  is  much  cutting  to  be  done  it  would  eventnally  form  itself  into  a  raft, 
whereas  when  the  limbs  are  cut  it  will  float  out  more  successfully. 

The  work  of  cutting  timber  progressed  from  day  to  day  until  Uie  20th  of  October, 
when  we  had  reached  a  point  30  miles  up  the  river,  making  the  portion  we  had  gone 
over  safe  for  steamers  to  navigate,  as  far  as  the  danger  from  leaning  timber  was  con- 
cerned. 

At  this  point  the  stage  of  water  was  extremely  low,  while  the  banks  on  both  sides 
were,  if  anvthing,  in  a  worse  condition  than  the  portion  of  the  Hver  we  had  passed 
over,  there  being  almost  a  continual  growth  of  leaning  timber  that  required  cutting, 
as  iu  some  places  it  was  nearly  impossible  for  steamboats  to  navigate  with  safetv. 

From  October  20  to  November  1  we  cut  a  distance  of  10  miles,  making  a  total  of  40 
miles  which  had  been  cut  from  the  month,  or,  in  other  words,  from  the  Yaxoo  River. 
From  this  point  up  the  banks  were  in  much  better  condition,  the  leaning  timber  not 
inteiTupting  navigation  enough  to  do  it  any  serious  iiyury.  The  river  was  very  low 
and  8till  declining. 

On  November  10  we  moved  up  to  within  40  miles  of  Sharkey's  Landing,  that  being 
considered  the  head  of  navigation  on  the  Tallahatchee  River,  and  about  50  miles  from 
the  mouth  of  Coldwater. 

Below  Sharkey's  for  some  distance  we  cut  only  the  wOrst  portions  of  the  river  as  the 
season  was  growing  late  and  our  object  being  to  accomplish  as  much  general  good  as 
possible  iu  the  time  allotted. 

After  working  in  this  part  of  the  river  for  about  ten  days,  we  started  for  the  Cold- 
water,  a  distance  of  70  miles  from  where  we  were  then  working,  at  which  place  we 
arrived  November  22. 

Our  trip  through  the  Talli(hatchee  from  Sharkey's  Lauding  to  Coldwater  was  throngb 
a  stretch  of  very  bwl  river. 

For  30  miles  above  Sharkey's  Landing  it  is  almost  impossible  for  steamboats  to  navi- 
gate, the  leaning  timber  nearly  meeting  each  other  as  it  leans  over  from  both  banlU} 
and  at  any  stage  of  water  it  is  next  to  impossible  for  boats  of  any  dimensions  to  ffet 
throuffh  into  the  Coldwater.  The  other  portion  of  the  Tallahatchee  above,  and  tnis 
side  of  the  mouth  of  the  Coldwater,  is  in  much  better  condition,  being  wider  and  more 
free  from  obstmctions  of  any  description. 

There  is  also  a  portion  of  the  river  below  Sharkey's  Landing,  about  16  miles,  which 
was  left  uncut  for  want  of  time,  and  which  would  be  of  considerable  benefit  to  the 
river  interest  were  it  cut.  It  comprises  in  the  way  of  obstructions  principally  leaning 
timber. 

On  the  24th  of  December  we  started  on  our  way  out  of  both  Coldwater  and  the  Tal- 
lahatchee, the  water  being  at  such  a  stage  that  it  would  have  been  useless  to  continue 
cutting  timber,  as  the  banks  were  overflowed  to  such  an  extent  that  the  trees  would 
have  had  to  bo  cnt  so  high  the  stumps  left  would  become  serious  obstmctions  during 
low-water. 

On  our  way  down  the  river  nothing  of  special  interest  occurred,  and  we  arrived  at 
Yicksburg  December  26  in  good  condition.  We  laid  over  there  one  day  to  take  on 
coal  and  attend  to  other  matters  pertaining  to  the  Florence,  and  left  for  Red  River 
Lauding  on  the  following  day,  where  the  steamer  was  turned  over  to  Captain  Lydon 
HM  (lirectod. 


APPENDIX   O.  1321 

The  total  amount  of  work  done  by  the  steamer  Florence  is  aa  follows: 

Cuts.  Trees  girdled. 

September 1,955  276 

October 7,819  3,664 

Noyember 7,062  2,078 

December 3,608  20 

Total 19,444  5,937 

Very  respectfully,  your  obedient  servant, 

John  J.  Barrt. 
M%j.  W.  H.  H.  Bkkyaurd, 

CorpB  of  Engineers,  U.  S.  A, 


O  IS. 

^IMPROVEl^ENT  OF  COLDWATER  RIVER,  MISSISSIPPI. 

The  steamer  Florence  left  the  TaUahatchee  in  November  and  pro. 
oeeded  into  the  Goldwater  for  a  short  season's  work,  cutting  down  lean 
ing  timber  along  the  banks.    The  amount  of  work  performed  amounts 
to  2,125  trees  cut  and  652  trees  girdled. 

Dnring  the  coming  season  it  is  proposed  to  operate  tn  the  lower  stretch 
of  river  to  the  same  intent  as  above.  This  section  of  the  river  I  deem  it 
only  necessary  to  improve. 

The  nature  of  the  (3old water  is  such  that  unless  a  great  deal  of  work 
be  done  upon  the  river,  which  of  course  will  cost  considerable  money, 
boats  cannot  navigate  it  with  safety.  The  commerce  of  the  country  I 
do  not  think  warrants,  at  the  present  time,  any  considerable  expenditure. 

The  former  appropriations  are  as  follows : 

Bj  act  approved  March  3, 1879 |7,000 

By  act  approved  June  14,  1880 4,000 

COMMERCIAL  STATISTICS. 

The  amount  of  cotton  raised  in  the  section  of  country  above  Helen  is  about  1^200 
bales  per  annum,  which  is  now  sent  by  wagons  to  Jonestown,  a  distance  of  16  miles, 
and  costing  $3.50  per  bale  to  send  it  to  New  Orleans.  If  there  were  good  navigation  in 
this  part  of  the  Coldwat^r,  cotton  could  be  sent  to  New  Orleans  for  |2.50  per  bale. 
There  is  plenty  of  good  land  in  this  section,  though  the  country  is  but  thinly  settled, 
ss  all  means  of  transportation  is  so  difficult. 

For  port  of  entry  and  collection  district,  see  report  for  improving  Yazoo 
Biver,  Mississippi. 

Money  statement 

Jnlyl,  1879,  amount  available t7,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 4, 000  00 

$11,000  00 

*^q1j  1,  1880,  amount  expended  during  fiscal  year , 2,218  05 

Jnly  1,1880,  amount  available 8,781  95 


REPORT  OP  CAPT.  JOHN  J.  BARRY. 


United  States  Steamer  T.  B.  Florence, 

Coldwaitr  River. 

Major:  The  steamer  Florence  entered  the  Goldwater  November  22,  and  for  the  first 
15  miles  from  its  mouth  we  found  the  river  narrow  and  crooked,  with  a  great  manv 
saort  bends.  -  There  were  but  few  snags  in  this  stretch  of  the  river  and  not  enough 
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to  do  any  aeiions  damftge  when  the  chttonel  ie  trarcled,  tlie  leanine  timlier  being  cnt 
out  by  us  ae  we  weut  up.  The  next  10  miles  of  the  river  we  found  in  rather  a  good 
condition ,  being  wide  and  straight  with  scarcely  any  obstructions,  and  notie  that 
might  be  coiusidered  very  dangerous  to  navigation.  This  brings  us  to  Beten,  the 
head  of  navicatioin  on  the  Coldwater.  No  boate  go  higher  up  than  this  point,  there 
being  no  settleraesits  for  the  next  40  or  50  miles,  and  consequently  no  busin«iM.  The 
Florence,  however,  proceeded  about  15  miles  above  Belen.  After  leaving  Belen,  for 
the  jlrst  5  miles,  we  had  no  trouble,  as  the  river  was  about  8  feet  above  low- water  mark. 
After  we  had  gone  the  first  5  miles  the  water  began  to  decline,  aad  we  foued  a  great 
mai^  anags  and  aliimps  of  trees  that  had  been  cnt,  perhaps  by  the  gunboat  fleet  that 
came  through  the  Yazoo  Pass.  As  they  came  through  in  very  liigh  water  they  cut 
these  trees  high  up,  as  there  was  plenty  of  water  in  this  river  when  tlie  Yaeoo  Pass 
was  open,  and  now  these  stumps  in  some  places  are  3  or  4  feet  out  of  water,  and  a 
great  many  of  them  in  the  center  of  the  channel.  It  takes  fully  a  10-foot  rise  to  let 
a  boat  go  over  them  with  anything  like  safety;  the  river  was  more  or  lees  this  way 
for  about  2  miles,  and  then  we  found  a  very  good  stretch  of  river  for  about  3  miles, 
with  very  few  snags.  The  next  5  miles  was  not  so  good,  the  banks  being  llne<l  ou 
both  sides  with  a  great  deal  of  leaning  timber,  which  we  proceeded  to  cnt  down. 

Although  we  cut  down  all  the  leaning  timber  in  the  15  miles  above  Belem  still  it  is 
not  safe  for  boats  to  go  much  higher  up  than  that  place,  even  with  8  feet  of  water,  as 
some  of  the  stumps  spoken  of  are  just  under  the  water,  and  as  there  is  but  little  or  no 
eimeDfe  in  this  tiver,  there  is  no  break  on  the  t&^  of  the  water  t«  imlioaite  thefar  loaation 
and  yon  eauiot  And  them  onleas  tlte  w«ter  ie  low  enotifli  for  than  to  be  aoen,  or  to  do 
as  we  did,  take  a  skiff  and  hunt  for  them. 

Sometimes  we  would  find  four  or  five  of  these  stumps  in  a  line  across  the  river  with 
scarcely  room  enough  to  go  between,  for  when  the  boat  is  swung  so  as  to  go  hc*tween 
them  there  is  danger  of  knocking  a  hole  in  the  stem  an  she  srwings  towonds  the  bank. 
The  low- water  mark  is  about  SO  or  iU  inches,  but  these  stumiw  beisg  in  tlie  way,  Uh 
gether  with  the  leaning  trees  that  naturally  drop  into  the  river,  many  of  which  are 
not  even  covered,  navigation  above  Belen  is  so  obstructed  that  even  a  5  or  6  foot  rise 
ie  of  no  use  to  steamboats  in  the  present  condition  of  the  river.  The  channel  is  about 
25  feeit  wide  during  t<he  low- water  season,  which  continues  throvghout  all  the  «imiiKr 
months,  sublet,  however,  to  a  rise  after  a  heavy  rain  of  two  days,  wbea  UkA  river  will 
riae  5  or  6  inches  or  perhaps  a  foot,  but  goes  down  again  as  quickly  as  it  rose.  At  the 
time  the  Florence  enterea  the  Cojd water  we  had  about  8  feet  of  water,  but  in  five 
days  it  had  fallen  almost  4  feet,  so  that  we  had  to  lay  up  at  the  bank  and  send  the 
men  up  the  river  in  skiffs  and  wait  for  another  rise,  which  oecuned  in  a  few  dayik 
Since  the  Yazoo  Pass  was  closed  no  boate  have  attempted  to  go  higher  up  than  Beleu, 
and  only  one  or  two  small  boats  have  gone  that  far  in  the  last  two  years,  they  coming 
late  in  the  season. 

The  amount  of  work  done  by  the  steamer  Florence  during  a  portion  of  the  months 
of  November  and  December  is  as  follows : 

Total  numl)er  of  euts  made,  2,125;  total  number  of  trees  girdled,  652. 
Very  respectfully, 

John  J.  Babry. 

MaJ.  W.  H.  II.  Benyaurd, 

Corps  of  Engineers,  U.  S.  A, 


EXAMINATION  OF  COLDWATER  AND  TALLAHATCHEE  RIVERS.— REPORT  OP  MR.  JOSKPH 

BURNBY. 

United  States  Engineer  OPFicfE, 

IfemphiSf  Tstm,,  June  19, 18S0. 

Major:  In  accordance  with  your  Instructions,  I  have  made  an  examination  of  Cold- 
water  and  Tallahatohee  rivers,  running  through  the  counties  of  De  Soto,  Tunica, 
Coahoma,  Tallahatchee,  and  Le  Flore,  in  the  State  of  Mississippi,  and  xeapeotfall}' 
submit  the  following  report : 

I  commenced  the  examination  of  Coldwater  about  30  miles  below  Memphis,  Tenn., 
proceeding  down  the  river  in  a  skiff  pulled  by  two  skifiinen.  For  the  firat  60  miles,  to 
Prattsville,  the  river  was  at  a  low  stage,  narrow  and  crooked,  and  we  met  a  great 
number  of  Jams  extending  across  the  river,  over  which  we  bad  to  drag  our  skiff.  Near 
Prattsville  we  encountered  a  solid  Jam  about  one-fourth  of  a  mile  long,  and  on  walking 
down  the  bank  of  the  river  for  about  5  miles,  I  found  several  similar  jama,  resembling 
those  on  Red  River  above  Shroveport  before  their  removal.  On  making  inquiries  I  was 
informed  the  Jams  extended  for  a  considerable  distance  down  the  river,  and  that  they 
had  been  in  for  a  number  of  years.  In  order  to  get  below  them  I  had  the  skilFhau)^ 
by  wagon  to  Hudson's  Perry,  a  distance  of  17  miles  by  land  and.  about  50  miles  by 
water.    From  Hudson^s  Perry  upwards  I  fornid  the  river  entirely  unsuitable  for  navi- 
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eable  pnrpoeee.  Below  the  ferry  ^e  river  widened  out  inix)  a  good  navigable  river 
toT  25  miles,  when  it  became  again  narrow  and  crooked  for  about  5  miles.  We  found 
throe  riiffht  jams,  below  which  we  readily  passed.  Below  this  point  the  river  was 
about  half-bauk  full,  and  to  the  mouth  we  found  a  good  navigable  stage  of  water. 

In  passing  down  tne  river  I  only  saw  one  small  town  on  the  banks,  located  about  25 
miles  above  the  month  of  the  river,  named  Belen,  it  contains  4  stores  ifcnd  about  50 
inkabitants.  The  navigable  portion  of  Coldwaiter  mns  throogh  a  4^uiily  settled  conn- 
try,  a  larjB^e  portion  of  the  land  being  covered  with  heavy  cane  and  timber.  Very 
little  business  is  done  on  the  river,  although  the  lower  part  is  navigable  for  about  six 
months  in  the  year.  I  was  informed  there  had  been  no  steamboats  on  it  for  many 
years,  with  the  exception  of  the  United  States  steamer  Florence,  which  went  up  the 
river  40  miles  last  year  improving  the  channel.  The  only  water  craft  vmd  at  present 
on  the  river  consists  of  ferry  boats  to  cross  the  stream  at  various  points,  one  flat-boat 
to  cany  ataves,  and  at  Belen  they  had  one  large  skiff  having  a  water-wheel  worked 
by  band,  capable «f  earring^  bales  of  ootton,  and  two  larre  dagonits  fastened  together 
and  capable  of  eanying  five  bales  of  cottoo.  What  little  bBsiness  is  done  on  the  west 
bank  goes  to  the  Mississippi  River  and  on  the  east  bank  to  the  Missisaippi  and  Ten- 
Mstee  Railroad. 

Tatlakalchee  River  is  formed  by  a  junction  of  Coldwater  and  Litde  TaiUalMftehee 
riven,  in  Coahoma  Oonnty,  and  runs  to  itsmouth,  a  distance  of  about 910  miles,  whero 
it  empties  into  the  Yazoo  River. 

From  tiie  month  of  Coldwater  to  Sharkey's  Landing  on  the  Tallahstcfaee,  a  distance 
#f  100  miles,  the  river  runs  tfarongh  a  wild  and  'Ihinlv-eeAtled  conislPf  . 

From  Bharfeey's  Landing  to  themonth,  a  distance  of  11/0  miles,  tiie  nver  mMthToneh 
a  well  settled  and  very  rich  oonvrtry,  being  one  of  the  finest  eotton  districts  in  the 
SoQthem  States.  During  the  cotton  season  two  steamboats  ruai  from  Vioksburg  to 
Sharkey's  Landing  every  week,  bat  during  the  siunraer  season  this  ia  ledneed  to  one 
steamboat  per  week. 

For  six  months  in  the  year  the  whole  of  tbe  Biff  Tatiahotehee  River,  and  for  100 
miles  up  the  Coldwater,  is  navigable  without  any  mrther  improvement. 

From  inqirixles  made  from  planters  living  near  the  river,  a«d  from  steamboat  men 
ntaniog  on  the  Tallahatdiee  and  Yazoo  rivers,  I  am  informed  it  would  be  no  benefit 
to  improve  the  upper  part  of  Tallahatehee  aibove  Sharkey's,  nor  any  portion  ci  Cold- 
water  Riv«r,  ibr  tne  bnsineas  is  «o  small  and  so  readily  accessible  to  the  Mississippi 
Kiver  on  the  w«st,and  to  the  Mississippi  and  Tennessee  Railroad  on  the  east,  that  the 
bminess  offered  on  "^e  river  woold  not  be  suffioient  to  pay  a  single  steamboat  to  run, 
comeqnently,  if  no  steamboat  would  run  on  that  part  of  the  two  rivars  any  improve- 
amtuiade  woold  be  useless. 

During  the  last  Ml,  the  United  States  steamer  Fiovenee  did  a  large  amennt  of  work 
<K  Coldwater  and  Tallahat^^iee  riven,  in  cutting  and  removing  ovenuingiitg  trees  and 
deadening  timber  on  the  banka;  the  work  done  oelow  Shark^s  has  given  aatisfhction 
to  the  steamboat  men,  but  the  work  done  above  that  point  they  state  is  of  no  benetftt 
to  them ;  they  request  me  to  respectfnlly  recommend  to  yom  that  any  fntnie  work  done 
«D  the  Tallahatchee  River  ehould  be  done  b^ow  Sharkey's  Landing,  and  that  it  con- 
Mt  of  the  removal  of  snags  from  the  ehasnel  by  a  light-dranght  snagboat,  in  the  low- 
water  season. 

I  have  the  honor  to  reonain,  very  rsspeotMly, 

JOSBPH  BURNKY. 
j.  W.  H.  H.  BSNTAURD, 

Cmfp»  of  EngUvBerBy  U.  S.  A, 


O  r6. 

IMPROVEMENT  OF  FOURCHE  LA  PfiVE  RIVER.  ARKANSAS. 

Instead  of  buildiDg  a  flat-boat  amd  pladng  upon  it  the  neoeeaary 
iBAohinery  for  palliDg  snags  and  removing  roclos,  as  originally  contera- 
idated  in  the  pr<^ect  for  tbe  improvement  of  this  stFeam,  a  oomplete 
OQtflt^oonsisting  of  3  barges,  was  hired ;  one  with  stpeam  power ;  one  for 
™  woridng  party  «nga^Bd  in  clearing  timber  from  the  banks  j  a;ttd  a 
wird  as  quarters  for  the  men. 

^e  party  was  organised  and  left  DajrdaaeUe,  Ai^.,  Angnst  28,  and 
arrived  at  tbe  month  of  tbe  Fourcbe  la  Ffeve  tbe  following  day,  and  im- 
jnediately  commenced  work.  Edward  H.  Flood  had  charge  of  the  opera- 
tions in  the  river. 
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The  following  is  a  statement  of  the  amount  of  work  done: 

Total  nninber  of  trees  cut 6,687 

Total  number  of  snags  remoyed 890 

In  addition  to  the  above,  aboat  25,000  trees  on  both  banks  of  the 
river  were  deadened,  and  a  number  of  rocks  were  removed  firom  the 
shoals  at  Kirk^s,  Tnmer  Bock,  Bed  Ferry,  Indian  Grave,  Piney  Pointy 
and  Mrs.  May's. 

Extracts  from  Captain  Flood's  report  showing  the  condition  of  the 
river  and  amount  of  work  done  are  appended. 

The  bar  at  the  month  has  a  depth  of  from  S|  to  3  feet  of  water  when  the  river  is  at  | 
its  lowest  stage,  and  in  the  flmt  5  miles  there  is  an  average  depth  of  12  feet  in  the 
channel,  and  a  width  of  from  125  to  150  feet.    When  at  its  highest  stage  the  river  is 
over  l^OO  feet  in  the  clear.    The  banks  are  very  bluff. 

In  noticing  this  river,  I  find  that  when  the  Arkansas  River  is  above  the  level  of  the 
Fonrohe  there  is  back  water  for  about  3  miles,  and  all  the  drift  remains  perfeetlr 
stiU,  and  it  is  only  when  there  is  a  heavy  rise  that  there  is  any  sort  of  a  current,  and 
this  is  the  reason  there  are  so  many  snags  in  it. 

After  taking  ont  aU  the  snags  in  the  first  5  miles,  I  had  to  remove  a  shoal  called 
King's  Shoal  about  5|  miles  above  the  mouth.  It  was  composed  of  small  loose  rocks, 
which  were  very  easy  to  remove.  Nearly  all  the  trees  cut  were  large  ash  and  svos- 
more,  many  of  them  were  leaning,  and  were  a  great  deal  of  trouble,  having  to  let  them 
fall  on  the  boats  and  then  carry  them  ashore. 

The  snajg^  were  principally  large  sycamores,  which  were  held  by  their  roots  and  had 
to  be  cut  in  small  pieces  and  carried  ashore,  as  they  were  too  heavy  to  float. 

Tomer  Bock  Shoal,  aboat  one -half  a  mile  below  Red  Ferry,  and  about  300  yards  in 
length,  composed  of  solid  rock,  was  removed. 

On  October  16 1  commenced  breaking  out  large  pieces  of  slate-rock  ttom  Bed  Feiij 
Shoalf  and  digf^g  away  at  least  10  feet  of  the  embankment  which  had  formed  and 
caused  a  bend  m  the  river.  The  reason  I  operated  in  this  way  was  to  straighten  the 
river  and  give  the  water  a  better  sweep,  which  would  cause  the  bank  to  cave  in  verj 
rapidly  when  the  river  rose.  This  shoal  so  far  was  the  worst  we  had  met  with,  having 
at  least  18  inches  of  a  fall  over  it,  and  to  enable  me  to  get  the  boats  over  this  fall  I 
had  to  build  a  temporary  brush-dam  to  give  suflioient  water*level  to  do  it. 

At  the  mouth  of  Mill  Creek  I  found  the  river  filled  with  sunken  timber,  and  it  was 
impossible  to  pass  the  boats  over  before  removing  it.  I  had  it  hauled  out  on  both 
banks,  leaving  about  2^  feet  of  water  at  that  place.  I  found  it  was  the  same  at  a  place 
called  Duck  Creek.  There  was  more  sunken  timber  in  this  portion  of  the  river  than 
any  we  had  worked  in  thus  far;  it  looked  as  if  it  were  matted  at  the  bottom  of  the 
river,  but  it  was  not  very  troublesome  to  pull  out. 

On  the  51  h  November  I  arrived  at  Indian  Grave  Shoal,  and  found  4  inches  of  water 
on  it ;  the  shoal  is  about  300  feet  long,  composed  of  slate  rock.  A  passage-way  aoffi- 
cient  for  the  boats  to  navigate  was  cut  through. 

The  next  place  was  Piney  Point  Shoal,  about  400  feet  long  and  about  40  feet  in 
width ;  there  was  only  3  inches  of  water  when  I  commenced  work  on  it,  which  I  deep- 
ened to  about  18. 

The  May  Shoal  was  the  next  one  which  I  could  not  pass  without  removing  a  large 
raft  of  100  sticks  of  timber  which  had  lodged  right  across  the  shoal ;  after  removing 
the  raft  had  no  difficulty  in  getting  the  boats  through. 

I  did  not  find  as  many  snags  between  the  last  shoals  I  passed  as  I  did  in  the  lower 
river,  but  I  found  a  great  deal  more  leaning  timber,  which  was  cut  down  and  hauled 
out. 

On  December  30  I  reached  Perry ville  and  made  arrangements  to  start  down  the 
river. 

On  December  31 1  reached  Bed  Ferry  Shoal  and  discharged  all  hands. 

On  the  way  down  the  river  I  was  accompanied  by  12  large  rafts. 

Number  of  trees  cut  down  during  the  months  of  August  and  September 1, 177 

Number  of  snags  pulled ^ 

Number  of  trees  cut  down  during  the  month  of  October ^ 

Number  of  snags  pulled 283 

Number  of  trees  out  down  during  the  month  of  November 1|605 

Number  of  snags  pulled 203 

Number  of  trees  cut  down  during  the  month  of  December 3t  240 

Number  of  snags  pulled 204 
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Total  number  of  trees  cat 6,687 

Total  number  of  snags  palled 890 

In  addition  to  the  above  there  were  25,000  trees  deadened  on  both  banks  of  the  river. 
Have  also  cleaned  off  and  left  a  depth  of  at  least  18  inches  (at  low-water  mark^  on 
Kirk's,  Turner's  Rock,  Red  Ferry,  Indian  Grave,  Piney  Point,  and  Mrs.  May  shoals. 

I  could  not  do  any  work  on  Alford's  Shoal  on  acconnt  of  water,  there  being  at  least 
3  feet  of  water  over  it. 

Then  waa  also  removed  a  large  number  of  rafts  from  the  different  shoals,  so  as  to 
giTe  me  a  chance  to  operate,  'niere  was  also  taken  out  a  large  quantity  of  sunken 
timber. 

In  going  down  the  river  I  found  a  g[ood  many  trees  with  limbs  overhanging  the 
stream,  wmch  were  not  in  the  way  daring  low- water ;  these  I  removed,  and  also  any 
drift  which  I  found  had  lodged. 

The  last  rise,  which  I  mentioned  in  report  No.  17,  cleaned  out  the  river,  and  carried 
with  it  all  the  loose  timber  lying  on  the  banks,  leaving  a  depth  of  at  least  12  feet  on 
the  outer  bar  at  the  mouth. 

Taking  a  js^neral  view  of  the  river  since  the  work  has  been  done,  I  think  it  is  one 
of  the  prettiest  in  Arkansas. 

The  amount  asked  for  for  June,  1882,  ^ill  be  expended  in  improving 
the  shoal  places  in  the  river  and  removing  all  obstructions  firom  the 
bed  and  banks  of  the  stream. 

The  appropriations  made  are  as  follows : 

By  act  approved  March  3, 1879 $10,000 

By  act  approved  June  14,  1880 4,000 

For  port  of  entry  and  collection  district,  see  report  for  improving  har- 
bor and  Mississippi  Biver  at  Memphis,  Tenn. 

Money  statmnent 

Joly  If  1879,  amount  available $10,000  00 

Aaonnt  appropriated  by  act  approved  June  14,  1880 4, 000  00 

114, 000  00 

Joly  1, 1880,  amount  expended  during  fiscal  year 9,200  26 

July  1, 1880,  amount  available ^ 4,799  74 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1862 .      5, 000  00 


O  17. 

niPROVEMENT  OF  SALINE  RIVEE,  ARKANSAS. 

No  work  has  heretofore  been  done  on  this  stream.  During  the  com- 
ing season  it  is  proposed  to  remove  the  obstmctions  from  the  bed  and 
banks  of  the  stream.  For  this  purpose  a  flatboat*,  provided  with  the 
necessary  machinery  and  outfit,  will  be  employed. 

With  the  appropriation  asked  for  the  fiscal  year  ending  June  30, 1882, 
it  is  proposed  to  continue  the  improvement  in  the  same  way  as  above. 

The  original  estimate  for  the  improvement  of  this  river  was  |30,151. 
Amoant  appropriated  by  act  approved  June  14,  1880,  |7,500. 

COmOERCIAL  STATISTICS. 

The  amount  of  commerce  carried  on  during  a  period  of  six  months  of  the  year  em- 
uT]ic<>d  about  20,000  bales  of  cotton,  besides  alarge  quantity  of  hides,  tobacco,  staves, 
timber,  dus.    To  this  should  be  added  a  corresponding  amount  of  return  fireight. 
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It  is  said  by  many  cotton  f^wers  and  storekeepero  along  the  stream  that  if  the  navi- 
gation of  the  Saline  River  were  improved  the  value  of  freight  transportation  would 
amount  to  over  $2,000,000  per  annum. 

For  port  of  entry  and  collection  district  see  report  for  improving 
Ouachita  River,  Arkansas  and  Louisiana. 

Mome^  9UUem£wt, 

Amwint  apnrapriftled  by  ael  anM»v«d  June  14|  1680-4 97,500  60 

Jaly  1,  1»S0,  aoMMt  i»raaIaA»U 7,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 22, 65t  09 

AjBount  tbsl.  e«D  be^profitahly  expendsd  in  fiaoal  yeaor  emdiag  Jxm^  36,  ld82.  IS,  000  00 


O  i8. 

IMPROVEMENT  OF  BLACK  RIVER,  ARKANSAS. 

Vo  work  htm  lieretofbre  been  done^  upon  this  stretnn.  With  the  afppni- 
priation  of  $15,000  it  is  proposed  to  employ  a  H^t-dltmght  boaty  prop^ 
erly  equipped,  and  with  a  full  working  ft>ree  engaged  in  removing  ob- 
structions from  the  bed  and  banks  of  the  river.  Parties  will  also  be 
engaged,  as  far  as  the  apprppriation  will  admit,  in  deepening  some  of 
the  shoal  places  and  in  building  dams  at  the  h^ad  of  Big  Island  and 
other  points  for  the  purpose  of  concentrating  the  water  when  a^  a  low 
stage  into  a  single  channel 

With  the  appropriation  of  $15,000  asked  for  it  is  proposed  to  continae 
the  above  work.  The  total  estimated  cost  of  this  improvement,  includ- 
ing light-draught  boat,  was  $80,800. 

COMMKRCIAL  STATISTICS. 

Fra».tbe>  Upper  Blaok  ffreat  qnantitiea  of  staves  are  taken  for  export  to  foreign 
p<u1%  and  from  the  Lower  Black  U  is  estimated  that  from  10,000  to  112,000  bales  of  cot- 
ton, awi  shipped  to  the  Memphis  and  other  markets,  and  other  shipments  (amount  not 
liikown)  go  oves  tha  SiUnt  lioms  and  Iron  Moantain  Railroad  to  Saint  Louis.  If  tbe 
river  were  improved,  adding  additional  facilities  for  handling  the  crops,  there  is  no 
doubt  but  what  the  cotton  shipments  would  be  increased. 

.  For  collection  district  and  port  of  entry,  see  report  for  improving  MIb- 
sissippi  Biver  and  harbor  at  Memphis,.  Tenn. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1S80 $15,000  00 

Julyl,.19§0,amoiwt  available 15,000  00 

Amount  (estimated)  required  for  completion  of  existing  projecrt 65, 890  00 

Amount  t&at  cau  be  profitably  expended  in  flboBl  year  qukkd^  J«n«'30,  tSBSt.    15, 900  00 


«•• 


ksahinanow  of  blags  bivsb^  ulssoun  assid  amxaxbma 

TJnitbd  States  Enqinebe  Office, 

MemphiSj  Tenn.^  December  20, 1879. 

Oenebal  :  I  have  the  honor  to  present  the  following  report  upon  the 
examination  of  Black  Biver,  Missoori  and  Arkansas,  provided  for  bj 
aet  oi  Oaoff^essk  appsoved  March  3, 1879,  and  assignea  to  me  by  letter 
dated  April  25^  1899« 
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This  examination  was  made  with  a  view  of  determining  the  character 
of  the  stream,  the  nature  of  the  obstructions,  and  cost  of  removal  of 
same,  and  the  amount  of  commerce  to  be  benefited.  The  operations  in 
the  field  were  conducted  by  Mr.  I.  D.  McKown,  assistant  engineer,  and 
extended  from  Poplar  Bluff,  Mo.,  to  Jacksonport,  Ark. 

Examinations  of  this  stream  were  made  under  the  direction  of  Lieu- 
tenant-Colonel Saynolds  in  1871,  by  Mr.  John  S.  Tennyson,  from  Poeik 
hoDtas  to  the  mouth,  and  in  18T2,  by  Mr.  A.  H.  Blaisdell,  from  Poplar 
Bluff  to  Pocahoiitos*  From  these  diflfisrent  reports,  full  and  detailed  in- 
formation regarding  the  obstructions  has  been  obtained,  which  enaUes 
us  to  present  estimates  for  the  improvement  of  the  river. 

Black  Biver  is  a  tributary  of  White  Biver,  beading  in  the  southeast- 
em  part  of  Missouri,  and,  flowing  in  a  general  southwesterly  direction, 
empties  into  the  White  about  half  a  mile  abo<vie  Jacksonport,  Ark.  It 
has  a  number  of  tributaries,  tba  prini^ipal  oneifr  being  Cane  Creek,  Chr- 
iQBt  Blver„  and  Foocche  da  Mas^  wh[il&  at  different  points  it  divides  it- 
self into  t>wt>  bzMiohes^  forming  separate  channels,  such  as  Dan's  Biver, 
Little  Biver,  and  Catharine  Blough.  In  addition,  there  are  numerous 
doughs  leading  off  from  the  main  river  into  th«  bottom  landa  on  either 
side ;  the  drainage  area  of  the  whole  being  estimated  at  about  8,000 
sqaare  miles. 

It  is  considered  necessary  to  improve  only  that  portion  of  the  river 
between  Poplar  Bhift'  and  the  mouth ;  the  estimated  distance  being 
about  300  miles. 

The  banks  of  the  river  are  of  a  firm  material,  but  little  liable  to  cave, 
and  therefore  any  improvement  that  may  be  undertaken  would  be  com- 
paratively permanent. 

During  extreme  high-water  the  banks  and  bottom  lands  a^e  in 
many  places  liaUe  to  overflow.  The  extremes  of  high- water  vary 
from  18.5  feet  at  Poplar  Bluff  to  26.26  feet  at  Pocahontas.  The  river 
bed  is  generally  sandy  ^  on  its  lower  x^rts  sand  and  clay  sometimes  min- 
gled with  musele-shells  and  fine  gravel.  The  general  width  between 
banks  on  the  upper  section  of  the  river  ia  about  130  feet,  and  on  the 
kwei^  etnf  balow  the  mooAh  of  Current  Biver,  the  average  widtk  is 
about  2811  ftet. 

The  general  obstructions  to  navigatiigA  st,T^  shoals^  snags^  logs,  and 
leaning  timber.  About  four  mttes  above  the  head  of  Little  Biver^  the 
Saint  Louis,  Iron  Mountain  and  Southern  Bailroad  has  constructed  ,a 
bridge  of  a  singkBi  fixed  s^an  of  160  feet  across,  the  river,  the  heiglM;  erf? 
the  lower  chord  of  the  bridge  being  only  11  feet  above  low-wat^^  ib  lAi 
therefore  a  complete,  ohstroatiioa  to  the  oatvigation  of  the  river  abav^ 

For  convenience  th^  river  i9  divided  into  two  divisions,  via,  fWw 
Poplar  BlniTto  Currant  Btvca*,  a  distance  of  about  146  mileA^  andfirom. 
Current  Biver  to  the  janeticm  with  the  White.  In  the  first  divfslott 
there  ane.  ftfity^flft^ea  shoaba^  oovering  an  aggregate  length  of  37  miles, 
the  depth  of  water  over  these  i^oals  being  never  less  than  two  feet  ex- 
cept in  one  or  two  instances.  !bi  the  second  division  th^re  are  twenty- 
one  shoal  places,  the  depth  of  water  over  thoiia  varying  ttXkVfk  two  feet 
to  two  and  one  half  feet.  A  list  of  these  shoals  taken  ^m*  the-  reports 
ab:>Te  referred  to  is  here  inserted : 
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Name. 


Henderaon 

No  name 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do -w 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

I>o 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Cox*s  Ford 

FUhTrsp 

No  name..  ^ 

Do 

Rooky  Ford 

BnMell'B  Ferry 

Noiame 

ShoaiBof  Pooahontas 

No  name 

Do 

Do 

Do 

Do,.*. 

Do 

Spring  River 

I^Til^  Race  Paths  ..: 

Lower  Devil's  Race  Path .... 

Eagle's  Neat 

No  name 

Powhatan 

No  name 

Do 

Do 

Tim'     'ictory 

Berkeley's 

LitUe  Paroqnitt 

Paroquitt 

No  name 


Length. 


Fut. 
000 

eoo 

800 
150 
300 
150 
150 
175 
250 
300 
220 
100 
120 
76 
100 
150 
800 
150 
160 
1.000 
400 
>  150 

eoo 

850 
100 
250 
400 
650 
150 
250 

1,800 
800 
100 
850 
300 
200 
300 
200 
75 
250 
100 

2,400 
250 
250 
300 
100 
200 
800 
600 
100 

1,000 
76 
900 
150 
300 
460 
000 
800 
400 
500 
860 
600 
500 
800 
700 
860 
700 
850 
450 
900 
400 
850 
500 
350 
350 
500 
460 
350 


Channel  in  low- 
water. 


Depth. 


Feet 
2to4 
2to3 
3to4 
2.6 
2.6 
3 
8 
2.5to3 
2.6 
3 
3 
8 
3 

2.6 
2.6 
% 

2.6 
2.8 
2.6 
2.6 
8 
8 
8 
8 

8.6 

8.2 

2toa5 

2to3 

2to2.6 

3 
2to8 
2to3 
2.6 
8 
2.8 

a3 

3.8 
3 

8.6 
8 

2.3to3 

2.6to8 
2. 5  to  8 

1. 5  to  8. 5 
8  to  4. 5 
2to8 

1.6to8.6 
2.6 
2.6 
2.2 
2 

2.5 
2.5 
2 
2to2.6 

8 
2to3 
2.4 
2.6 
2.4 
2i6 
2 

2.4 
2.4 
2.4 
2.8 
2.8 
1.10 
2.8 
2.3 
2.8 
2.8 
2.6 
2.6 
2.5 
2.6 
2.6 
2.6 


Width. 


Fe9t. 
40 
60 
30 
86 
35 
80 
86 
80 
80 
40 
40 
80 
25 
40 
80 
30 
40 
80 
.  80 
80 
80 
20 
40 
80 
50 
40 
40 
30 
80 
40 
90 
20 
30 
80 
40 
35 
85 
40 
80 
60 
40 
80 
40 
40 
50 
50 
60 
60 
40 
40 
IdO 
30 
60 
30 
40 
60 
00 
40 
40 
40 
46 
40 
46 
86 
40 
86 
86 
33 
85 
86 
85 
40 
40 
33 
40 
40 
45 
40 


Remarks. 


Gravel  and  sand  bottom;'  logs  in  channel. 

Sand  bottom. 

Sand  bottom. 

Gravel  and  sand  bottom. 

Gravel  and  sand  bottom. 


Bottom  of  snags  imbedded  in  sand. 


Used  as  a  ford. 


All  tiieee  shoals  occur  in  bends.    The 
*    river  itself  is  very  nairow  in  this  lo- 
cality. 


At  month 'of  Dan's  River. 


\ 


In  bend  Roaring  "cat^ff.'* 


Sand,  with  mnscle-sheUs. 

.Between  these  limits  there  is  a  genera) 
good  depth  of  water. 


In  many  of  these  shoals  the  bottom  la 
>    overgrown  by  a  species  of  grass  which 
renders  tJie  bottom  very  hard. 


Fln.aSJ^^^y^*^"- 


Rockv  bottom ;  fkll  .26. ; 

Sand  bottom. 

Sand  and  muscle-shells  on  bottom. 

Rocky  bottom. 

Gravel  bottom. 

Gravel  bottom. 

Two  large  loose  rooks  in  ohannel. 

Gravel  Mttom. 

Do. 

Do. 

Da 

Da 

Da 

Do. 

Da 

Da 

Da 

Do. 
Logs  on  the  bottom. 
Gravel  bottom. 
Gravel  bottom. 
Gravel  and  logs. 
Gravel  and  loga. 
Gravel  bottom. 
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In  addition  to  the  shoals  there  are  a  great  number  of  leaning  trees 
which  should  be  cut  down,  and  numerous  snags  that  ought  to  be  removed. 

Some  improvements  were  attempted  in  former  years  upon  the  Upper 
Black  by  the  State  of  Missouri,  the  money  being  raised  by  donation  of 
swamp  lands;  nothing,  however,  was  attempted  beyond  cutting  down 
leaning  timber  and  removing^Snags  in  the  vicinity  of  Poplar  Bluff. 

The  stream  is  regarded  as  affording  very  good  facilities  for  navigation. 
A  regular  line  of  boats  has  for  several  years  past  been  plying  between 
pointson  theLower  White  and  Pocahontas  on  the  Black.  If  the  improve- 
ment of  the  river  be  carried  on,  it  will  add  greatly  to  the  commercial  and 
agricultural  interests  of  the  country  tributary  to  the  river. 

Regarding  the  improvement,  as  the  character  of  the  stream  is  such  as 
not  to  admit  of  its  navigation  by  boats  of  a  large  size  or  cairying  capac- 
ity (luring  the  low- water  season,  it  is  recommended  to  remove  the  snags, 
logs,  &c.,  cut  down  the  leaning  timber,  improve  several  of  the  shoal 
places,  and  close  up  several  of  the  dmall  sloughs  where  the  channel  is 
divided,  thus  concentrating  the  water  into  single  channels. 

Above  the  mouth  of  Current  Eiver  it  is  recommended  to  deepen  a  few 
of  the  shoal  places,  otherwise  to  confine  the  work  to  the  removal  of  snags, 
&e.,  and  the  cutting  down  of  leaning  timber;  also,  at  the  head  of  Big 
Island,  where  the  river  divides  itself  into  two  channels,  to  put  a  dam 
across  the  head  of  Little  Eiver,  and  confine  the  water  to  the  main  chan- 
nel. A  few  small  sloughs  below  would  require  similar  treatment ;  about 
.100  feet  of  dam,  including  that  at  Little  Eiver,  would  be  sufficient  for 
the  upper  division. 

Below  the  mouth  of  Current  Eiver,  in  addition  to  leaning  timber,  &c., 
there  are  three  shoals  requiring  improvement,  viz :  Devil's  Eace  Path, 
Ca^le  Nest  Shoals,  and  shoals  at  the  mouth  of  river.  The  Devil's  Eace 
l^Htli  Shoal  is  of  gravel  bottom.  The  water  is  divided  into  two  channels 
ami  could  be  improved  by  constructing  a  dam,  closing  up  one  of  the 
diutes. 

Eagle's  Nest  Shqal  is  also  gravel  bottom.  It  has  the  least  depth  over 
it  of  all  the  shoal  places  noted — only  about  22  inches  at  extreme  low 
water.  A  wing-dam  to  contract  the  waterway  and  deepen  the  channel 
would  improve  it. 

Tlie  shoal  at  the  mouth  is  probably  the  most  troublesome.  Sunken 
logs  firmly  imbedded  in  the  bottom  obstruct  the  channel,  rendeiing  the 
passage  of  steamers  difiScult  and  somewhat  dangerous  at  low- water.  If 
these  were  removed,  and  a  low  dam  built,  it  would  make  a  desirable  im- 
provement. 

For  the  improvement  of  Black  Eiver  I  estimate  as  follows : 

1  amaU  light-clraught  boat $20,000 

2  aeMona'  work.  7  months  in  each  season,  at  (2, 200  per  month 30,  KOO 

Catting  trees  along  the  bank,  two  seasons'  work 8,000 

3,500  feet  of  dam,  at  $4  per  foot 14,000 

Kogioeering  and  contingencies ,8, 000 

80,000 

I  have  estimated,  as  will  be  observed,  for  a  small  light-draught  snag- 
boat.  Such  an  one  is  required  not  only  on  Black  Eiver,  but  on  many 
other  small  streams  of  like  character  that  need  improving  in  this  section 
of  the  country,  and  upon  which  the  ordinary  light-draught  snagboats  now 
iu  service  cannot  be  used. 

OOMMEBOIAL  STATISTICS. 

From  the  Upper  Black  great  quantities  ot  staves  are  taken  lor  export 
to  foreign  ports,  and  from  the  Lower  Black  it  is  estimated  that  from 

84  £ 
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10,000  to  12,000  bales  of  cotton  are  shipped  to  the  Memphis  and  other 
markets,  and  other  shipments  (amount  not  known)  go  over  the  Saint 
Louis  and  Iron  Mountain  Railroad  to  Saint  Louis.  If  the  river  were 
improved,  adding  additional  facilities  for  handling  the  crops,  there  is  no 
doubt  but  what  the  cotton  shipments  would  be  greatly  increased. 
Very  resi>ectfully,  your  obedient  servant, 

W.  H.  H.  Bbnyaurd, 

Major  of  Engineers, 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A,  ^ 


• 


O  10. 
IMPROVEMENT  OK  BIG  HATCHIE  RIVER.  TENNESSEE. 


No  work  has  heretofore  been  done  by  the  government  upon  this  stream. 
During  the  coming  season  it  is  proposed  to  procure  a  light-draught 
steamboat,  and  wiUi  a  proper  working  force  engage  in  the  removal  of 
such  obstructions  as  will  aid  the  safe  ua^igation  of  the  stream  and  facili- 
tate the  shipment  of  the  produce  of  the  adjacent  country.  With  the 
amount  asked  for  for  June,  1882,  it  is  proposed  to  continue  the  same 
work. 

The  original  estimate  for  tbe  improvement  of  the  Hatchio  was  |30,000. 
The  amount  appropriated  by  act  approved  June  14,  1880,  is  |10,000. 

COMMERCIAL  STATISTICS. 

The  Hatc'hie  River  runs  through  an  old-settled  and  well-cultivated  country,  where  a 
large  amount  of  cotton,  com,  cattle,  and  other  stock  is  raised,  and  on  the  banks  are 
very  valuable  timber  lands,  from  which  a  large  amount  of  saw-logs  are  obtained,  and 
upwards  of  400,000  white-oak  staves  are  shipped  annually  to  the  New  Orleans  markf^t. 

Memphis  is  tne  natural  market  for  the  sale  of  cotton  and  for  obtaining  supplies  for 
this  district,  but  the  railroads  have  so  arranged  their  freight  charges  that  the  bnsinesd 
has  been  done  at  other  points.  At  Estoynella,  about  100  miles  from  Bolivar,  the  pro- 
duce has  to  be  hauled  from  12  to  15  miles  to  the  railroad  ;  but  shonld  the  river  be  im- 
proved and  open  to  navigation  the  distance  to  steamboat  landings  would  be  short. 

The  price  for  carrying  a  bale  of  cotton  by  railroad  from  Bolivar  to  Mempjbis,  a  dis- 
tance of  70  miles,  was  ^.75,  and  it  has  lately  been  increased  to  $3.25.  The  charge. 
from  Bolivar  to  New  Orleans,  a  distance  of  over  400  miles,  is  also  $3.25.  By  steamboat 
cotton  can  be  carried  for  $1.50  per  bale^  and  it  is  estimated  that  15,000  bales  would  be 
transported  annually,  which  would  efiect  a  saving  on  freight  of  not  less  than  $1  per 
bale,  making  $15,000 ;  and  estimating  a  saving  on  return  freight  at  the  same  amount, 
an  annual  saving  of  ^0,000  would  be  made  were  the  river  opened  to  safe  navigation. 

For  collection  district  and  port  of  entry,  see  report  for  improving  har- 
bor and  Mississippi  fiiver  at  Memphis,  Tenn. 

Money  statefuent. 

Amount  appropriated  by  act  approved  June  14,  1880 $10, 000  00 

July  1,  1880,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1882.     10, 000  00 


« 


examination  of  big  hatchie  biveb,  tennessee. 

United  States  Engineer  Office, 

MemphiSj  Tenn,y  December  20, 1879. 

Oenebal:  I  have  the  Iionor  to  transmit  herewith  the  report  of  Mr. 
Joseph  Barney,  assistant  engineer,  upon  the  examination  of  Big  Uatcbie 
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River,  Tennessee,  made  under  my  direction  in  accordance  with  instruc- 
tioDS  from  yoar  office  under  date  of  June  16  last.  The  sum  allotted  for 
the  work  was  from  the  appropriation  of  August  14, 1876,  ^^for  examina- 
tions and  surveys  of  such  rivers  and  harbors  as,  in  the  jud^ent  of  the 
Secretary  of  War,  will  subserve  the  general  interests  of  commerce.'^ 

The  question  of  making  an  examination  of  Hatchie  Biver  was  referred 
to  me  in  March,  1877 ;  but  at  that  time  an  act  of  the  legislature  of  the 
State  of  Tennessee  was  in  force,  which  declared  that  the  river  was  not 
a  navigable  stream,  whereby  the  railroad  companies  were  allowed  to  build 
bridges  without  draws  across  the  river.  Under  such  a  condition  of  affiurs 
nothing  was  attempted  by  the  United  States  in  the  way  of  making  the 
contemplated  examination.  The  act  referred  to  was  repealed  at  the  last 
session  of  the  legislature,  and  Hatchie  Eiver  is  again  open  to  navigation, 
the  railroad  companies  having  altered  their  bridges  to  conform  to  the 
law. 

The  examination  extended  from  Bolivar  to  the  mouth,  a  distance  esti- 
mated at  240  miles,  and  was  made  when  the  river  was  at  its  lowest  stage, 
and  consequently  all  obstructions  to  navigation  were  noted.  These  ob- 
atrnctions  consist  of  snags,  logs^  and  leaning  timber,  and  their  removal 
would  constitute  the  principal  improvement  to  be  carried  on,  in  order 
to  render  the  Hatchie  a  navigable  stream  for  light-draught  boats  through- 
out the  entire  year. 

The  opening  of  this  river,  which  flows  through  the  richest  and  most 
productive  region  of  West  Tennessee,  will  greatly  promote  the  agricul- 
tural and  commercial  interests  of  that  section,  and  will  furnish  an  addi- 
tional outlet  for  the  transportation  of  the  productions  to  market  at  a 
greatly  reduced  cost. 

In  addition  to  the  shix)ments  of  staves,  which  are  transported  for  home 
and  foreign  markets,  it  is  estimated  that  15,000  bales  of  cotton  will  be 
dipped  from  the  river,  finding  a  market  in  Memphis. 

The  estimated  cost  of  the  improvement  of  the  river  is  $30,000. 
Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaued, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  WBiaHT, 

Chief  of  Engineers,  U,  8.  A. 


RKPORT  OF  MR.  JOSEPH  BURNKY,   ASSISTANT  ENGINEER. 

Memphis,  Tenn.,  December  11,  1879. 

Major  :  In  accordance  with  your  instmctions  to  make  an  examination  of  the  Big 
Hatchie  River  from  Bolivar  to  the  mouth,  with  an  estimate  for  improving  the  naviga- 
tion of  the  same,  I  respectfully  suhmit  the  following  report : 

VTpon  receiving  your  instructions,  I  immediately  proceeded  to  Bolivar,  Tenn.,  por- 
fbawd  a  skiff,  engaged  two  boatmen,  and  proceeded  slowly  down  the  river,  maKing 
inqniries  and  observations  at  every  possible  point  alon^  the  way. 

The  Hatchie  River,  from  Bolivar  to  the  mouth,  is  m  the  State  of  Tennessee,  and 
fUQB  through  the  counties  of  Lauderdale,  Tipton,  Haywood,  and  Hardeman,  a  dis- 
tance estimated  at  240  miles,  entering  the  Mississippi  River  60  miles  above  Memphis. 
I  consider  the  river  equal  in  size  to  the  Yazoo  River  in  Mississippi  and  the  Ouachita 
River  in  Louisiana  and  Arkansas,  and  capable  of  being  navigated  by  boats  of  a  capac- 
ity adapted  to  those  streams. 

Before  the  year  1H()6  the  Hatchie  River  was  a  lawful  navigable  stream,  and  from 
^  to  seven  steamboats  were  fully  employed  during  the  cotton  season,  some  of  which 
▼ere  side-wheel  boats,  having  a  carrying  capacity  of  from  1,500  to  1,600  bales  of  cot- 
ton. Navigation  was  not  even  suspend^  during  the  lowest  stage  of  water,  for  there 
18  always  sufficient  depth  for  boats  drawing  2  feet.  « 

About  the  year  1858  the  State  of  Tennessee  appropriated  |32,000  for  the  improve- 
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ment  of  the  river,  the  expenditure  of  which  placed  the  stream  in  a  navigable  condition, 
and  a  very  large  amount  of  buBiness  was  done  upon  it.  In  the  year  1866  the  State 
legislatnre  of  Tennessee  declared  the  Hatchie  to  be  an  nnnavigable  stream,  and  gave 

fennission  to  the  Mississippi  Central,  the  Memphis  and  Louisville,  and  Memphis  and 
aducah  RailiDad  Companies  to  construct  bridges  across  it,  which  created  an  effectual 
bloclsade,  and  althous^h  many  attempts  have  since  been  made  to  navigate  the  river, 
which  has  led  to  much  litigation,  and  the  United  States  remaining  silent  on  the  qnes- 
tion,  navigation  has  been  entirely  suspended. 

During  the  present  year  the  legislature  repealed  their  former  act  and  declared  the 
Hatchio  once  more  to  be  a  navigable  stream,  and  ordered  the  Memphis  and  Louisville 
Railroad  Company  to  alter  their  bridge  and  put  in  a  draw  spai). 

The  principal  obstructions  to  navigation  are: 

Ist.  The  iron  bridge  across  the  river  near  Brownsville,  Tenn.,  belonging  to  the  Mem- 
phis and  Louisville  Railroad  Company.  The  bridge  is  now  being  altered  so  as  to  make 
it  a  drawbridge,  and  will  soon  be  completed,  which  will  entirely  do  away  with  this 
obstruction. 

2d.  The  Memphis  and  Paducah  Railroad  bridge  near  Covington,  Tenn.  This  bridge 
is  constructed  of  wood  and  can  easily  be  removed. 

3d.  The  leaning  trees. 

4th.  The  snags,  of  which  there  area  great  number,  making  it  very  difficult  and  dan- 
gerous for  the  steamboats  to  navigate  tiie  river  until  they  are  removed. 

After  a  careful  examination,  and  after  consulting  experienced  river  men,  I  estimate 
that  it  will  take  three  years  to  thoroughly  improve  the  river,  at  a  cost  of  ^0,000. 

I  would  respectfully  recommend  that  the  work  be  done  b^  chartering  a  li^ht-draught 
steamboat  with  a  workiuir  crew,  to  remove  the  obstructions  from  the  nver  and  cut 
down  the  loauin^  trees.  The  expense  of  such  a  boat  and  crew  would  be  from  $100  to 
|120  per  day ;  this  would  allow,  say : 

Four  months'  work  in  1880 $15,000 

Three  months' work  in  i«81 10,000 

Two  months' work  in  1882 5,000 

Total  estimates 30,000 

The  Hatchie  River  runs  through  an  old-settled  and  well-cultivated  country,  where 
a  large  amount  of  cotton,  com,  cattle,  and  other  st^ook  is  raised,  and  on  the  banks  aro 
very  valuable  timber  lands,  from  which  a  large  amount  of  saw-logs  are  obtained,  and 
upwards  of  400,000  white-oak  staves  are  shipped  annually  to  the  "Sew  Orleans  market. 

Memphis  is  the  natural  market  for  the  sale  of  cotton  and  for  obtaining  supplies  for 
this  district,  but  the  railroHds  have  so  arranged  their  freight  charges  that  the  business 
has  been  done  at  other  points.  The  price  for  carrying  a  bale  of  cotton  from  Bolivar 
to  Memphis — a  distance  of  70  miles — was  |2.75,  ancf  it  has  lately  been  increased  to 
$3.25.  The  charges  from  Bolivar  to  New  Orleans — a  distance  of  over  400  miles — ^is  also 
$3.25.  At  Estoynella,  about  120  miles  from  Bolivar,  the  produce  has  to  be  hauled  from 
12  to  15  miles  to  the  railroad,  but  should  the  river  be  improved  and  open  to  naviga- 
tion the  distance  to  steamboat  landings  would  be  short.  Cotton  can  be  carried  on 
steamboats  for  $1.50  per  bale,  and  it  is  estimated  that  15,000  bales  would  be  trans- 
ported annually,  which  would  effect  a  saving  in  freight  of  not  less  than  |1  per  bale, 
making  $15,000;  and  estimating  a  saving  on  return  freight  at  the  same  amount,  an 
aunuafsaving  of  $30,000  would  be  made  by  the  river  being  open  to  navigation. 

Since  the  State  legislature  has  declared  the  river  to  be  a  navigable  stream,  thus 
addiuff  240  miles  to  the  navigable  rivers  of  the  United  States,  a  company  has  been 
formed  at  Memphis,  with  a  capital  of  $25,0<>0,  to  run  two  steamboats  from  Memphis  to 
Bolivar;  but  until  the  channel  is  improved  navigation  will  be  very  dangerous,  and 
ooDseouently  freight  charges  must  be  niffh. 

I  l>eiieve  that  |^,000  would  thoroughly  improve  the  river  and  be  of  great  benefit 
to  the  inhabitante  of  West  Tennessee. 

I  have  the  honor  to  remain,  very  respectfully, 

Joseph  Bubnxt. 

Maj.  W.  H.  H.  Benyaurd, 

Carp9  of  Engineers,  U.  8.  A. 


O    20. 

IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AT  NATCHEZ  AND  VIDALIA. 

Ho  work  has  heretofore  been  done  at  this  locality*    With  the  appro- 
priatioQ  of  $40,000  made  by  act  of  Congress  approved  June  14  it  is  pro- 


I 
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posed  to  commence  the  revetmentand  protection  of  t}ie  Louisiana  shore 
along  Marengo  Bend,  in  order  to  stop  the  caving,  and  so  prevent  the 
Mississippi  River  from  cutting  into  Lake  Concordia.  Work  will  com- 
mence as  soon  as  the  stage  of  water  will  allow. 

With  the  appropriation  asked  for  the  fiscal  year  ending  June  30, 1882, 
it  is  proiK)sed  to  continue  the  work  at  two  points,  Giles  Bencf  and  Ma- 
rengo Bend.    The  total  estimated  cost  of  this  work  was  $939,600. 

The  amount  of  cotton  shipped  from  this  port  during  the  month  of  June  was  315  balesi 
making  a  total  of  26,9t3  bales  of  cotton  shipped  between  September  1,  1879,  and  July 
1,  IW,  besides  a  corresponding  amount  of  return  freight.  The  port  of  entry  is  New 
Orleans. 

Money  stateinent. 

Aiuouut  appropriated  by  act  approved  June  14,  1880 $40, 000  00 

July  1, 1880,  amount  available 40,000  00 

Aoionnt  (estimated)  required  for  completion  of  existing  project 899, 600  00 

Amount  that  can  be  prohtably  exi>eBded  in  fiscal  year  enaing  June  30, 1882.  150, 000  00 


O    21. 


IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AND  HARBOR  AT  VICKSBURG, 

MISSISSIPPI. 

0i>eratiOD8  upon  the  work  for  the  protection  of  the  Delta  Point  were 
resumed  in  June,  1 879,  and  continued  until  about  the  middle  of  August, 
when  there  wa«  an  entire  suspension  of  the  work  ordered,  on  account 
of  tlie  fears  of  certain  people  that  yellow  fever  would  break  out  among 
the  force  of  laborers  employed,  and  spread  through  the  surrounding 
ooantry.  Work  was  resumed  after  a  month's  delay,  and  continued  untu 
January,  when  the  water  in  the  Mississippi  became  so  high  that  it  was 
absolutely  necessary  to  suspend. 

Over  4J000  feet  of  bank  has  been  revetted,  and  thus  far  has  snccess- 
ftiUy  prevented  the  further  caA^ng  of  the  bank  where  applied.  There 
still  remains  to  be  protected  about  1,200  feet  between  the  upper  and 
lower  divisions  of  the  work,  and  about  2,300  feet  below. 

The  appropriation  made  by  act  of  June  14  is  so  small,  comparatively, 
that  it  will  not  go  very  far  towards  the  completion  of  the  work.  With 
it  1  proi>ose  to  continue  the  revetment,  and  repair  and  maintain  the 
stability  of  that  already  done. 

The  original  recommendations  of  the  Board  of  Engineers  were  that 
the  work  should  be  carried  out  in  the  following  order :  Ist,  protection 
of  the  Delta  Point;  2d,  construction  of  the  bar  dike;  3d,  dredging  out 
the  inner  harbor.  To  that  intent,  operations  have  been  confined  to  the 
first  purpose.  The  object  of  the  bar  dike  wa«  to  cut  oflF  the  eddy  cur- 
i^nt,  and  prevent  the  filling  up  of  the  inner  harbor.  The  i>osition  of 
this  bar  dike  was  on  the  crest  of  the  bar  which  was  being  formed  firdm 
the  end  of  De  Soto  Island  towards  Ryan's  Sc'iw-mill.  The  deposit  froni 
the  river,  however,  has  been  so  great  that  the  crest  of  this  bar  is  now 
20  feet  above  low- water,  and  fullj^  carries  out  the  object  for  which  the 
bar  dike  was  originally  designed.  Soundings  made  within  the  last  fetr 
days  show  that  although  we  have  had  a  long-continued  stage  of  high- 
water,  there  has  been  no  appreciable  fill  in  the  inner  harbor  directly  in 
front  of  the  elevator  and  steamboat  landing  during  the  past  year. 

Under  this  favorable  condition  of  affairs,  it  is  proposed  to  carrj*  out 
the  third  recommendation  as  above,  and  dredge  a  channel  250  feet  wide 
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from.  Eyan's  Mill  to  the  front  of  the  elevator,  at  which  point  it  will  be 
enlarg^  into  a  basin  600  feet  wide  and  about  1,800  feet  long ;  the  total 
length  of  the  cut  from  Evan's  Mill  to  the  elevator  being  4,800  feet. 

The  appropriation  of  $250,000  asked  for  is  to  be  applied  as  follows: 
$100,000  to  the  revetment  of  the  Delta  Point,  and  $150,000  to  dredging 
and  preparing  for  the  basin  in  the  inner  harbor. 

For  full  details  of  the  operations,  1  beg  leave  to  refer  to  the  report  of 
Mr.  T.  G.  Dabney,  assistant  engineer,  herewith. 

The  former  appropriations  are  as  follows : 

By  act  approvedJune  18, 1878 184,000 

By  act  approved  March  3,  1879 50,000 

By  act  approved  June  14,  1880 20,000 

COMMERCIAL  STATISTICS. 

During  the  past  year,  Vicksburg  handled  about  56,000  bales  of  cotton ;  and  in  ad- 
dition to  this  there  were  brought  to  Delta,  by  the  Vicksburg,  Shreveport  and  Pacific 
Bailroady  about  43,000  bales. 

It  is  estimated  that  the  value  of  the  commerce  of  Vicksburg  is  between  |7,000,00<) 
and  $8,000,000  per  year,  outside  of  the  cotton  receipts. 

All  tlie  steamboats  passing  to  and  from  New  Orleans  to  point-s  further  north  land  at 
this  place,  and  are  more  or  h^ss  affected  by  the  improvement  of  the  harbor. 

For  port  of  entry  and  amount  of  revenue  collected,  see  report  on  the 
mprovement  of  mouth  of  Bed  River,  Louisiana. 

Money  statement. 

July  1,  1879,  amount  available $95,758  25 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$115, 758  25 

July  1,  1880,  amount  expended  during  fiscal  year 94, 971  07 

July  1,  1880,  amount  available 20,787  18 

Amount  (estimated)  required  for  completion  of  existing  project  for  Delta 
Point 100,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1882,  for  Delta  Point  and  di-edging 250,000  00 


REPORT  OF   M«.   THOMAS   G.   DABNEY,  ASSISTANT  ENGINEER. 

Vicksburg,  Miss.,  July  1,  1880. 

Major:  I  have  the  honor  to  submit  the  following  report  of  the  work  intrusted  to 
my  charge  for  the  fiscal  year  just  ended.  I  will  first  briefly  recall  the  character  and 
object  of  the  work  which  I  have  been  prosecuting  here. 

You  will  remember  that  in  1878  the  Board  of  Engineers,  of  which  General  Simpson 
was  president  and  Major  Suter  and  yourself  members,  recommended  that  appropria- 
tion be  made  to  execute  certain  work  for  the  preservation  of  this  harbor.  The  first 
Btejj  was  the  revetment  of  the  Delta  peninsula  to  prevent  further  c«aving  and  stop  the 
rapid  recession  of  the  river  from  the  vicinity  of  Vicksburg.  The  second  was  to  con- 
struct a  dike  from  the  south  end  of  De  Soto  Island  across  the  harbor  along  the  crest 
of  the  bar  in  process  of  formation  to  a  point  about  800  feet  from  the  Vicksburg  shore : 
thence  nearly  parallel  to  the  bank,  converging  slightly  southward  to  deep  water.     • 

The  basin  thus  inclosed  in  front  of  the  town  was  then  to  be  dredged  to  a  sufficient 
depth  to  accommodate  the  commerce  of  the  place,  a  channel  of  approach  being  main- 
tained to  the  river. 

In  1878  Congress  made  an  appropriation  for  this  work,  the  amount  appropriated 
l)eing  the  estimated  cost  of  the  first  step  only  of  the  system  recommended  for  the 
restoration  of  this  harbor ;  that  is,  the  revetment  of  tlie  caving  bank  along  the  Delta 
X>eninsula.  The  estimate  of  cost  for  this  work  was  made  witnont  pTOvious  ex- 
I>erience  in  such  operations  with  the  conditions  here  prevailing,  very  deep  water  and 
rapid  current,  proved  too  low  by  nearly  one-half,  though  the  cost  was  much  mcreasod  by 
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exceptional  untoward  circiiiUBtauceH,  aH  the  prevalence  of  the  yellow-fever  epidemic  of 
1878  and  the  snspeusion  of  the  work  in  ld79  trom  apprehensions  of  a  similar  visitation. 

Owing  to  the  experimental  character  of  this  application,  a  revetment  of  willow 
luattresHes,  and  the  necessity  for  a  ^adnal  development  of  the  process,  hnt  little  ma- 
terial projH'ess  was  made  after  the  subsidence  of  the  fever  in  1878,  the  season  being 
exceedingly  unfavorable,  a  strong  motive  existing,  however,  to  utilize  the  time  as  far 
as  i>ossible  and  arrest  the  rapid  caving  of  the  bank.  Valuable  experience  was  gained, 
but  at  a  considerable  cost,  which  prove<l  useful  the  following  season.  Last  summer 
(]r^9)  work  was  resumed  as  early  as  the  stage  of  water  in  the  river  would  permit,  on 
the  ^th  of  June;  the  operations  were  pushed  vigorously  until  August  12,  when  there 
was  an  entire  suspension  of  the  work.  This  very  unfortunate  stoppage  arose  partly 
from  the  genuine  fears  of  certain  people  lest  yellow  fever  should  invade  my  force  of 
}al>orersand  thence  communicate  itself  to  the  adjacent  country,  but  largely  to  petty 
bickerings  and  jealousies  between  small  local  boards  of  health ;  and  although  such 
.ID  observation  is  perhaps  out  of  place  here,  I  cannot  reft*ain  from  expressing  the  hope 
that  the  national  government  will  assume  entire  control  over  all  matters  of  quaran- 
tine, and  regulate  the  subject  with  some  kind  of  system  and  common  sense,  as  local 
(luarantine  became  an  intolerable  evil  last  year. 

The  danger  which  it  was  alleged  was  apprehended  from  the  presence  of  my  work- 
men near  Delta  appeared  to  me  to  be  so  remote  and  the  remedy  so  easy,  if  it  should 
arise,  to  wit,  the  clispersion  of  my  force,  that  I  resisted  the  elfort  to  procure  a  stop- 
page of  the  work  as  far  as  ])ossibie,  having  a  lively  sense  of  the  importance  of  utiliz- 
ing so  favorable  a  season,  but  an  order  from  the  Secretary  of  War,  through  youi-self, 
required  me  to  suspend  the  work  as  above  recited  on  August  12.  It  is  rather  a  curi- 
ous fact  that  the  inhabitants  of  both  Vicksburg  and  Delta,  being  immediately  contig- 
Qon»  to  the  work  and  preponderating  largely  in  numbers,  were  opposed  to  its  suspen- 
sion ;  but  the  trouble  came  chiefly  from  people  living  along  the  line  of  railroad,  in 
tbe  parishes  further  west,  from  !^  to  75  miles  back,  their  fears  being  magnified  in 
prop(»rtion  t4i  their  remoteness  from  danger. 

My  force  of  some  250  men,  well  organized  and  operating  very  successfully,  was  of 
I'ourse  entirely  dissipated.  A  month  later  the  work  was  resumed  by  your  order,  but 
mnuh  more  time  was  lost  before  the  working  force  could  be  brought  up  to  the  same 
Mandanl  of  strength  and  efficiency.  This  inten*uption  was  most  unfortunate  in  all 
respects,  greatly  marring  the  opportunity  afforded  by  an  exceptionally  long  and  favor- 
able low-water  season  for  the  accomplishment  of  this  work.  On  January  9  the  last 
mattress  was  sunk,  the  river  having  tlien  attained  such  a  height  as  to  render  the  oper- 
ation very  difficult ;  and,  doubtful  of  results,  the  work  was  discontinued  for  the  sea- 
son. One  hundred  and  twelve  mattresses  were  construct-ed  during  the  season  and 
disposed  of,  nearly  all  successfully ;  4  of  them  were  entirely  lost  in  the  effort  to  sink 
them,  and  there  w^ere  fragments  which  broke  away  from  some  others  that  were  of 
eitra  length,  but  the  great  majority  were  properly  sunk,  my  systi^m  of  operating  hav- 
ing attained  a  considerable  degree  of  perfection  during  the* progress  of  the  work. 

The  revetment  was  carried  along  from  the  upper  end  of  tne  work  to  a  point  about 
2,700  feet  below,  which  extent  of  bank  was  thoroughly  well  protected.  At  this  junc- 
ture it  became  obvious  that  there  was  not  sufficient  time  left  to  complete  the  work  to 
the  extremity  of  the  peninsula.  It  was  therefore  deemed  advisable  to  skip  a  portion 
of  the  bank  which  was  retired  from  the  current  to  a  considerable  degree,  and  utilize 
tbe  remainder  of  the  season  in  covering  as  nmch  as  possible  of  the  greatly  exposed 
locality  further  down.  This  was  accordingly  done,  and  Iwtween  1,600  and  1,700  feet 
of  bank  below  the  Delta  wharf-boat  was  well  covered. 

The  operation  of  sinking  mattresses  at  this  pai't  of  the  work  was  at  first  very  diffi- 
cult, owing  to  the  presence  of  deep  water  inshore,  from  70  to  HO  feet,  and  a  remark- 
ably strong  current  impinging  against  the  bank.  There  were  in  consequence  some 
disasters  in  the  earlier  stages  of  tlie  operation,  but  a  system  was  gradually  perfected 
by  which  the  mattresses  were  sunk  with  certainty  and  piximptness,  as  many  as  four 
baving  been  sunk  in  a  day,  with  one  set  of  men  and  appliances. 

The  mattresses  were  froni  125  to  175  feet  in  length,  50  feet  wide,  and  about  2  feet 
thick.  On  the  upper  extremity  of  the  work,  the  slope  of  the  bank  being  longer,  the 
inattressea  used  were  generally  175  feet  long,  while  at  the  lower  extremity  they  were 
140  feet  long.  Some  were  made  only  18  inches  thick,  but  it  was  fonnd  much  more 
difficult  to  sink  them  successfully  in  deep  water  and  strong  current. 

When  this  extent  of  work  had  been  accomplished,  the  river  had  reached  so  high  a 
iitage  that  operations  were  both  hazardous  and  expensive,  and  the  bars  being  to  a 
lar«;e  extent  covered  with  water,  it  became  impossible  to  procure  a  sufficient  supply 
of  willows.  A  few  more  mattresses  were  sunk  in  continuation  of  the  upper  part  of 
the  lower  detached  work,  with  the  hope  of  protecting  that  part  in  some  measure, 
they  being  placed  parallel  to  the  bank  and  covering  the  slope  for  some  50  feet  below 
low-water  line.  The  prot-ection  afforded  by  them  is  not  very  <lecided,  though  they 
doubtless  retarded  the  caving. 

The  experiment  was  then  made  of  sinking  "screens"  in  the  position  of  spur  dikes, 


1336  BEPOET  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  AKMY. 

a  small  force  of  workmen  beiuK  retained  for  that  purpose.  This  idea  was  obtained 
from  Major  Charles  R.  Suter,  United  States  Engineer,  he  having  used  them  with  vent- 
good  efiect  in  the  Missouri  River,  but  under  conditions  quite  different  ft*om  those  pre- 
vailing here,  as  he  had  much  less  depth  of  water  and  velocity  of  current  to  operate 
in.  The  experiment  here  was  made  at  such  a  high  stage  of  water,  and  consequent 
rapid  current,  and  I  was  so  much  harassed  with  drift-wood  during  the  operations, 
that  no  det'Crminate  result  was  obtained,  which  was  a  source  of  much  regret,  as  I 
was  anxious  to  test  the  principle  as  applicable  here. 

Duriuf^  the  prevalence  of  high-water  this  season,  I  have  watched  with  great  interest 
and  anxiety  the  effect  upon  the  mattress  revetment,  and,  now  that  the  ordeal  is 
passed,  I  felicitate  myself  upon  the  good  condition  of  the  work  and  the  faithfulness 
with  which  it  has  resisted  the  attacks  of  the  river. 

The  upper  division  of  the  work  is  absolutely  intact.  The  lower  part,  being  vulner- 
able at  Doth  its  extremeties,  suffered  somewhat,  but  less  than  was  anticipated.  I  am 
now  convinced  that  the  problem  of  securing  the  banks  of  the  Mississippi  River  from 
caving  has  been  solved, but  the  process  under  such  difficult  conditions  is  probably  too 
costly  for  ver^'  general  application,  my  operations  having  demonstrated  tne  coat  to  be 
about  |18  per  linear  foot ;  the  estimate  was  made  during  a  period  when  the  work  wa« 
proceeding  favorably. 

The  conditions  here  are  exceptionally  difficnlt,  however,  owing  to  the  high  velocity 
of  the  current,  a  result  of  the  cut-off. 

There  remains  uncovered  about  1,200  feet  of  bank  between  the  upper  and  lower 
work,  and  2,300  feet  below  the  lower  work.  The  gap  between  the  detached  portions 
of  the  revetment  has  caved  rather  alarmingly  this  season,  much  more  than  I  had  sup- 

Eosed.  The  river  there  now  threatens  the  Delta  depot  and  railroad  terminus.  It  is 
ighly  desirable  that  it  should  be  protected  this  fall,  but  unfortunately  the  means  at 
hand  are  insufficient.  The  caving  at  the  lower  extremity  of  the  peninsula  has  dimiu- 
ished  to  a  marked  degree,  which  is  attributed  to  the  revetment  higher  up,  the  presence 
of  which  partly  directs  tne  current  from  the  bank  below. 

The  appropriation  made  by  the  last  Congress  for  this  work  is  so  sroaU,  and  the  for- 
mer appropriation  so  nearly  exhausted,  that  little  progress  can  be  made  the  present 
season  in  advancing  it  towards  completion.  I  can  hope  to  do  little  more  than  strengthen 
weak  places  and  preserve  the  work  already  accomplished,  until  another  Congress  shall 
determine  whether  this  work  shall  be  couipleted  or  allowed  to  be  gradnally  destroyed 
by  the  attacks  of  the  river,  a  result  which  I  am  afraid  will  ensue  from  its  uncompleted 
state. 

I  will  now  ix^cur  to  the  subject  of  the  work  which  it  is  desirable  to  do  in  the  harbor 
proper,  to  restore  and  maintain  deep  water  therein. 

Referring  to  the  report  of  General  Simpson's  Board,  in  relation  to  this  matter,  made 
in  1878,  it  will  be  seen  that  it  was  recommended  to  construct  a  dike  from  the  south  end 
of  De  Soto  Island  across  in  the  direction  of  the  Cotton  Compress,  to  a  point  about  800 
feet  from  the  V icksburg  shore,  thence  about  parallel  to  this  bank  down  to  a  iraint  be- 
low Ryan's  Mill  to  deep  water.  This  dike  would  be  along  the  crest  of  the  bar  then 
forming.  The  next  step  was  to  dredge  a  channel  of  communication  between  the  shore 
and  parallel  dike,  from  deep  water  l^low  to  the  city  front,  where  a  basin  of  snfficiont 
capacity  for  th*^  commerce  of  the  place  should  be  constructed  by  the  same  process. 

The  cost  of  these  two  operations  was  estimated  at  $254,000,  in  addition  t<o  the  revet- 
ment of  Delta  peninsula. 

The  deveIo|>ements  of  the  last  high-water  season  show  the  wisdom  of  this  plan  of 
procedure.  The  crest  of  the  bar  upon  which  the  dike  was  to  have  been  oonstructed 
has  now  reached  an  elevation  approaching  that  of  the  proposed  dike,  and  the  effect 
has  been  to  exclude  the  inflow  of  water  from  the  river  below,  which  heretofore  paRRed 
up  by  the  city  lauding,  and  thence  abound  Dc  Soto  Island,  bringing  up  with  it  large 
quantities  of  mud  and  sand,  which  was  depo8it<ed  in  the  harbor.  There  has  been  since 
last  8eaJ4on  no  appreciable  amount  of  deiK)sit  in  front  of  the  town,  and  as  the  crest  of  that 
bar  continues  to  rise  higher  from  year  to  year,  it  is  manifest  that  additional  security 
will  be  afforded,  and  the  construction  of  the  proposed  dike  may  be  entirely  dispensed 
with,  saving  ia  that  direction  the  estimated  cost  of  $154,000.  The  additional  amount 
of  dredging,  however,  rendered  necessary  by  additional  filling  since  the  first  estimate 
was  made,  orings  the  present  estimate  up  to  almost  exactly  the  original  amount. 

It  is  now  proposed  and  recommended  that  a  channel  be  opened  from  deep  water 
below  Ryan's  Mill  to  the  elevator  building,  the  channel  to  be  250  feet  wide  at  the 
elevator,  to  be  enlarged  into  a  basin  (>00  feet  wide,  and  extending  1,800  feet  along  the 
city  front.  This  should  be  dredged  to  a  depth  of  15  feet  below  low- water  level.  The 
channel  of  communication  will  be  4,800  feet  long,  and  the  average  depth  of  the 
excavation  will  be  26  feet.  In  the  basin  the  depth  of  excavation  will  be  87  feet.  Tfac 
estimated  amount  of  cubic  yards  of  material  to  be  removed  is  2,235,555.  This  is  esti- 
mated to  cost  15  cents  per  yard,  making  $335,333.25.  It  is  deemed  expedient  to  w^- 
teot  the  side  slopes  of  the  excavation  by  an  application  of  brush  revetment,  which  is 
estimated  to  cost  $30,000.  making  a  total  of  $365,333.25  for  the  whole  work.    The 
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uperation  of  dredging  would  be  carried  on  progressively  in  different  stages  of  the 
wat^T,  and  it  is  estimated  that  |150,000  of  the  above  snm  could  be  profitably  expended 
on  tliis  part>  of  the  work  during  next  season,  which,  with  $100,000  that  ousht  to  be 
applied  to  the  completion  of  the  revetment  on  the  Delta  side,  will  make  $S550,0%,  which 
it  IB  rtH^ommended  be  appropriated  for  these  purposes. 

In  considering  the  question  of  excavating  a  harbor,  it  should  be  borne  in  mind  that 
there  will  be  an  annual  silting  up  to  some  extent  of  the  mouth  of  the  channel  of  com- 
omnieation,  but  it  will  require  but  little  work  at  the  subsidence  of  ea«h  high-water 
to  keep  the  month  open,  the  cost  of  which  will  doubtless  be  cheerfully  assumed  by  the 
city  of  Vicksbure. 

This  report  will  be  accompanied  by  a  tracing,  showing  the  changes  which  have  oc- 
curred in  the  harbor  and  vicinity  since  my  last  annnal  report,  and  the  position  of  the 
proposed  excavation  in  the  harbor. 

I  have  the  honor  to  be,  very  respectfully,  vour  obedient  servant, 

T.  G.  Dabney, 

Aemlant  Engineer, 
Maj.  W.  H.  H.  Benyaurd, 

Corps  of  Engineers,  V.  S,  J. 


O    22. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVER  AND  HARBOR  AT  MEMPHIS, 

TENNESSEE. 

At  the  commencemeut  of  the  fiscal  year  the  work  upon  the  protection 
of  the  bank  along  the  city  front  was  in  course  of  prosecution.  Matters 
were  progressing  favorably  when,  in  July,  the  yellow  fever  made  it«  ap- 
I)earance,  and  we  were  compelled  to  suspend  operations  for  the  summer. 
In  November  work  was  again  resumed  and  continued  until  February, 
when  high-water  put  an  end  to  the  operations  for  the  season. 

Up  to  the  end  of  the  fiscal  year  some  2,000  feet  of  bank  protection 
ba8  been  applied,  and  with  favorable  results.  It  was  unfortunate  that 
ve  had  to  suspend  operations  last  summer,  as  the  water  in  the  Missis- 
sippi reached  a  very  low  stage,  and  continued  so  for  along  period.  Had 
it  not  been  for  the  fever  we  would  have  made  considerable  progress. 

So  far  the'  work  has  been  succe-ssful,  where  applied,  in  attaining  the 
object  in  view,  \iz,  the  prevention  of  the  bank  caving  along  the  city 
front. 

An  examination  made  lately  by  a  diver  showed  the  mattresses  still  in 
position  along  the  bank  and  filled  with  sediment,  and  without  any  caving 
apparent,  except  in  one  instance  at  the  mouth  of  Wolf  Eiver,  and  this 
was  caused  by  a  flood  from  that  stream  when  the  Mississippi  was  com- 
paratively low.    Otherwise  the  mattress  protection  remains  intact. 

It  has  this  past  season  been  subjected  to  a  severe  test,  the  water 
having  been  in  a  very  high  stage  for  upwards  of  six  months,  completely 
saturating  the  banks ;  still,  when  the  water  declined,  no  cracks  or  caviugs 
in  the  banks  were  to  be  observed. 

During  the  coming  season  it  is  proposed  to  continue  the  work  upon 
the  bank  protection,  and  the  appropriation  asked  for  for  the  fiscal  year 
ending  Jane  30, 1882,  will  be  applied  to  the  same  purpose.        * 

For  the  details  of  the  operations  I  beg  leave  to  refer  to  the  report  of 
Mr.  Joseph  Bumey,  assistant  engineer,  herewith. 

COMMERCIAL  STATISTICS. 

Merchaudise  and  produce  sold  for  twelve  inonthH  ending  Septembor  I,  1879, 
|66,riO0,0OO.  Of  this  amount  $19,500,000  wa«  cotton  ;  home  pitmuce  and  home  manu- 
facture, $3,800,000. 

Amount  of  cotton  received  from  Septemlier  1, 1879,  to  June  30, 1880,  was  405,381  bales. 
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Number  of  steamboat  landings  at  Mempbis  during  twelve  montbs,  2,150.  Wharf- 
age tax  to  steamboats,  charged  i)y  the  city  for  twelve  months,  $30,000. 

The  collections  at  custom-bouse  in  Memphis,  Tenn.,  during  the  year  ending  June, 
1880,  are  as  follows : 

Duties  on  imports f  14, 554  2ii 

Hospital  dues  (marine) 1, 85.S  19 

Steamboat  inspection 1, 590  55 

Licenses  to  engineers,  pilots,  &c : 2, 770  00 

Total 20,767  97 

Population  of  Memphis  is  34,000. 

The  total  estimated  cost  of  this  improvement  was  $170,000. 

The  former  appropriations  are  as  follows  : 

Bv  act  approved  .June  18,  1878 $46,000 

By  act  approved  Marcb  3,  1879 37,0(H» 

By  act  approved  Jnne  14,  1880 15,000 

Money  statement 

.July  1,  1879,  amount  available $46,825  :I9 

Amount  appropriated  by  act  approved  .June  14,  1880 15, 000  00 

$61 ,  825  39 

July  1,  1880,  amount  expended  during  fiscal  year 30, 323  5f» 

July  1,  1880,  amount  available 31,501  8^ 

Amount  (estimated)  required  for  completion  of  existing  project 72, 000  W 

Amount  that  can  be  profitably  expended  in  fiscal  year  entling  .June  30, 1882 .     72, 000  0(> 


report  of  mr.  joseph  burxky,  assistant  engineer. 

United  States  Engineer  Office, 

Memphis,  Tenn,,  June  30,  1H80. 

Ma.jor:  I  have  the  honor  to  submit  the  annual  report  of  operations  in  the  protection 

of  the  Memphis  river  front  fur  the  year  ending  .June  30,  1680. 
In  my  "  -       -  -    -  - 

party 

At  this 

stage.  We  had  made  favorable  arrangements  for  obtaining  stone  from  the  Ohio,  and 
willows,  &c.,  from  up  the  nver,  tug  chartered  aud  flatboats  and  barges  engagwl 
when  the  yellow  fever  ajipeared  in  Memphis,  July  15,  1879,  and  we  were  compelled  to 
abandon  the  work. 

Our  orders  for  stone  were  countermanded  and  the  workmen  discharged.  The  tools, 
boats,  and  outfit,  belonging  to  the  government,  were  towed  30  miles  up  the  river, 
where  they  remained  until  the  fever  was  over. 

Immediately  after  the  city  authorities  officially  declared  the  fever  over, work  was 
resumed  under  very  unfavorable  circumstances;  the  low-water  season  was  nearly  oyer 
and  all  arrangements  had  to  be  made  anew.  We  were  considerably  delayed  in  obtAio- 
ing  stone,  which  had  to  be  brought  from  the  Ohio  River,  a  distance  of  over  500  miles, 
and  in  order  to  keep  the  workmen  employed  until  the  stone  arrived  we  had  to  use 
sacks  filled  with  earth,  which  are  not  suitable  for  sinking  the  mattresses  with ;  also 
during  the  time  we  were  at  work  the  river  was  steadily  rising  and  had  a  very  swift 
current. 

We  had  to  suspend  work  temporarily  at  times  on  account  of  high-w«iter  and  the 
work  was  entirely  suspended  February  19,  1880.  Since  that  date  no  work  has  been 
done  except  taking  care  of  government  property  and  repairing  buildings  and  mattres> 
ways  at  the  mouth  of  Wolf  River. 

The  work  of  protecting  the  river  bank  consists  in  the  construction  of  willow  mat- 
tresses and  sinking  them  along  the  river  front.  The  mattresses  were  conBtrnct<ed  a* 
described  in  my  last  annual  report,  and  it  takes  about  40  cubic  yards  of  stoue  to  sink 
and  properly  ballast  each  mattress. 

During  the  past  twelve  months  we  have  protected  1,300. linear  feet  of  river  frout. 
For  this  purpose  we  have  constnicted  and  sunk  30  mattresses,  each  130  by  55  by  2.5 
feet.     We  have  constructed  on  bank,  above  low-water,  600  linear  feet  of  shore  work^ 
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40  feet  wide,  2.5  feet  thick.   This  work  is  constructed,  like  the  mattress  work,  of  wi Uo ws^ 
aad  poles,  but  is  bailt  apon  the  bank  when  the  water  is  at  a  low  stage. 

Id  the  w^ork  we  have  used  2,760  cords  of  willow  brush,  7,520  cotton-wood  poles,  800 
white-oak  pins  4  feet  long  by  1  inch  diameter,  6,300  white-oak  pins  12  by  f  inches,  30- 
coils  of  No.  12  annealed  wire  64  pounds  to  the  coil,  1,154  cubic  yards  of  stone,  1,500 
sand  hags,  and  we  have  driven  50  cypress  piles  40  feet  long  and  1.5  feet  diameter. 

As  the  willow  mattresses  for  the  protection  of  caving  banks  on  the  Lower  Mississippi 
River  have  only  been  used  for  the  last  two  years,  aud  we  are  constantly  receiving 
iDquiries  as  to  the  benefit  derived  from  them,  in  order  to  show  clearly  the  result  of 
their  use  at  Memphis,  I  will  give  a  short  history  of  the  work  at  this  point  from  the 
commencenient. 

In  1876  the  Mississippi  River  was  fast  encroaching  upon  the  wharf  and  upper  river 
front.  In  three  years,  immediately  above  the  foot  of  Jefiferson  street,  it  had  caved 
back  over  350  feet,  taking  in  a  great  mauy  valuable  buildings,  and  was  steadily  caving 
at  the  rate  of  100  feet  per  year.  Above  Wolf  River  the  caving  was  at  the  rate  of  150 < 
feet  per  year.  A  great  amount  of  valuable  business  property  was  in  immediate  danger 
of  being  lost,  and  no  permanent  improvement  could  be  made  on  the  river  front. 

In  lOT  you  were  instructed  to  make  a  survey  of  the  river  front  aud  submit  a  project 
with  estimate  of  cost  for  its  protection.  The  same  year  you  submitted  a  report,  rec- 
ommending that  the  river  front  from  Frames  Chute,  above  Wolf  River,  to  the  eleva- 
tor, at  the  foot  of  Beal  street,  a  distance  of  7,600  feet,  should  be  protected  with  willow 
inattresses  from  10  feet  above  low-water  to  the  bed  of  the  river,  at  an  estimated  cost 
of  $170,000.     This  project  and  estimate  was  approved  and  $46,000  appropriated. 

The  front  to  be  protected  was  in  two  divisions ;  the  first  division  was  above  Wolf 
River  and  2,000  feet  long;  the  second  below  Wolf  River  and  extending  along  the 
front  of  Memphis,  being  5,600  feet  long.  Had  the  full  amount  been  appropriated  as 
>'on  recommended,  it  was  your  intention  to  protect  the  u{)per  division  first,  but  as  only 
a  small  part  of  the  appropriation  was  ma<le,  you  determined  to  begin  on  the  lower 
division,  on  which  was  located  some  of  the  most  valuable  property  on  the  river  front,, 
consisting  of  stores,  oil  mill^cotton  sheds,  railroad  depot,  &c.,  all  in  immediate  danger 
of  caving  into  the  river.  The  first  place  protected  was  the  old  navy-yard.  Forty 
rears  ago  the  navy -yard  formed  a  part  of  the  Mississippi  River  and  was  used  for  a  flat- 
l>oat  landing,  when  a  sand  bar  began  to  fonn  in  front  of  the  landing  and  pushed  rap- 
idly out  for  over  1,000  feet  from  the  old  bank. 

The  sand  bar  rose  to  a  considerable  height  above  low-water,  but  has  always  been 
TObject  to  overflow  at  a  high  stage.  Upon  this  sand  bar  the  United  States  Govem- 
ment  located  the  Memphis  navy-yard,  and  constmcted  upon  it  over  $1,000,000  worth 
of  baildin^  and  machinery.  Some  years  ago  the  yard  was  abandoned  and  the  ground 
sod  baildin^  given  to  the  city  of  Memphis.  Shortly  after  the  navy-yard  was  aban- 
doned the  nver  began  to  encroach  upon  it,  and  has  carried  away  over  400  feet,  and 
but  for  the  willow  mattresses  would  soon  regain  its  old  channel.  In  front  of  the  navy- 
yard  from  low- water  mark  to  the  bed  of  the  river  the  average  depth  of  water  is  from 
60  to  70  feet,  and  the  rise  and  fall  of  the  river  at  this  port  is  .%.75  feet.  July  15,  1878, 
active  operations  were  commenced.  We  had  succeedecf  in  making  all  necessary  arrange- 
ments, organized  our  working  parties,  constructed  work-shops,  mattress- ways,  &c., 
and  were  all  ready  for  sinking  mattresses  when  the  yellow  fever  appeared  in  Mem- 
phis, Aagnst  14,  and  we  had  to  suspend  operations  until  November  7,  when  the  low- 
water  season  was  nearly  over.  The  work  was  much  interrupted  by  the  risiug  water 
sod  heavy  drift-wood,  and  in  January,  1880,  the  river  was  entirely  covered  by  float- 
ing ice  and  the  work  had  to  be  suspended. 

Up  to  June  30, 1879,  we  protected  675  feet  of  river  front.  An  examination  was  made 
in  low-water,  with  the  following  result :  800  feet  above  our  work  it  had  caved  back 
150  feet,  graaually  growine  less  to  the  mattress  work,  where  no  caving  occurred  along 
the  675  feet  protect^.  Below  it  had  caved  a  little,  and  400  feet  below  the  cave-back 
was  52  feet.  May  20, 1879,  the  water  was  at  a  suitable  stage  and  work  was  continued 
ss  described  at  the  beginning  of  this  report.  Up  to  date  we  have  succeeded  in  pro- 
tecting 1,975  feet  of  river  front  extending  from  tne  mouth  of  Wolf  River  to  the  foot  of 
Poplar  street.  An  examination  was  made,  when  the  gauge  read  14  feet  above  low- 
water,  and  a  diver  made  an  examination  of  the  mattresses  under  water. 

It  was  found  that  all  the  mattresses  were  still  on  the  front,  but  about  four  had  been 
moved  a  little  out  of  position  down  stream  and  into  deeper  water  on  account  of  the 
«teep  bank  on  which  they  had  to  lie.  On  the  matresses  that  were  first  placed  down, 
at  their  outer  ends  there  was'  from  3  to  4  feet  of  solid  deposit,  while  all  were  com- 
pletely filled  level  with  deposit.  Of  the  whole  bank  protected  not  a  single  foot  has 
been  lost  with  the  exception  of  125  feet  by  10  feet  at  the  mouth  of  Wolf  River;  this 
was  caused  by  a  heavy  fireshet  in  Wolf  River  while  the  Mississippi  was  at  a  low  stage. 
The  freshet  on  striking  the  Mississippi  formed  a  large  whirlpool,  which  in  three  days- 
^<:oQied  oat  a  hole  70  feet  deep  from  a  depth  of  10  feet.  This  carried  out  to  deep  water 
two  of  our  mattresses.  Since  that  time  the  washout  is  fast  filling  up,  the  bank  can 
l»e  readily  repaired,  and  by  revetting  the  side  up  Wolf  River  the  danger  in  future  can 
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be  avoided.  While  there  has  been  no  caving  on  the  bank  protected  on  the  first  divis- 
ion above  Wolf  River,  where  no  work  has  been  done,  the  caving  has  been  great ;  800 
feet  above  our  work  the  cave  for  12  months  has  been  140  feet,  gradually  growing  less 
to  our  work,  where  the  cave  is  stopped.  Thus,  in  two  years  this  part  has  caved 
•off  nearly  300  feet.  Immediately  below  the  work  a  little  caving  took  place,  and  150 
feet  below  the  cave'  is  75  feet.  At  this  point  two  railroad  lines  and  railroad  depot 
firont  on  the  river,  and  in  order  to  save  tnem  from  caving  in  the  company  drove  over 
300  piles  40  feet  long  by  1.5  diameter,  at  a  cost  of  about  |7,000,  but  so  soon  as  the 
water  fell  the  bank  caved  in  and  is  now  undermining  the  railroad  depot,  while  where 
OUT  mattress  work  is,  about  150  feet  above  the  piles,  not  the  slightest  crack  or  sign  of 
caving  can  be  seen. 

Considerable  interest  has  been  taken  in  the  work  by  those  interested  in  protecting 
the  river  banks.  Some  time  ago  one  of  our  daily  newspapers  criticized  the  work, 
stating  that  some  of  the  mattresses  had  floated  off,  the  bank  caved  in,  and  willow 
matresses  for  the  protection  of  the  river  bank  a  failure.  This  I  immediately  denied 
•and  offered  them  every  facility  to  make  an  examination  of  the  work,  bnt  this  the; 
declined.  I  then  applied  to  some  of  our  most  prominent  and  practical  river  men,  who 
had  nearly  daily  seen  the  work  since  its  beginning,  for  their  opinion  of  the  work.  A* 
those  gentlemen  are  all  well  known  on  the  river,  I  give  a  few  of  the  lett-ers  received, 
showing  their  opinion  of  the  work  done  on  the  river  front. 

letter  of  superintendent  of  tmb  memphis  and  little  rock  railroad. 

Memphis  and  Little  Rock  Railroad, 
Office  of  Superintendent, 
Memphis,  Tenn.,  F^rnary  12,  188). 

Dear  Sir  :  My  attention  having  been  called  to  an  article  in  one  of  the  daily  pa})eri 
of  the  7th  instant,  purporting  that  the  track  of  the  Memphis  and  Little  Rock  Railroftd 
having  been  protected  by  ripraps  had  caved  in,  the  mattresses  having  taken  their 
departure  for  some  points  below.  I  beg  to  state  that  no  mattresses  were  ever  placed  in 
front  of  the  Memphis  and  Little  Rock  Railroad  depot  at  the  point  where  the  bsDk 
has  caved.  I  am  inclined  to  the  opinion  that  if  they  had  extended  that  far  the  bank 
would  have  been  protected. 
Yours,  truly, 

W.  E.  Smith, 
SnperifUendent. 
Mr.  Joseph  Burney. 

a 

I  give  below  letter  received  from  the  captains  of  the  harbor  tugs : 

letter  of  captains  of  the  harror  tugs. 

Memphis,  Tenn.,  Februimf  11,  1880. 

We,  the  nndei*8igned,  have  watched  the  mattress  work  since  its  commencement.    At 
first  we  thought  it  doubtful,  but  up  to  the  present  time  it  lias  succeeded  beyond  onr 
utmost  expectations.    We  have  seen  no  caving  of  the  bank  protected,  while  rapiil 
-caving  is  now  taking  place  both  above  and  below  where  it  is  unprotected. 

The  statement  in  the  Avalanoh  that  the  mattresses  in  front  of  the  Little  Rock  Rail- 
road had  floated  off  is  untrue,  to  our  knowledge.    That  point  was  nnprolected;  if  il 
had  been,  we  think  it  would  have  been  saved.    We  have  never  seen  a  mattress  float 
away,  and  believe  that  every  mattress  sunk  yet  remains  in  its  position. 
Any  assistance  we  can  render  you  on  the  work  will  be  cheerfully  given. 

W.  W.  Mainoault, 
Captain  Steamer  General  PierBon. 
N.  B.  McKeely, 

Captain  Tu^  OridU. 
L.  E.  Patton, 

Captain  JSig  ClareHee, 
M.  R.  McNeely, 

Captain  Tug  Dr,  Soto. 
Mr.  Joseph  Burnet. 

I  give  below  letters  received  from  property  owners: 

LETTER  OF  MR.   R.   P.   GLENN. 

Memphis,  February  11,  l^^- 

Dear  Sir  :  I  have  been  a  close  observer  of  your  work  in  placing  mattresses  on  the 
»river  front  of  Memphis,  and  have  felt  a  deep  interest  in  them.    I  am  convinced  they 
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viil  accomplish  the  end  in  view,  as  where  completed  the  banks  are  intact,  and  where 
the  work  has  been  only  partially  done  a  marked  improvement  is  shown. 

Where  the  mattresses  have  moved  at  all,  it  has  only  been  to  deeper  water,  thereby 
lieing  of  more  service.    But  for  the  one  at  my  warehonse,  I  am  convinced  my  walls 
wonld  ere  this  have  fallen  in ;  as  it  is,  the  walls,  the  bank  and  mattresses  are  all 
lutact,  just  as  when  placed ;  whereas  above,  where  there  are  none,  the  caving  is  seri- 
ous, the  same  as  at  the  railroad. 

R.  P.  Glenn. 

Mr.  JOSKPII  BURNKY. 

LETTER   OF    MESSRS.    BROWN  A  JONES. 

Memphis,  Tenn.,  February  9,  1880. 

In  the  past  few  years  we  have  lost  by  caving  banks  over  $30,000.  Since  the  mattresses 
have  been  placed  in  front  of  our  property  we  have  not  sustained  the  slightest  injury. 
We  are  interested  in  the  work,  and  have  watche4  it  carefully  since  the  commence- 
lui'tit,  and  up  to  the  present  time  the  work  has  been  very  successful,  and  hope  it  may 
continue  so. 

Most  respectfully. 

Brown  a  Jones, 

Coal  DealerSf  ^e. 
Mr.  Joseph  BrRNEY.  \ 

letter  of  union  cotton  compress  company. 

Office  Union  Cotton  Compress  Company. 

Dear  Sir:  In  answer  to  your  inquiry  as  to  what  effect  the  sinking  of  mattresses  in 
front  of  what  was  formerly  known  as  the  navy-yanl  property,  will  say,  before  you 
commeDced  the  great  work,  the  caving  in  or  washing  away  of  the  river  front  was 
about  100  feet  each  year.  Your  first  mattress  was  sunk  on  the  south  side  of  Wolf 
River,  where  It  enters  into  the  Mississippi  River,  and  has  efFectnally  checked  the  wash- 
ing away  of  the  embankment  at  that  point.  The  river  then  commenced  cutting  below 
the  mattresses,  but  since  you  have  sunk  mattresses  at  that  point  the  caving  has 
( «a«ed.  After  seeing  the  good  effect  of  your  work,  this  company  built  a  large  ware- 
houae  U^t  the  shipping  of  cotton,  near  the  river,  which  would  not  have  been  built  if 
the  caving  in  of  tne  landing  had  not  been  checked.  I  believe  the  sinking  of  mattresses 
will  preaerve  our  river  front,  and  if  carried  out  as  contemplated  will  give  Memphis 
ojie  of  the  beat  harbors  on  the  Mississippi  river. 

A.  Woodruff, 
President  of  Union  Coiion  Comprees  Company. 

Mr.  JOBRPH  BURNEY. 

As  a  further  proof  of  the  confidence  in  the  willow  mattresses  for  the  protection  of 
the  river  £ront,  action  has  already  been  taken  to  build  a  union  depot  for  all  the  rail- 
roads numiug  into  Memphis,  also  elevator,  and  large  cotton-sheds,  at  a  cost  of  over 
$150,000,  on  the  front  we  have  protected.  This  would  not  have  been  done  if  the  caving 
had  not  been  stopped. 

It  will  be  seen  that  the  work  has  been  done  under  great  difficulties.  We  commenced 
in  the  middle  of  the  caving  front  and  had  to  protect  a  sand  bank  readily  susceptible 
to  the  slightest  scour,  and  the  work  has  been  twice  interrupted  by  two  of  the  worst 
•epidemics  that  have  afflicted  the  South.  We  have  never  been  able  to  work  through  a 
iuv-wator  season,  vet  the  work  stands  as  if  it  had  been  done  under  the  most  favorable 
circnmatancea.  The  only  difference  is,  if  we  had  not  had  those  diffioulties  to  contend 
with,  we  could  have  protected  more  river  front  and  at  a  less  expense. 

In  your  report  matte  in  1877,  you  state :  ^*The  work,  if  once  commenced,  should  be 
coutlnaous.''  This  is  very  important,  as  we  are  in  the  center  of  the  caving  front,  and 
£rom  the  neat  caving  above  and  below,  if  the  work  is  not  poshed  vigorouBiy  on  to  the 
f'nd,  it  win  endanger  the  work  already  done.  I  would  respectfully  recommeiid  that  the 
amount  required  to  complete  the  work  be  applied  for,  and  I  believe  when  the  work  is 
completed,  Memphis  will  have  the  best  harbor  on  the  Mississippi  River. 
I  have  the  honor  to  remain,  very  respectfully, 

JoaSPB  BVRKBT. 

M%j.  W.  H.  H.  Bknyaurd, 

Corps  of  Engineers f  U,  S,  A, 
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O  22. 

WATER-GAUGES  ON  THE  MISSISSIPPI  RIVER  AND  ITS  PRINCIPAL  TRIBU- 
TARIES. 

Observations  were  continued  at  all  the  gauges  during  the  year.  Be- 
pairs  were  made  upon  those  at  Memphis,  Tenn.,  Helena,  Ark.,  mouth  of 
White  Eiver,  Ark.,  Lake  Providence,  La.,  Katchez,  Miss.,  Bed  River 
Landing,  La.,  and  Alexandria,  La. 

Owing  to  tne  yellow  fever  in  1878  and  1879,  and  the  strict  quarantine 
maintained  during  the  low- water  season,  it  was  found  impossible  to  have 
the  necessary  repairs  done  that  were  intended,  the  principal  part  of  the 
work  being  done  at  a  high  stage  of  water.  It  is  proposed  during  the 
low- water  of  this  year  to  make  a  thorough  examination  of  the  gauges, 
to  construct  new  ones  where  required,  and  to  place  them  all  in  gooa 
order.  • 

At  Alexandria,  La.,  the  standard  low-w^ater  has  been  changed  from 
1872,  2.60.  to  1879,  3.10. 

At  Little  Eock,  Ark.,  the  standard  low- water  has  been  changed  froin 
1864,  0.00,  to  IS-i  9,  1.00. 

Hydrographs  were  made  of  all  the  gauges,  but  retained  in  this  office. 

Copies  of  the  gauge  records  at  all  the  stations  for  the  year  are  trans- 
mitted. 

Money  statement 

July  1,  1879,  amount,  available $5,320  70 

Amount  appropriated  bv  act  approved  June  14,  1880 5, 000  00 

$10, 320  70 

July  1,  1880,  amount  expended  during  fiscal  year 3, 404  42 

July  1,  1880,  amount  available 1 6,916  28 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882. .       5, 000  00 


O  24. 

SURVEY  OF  THE  FALLS  ON  RED  RIVER,  NEAR  ALEXANDRIA,  LOUISIANA. 

United  States  Engineer  Office, 

MemphiSy  Tenn.y  December  20,  1879. 

General  :  I  have  the  honor  to  transmit  herewith  the  following  report 
of  the  survey  of  the  falls  of  Alexandria,  La.,  with  estimates  for  the  im- 
provement of  the  same,  made  in  accordance  with  the  act  of  Congress 
approved  June  18, 1878,  and  assigned  to  me  by  letter  under  date  of  July 
8, 1878. 

So  long  back  as  1840,  the  State  of  Louisiana  had  taken  the  subject  of 
the  improvement  of  the  fiftlls  of  Alexandria  under  advisement,  and  ap- 
propriations were  made  at  various  times  for  that  purpose.  The  work 
accomplished  consisted  mostly  in  the  removal  of  portions  of  the  rocky 
barrier  constituting  the  upper  and  lower  falls,  of  supposed  sufficient 
width  and  depth  to  allow  for  the  passage  of  the  largest  class  of  boats 
navigating  the  river. 

While  many  of  the  most  valuable  reports  of  the  State  engineers  upon 
the  matter  cannot  be  obtained,  the  board  of  State  engineers  of  Louisi- 
an€^  in  their  special  report,  in  January,  1874,  present  abstracts  from 
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such  as  could  be  collected  which  tend  to  give  a  history  of  the  various 
attempts  made  to  improve  the  locality. 

As  they  have  an  important  bearing  on  the  subject,  as  showing  the 
news  entertained  as  to  what  was  considered  the  best  methods  of  im- 
provements, I  will  quote  the  extracts  in  their  order  as  taken  from  the 
report  referred  to. 

In  Dunbar's  report  of  1840,  he  says,  in  regard  to  the  falls  at  Alex- 
andria: 

The  next  and  greatest  obstruction  to  the  low- water  navigation  \h  the  falls  at  Alexan- 
iiria.  This  obstractiou  consists  in  a  fall  of  three  feet,  at  lo  w- w  ater,  above  Bayou  Rapides, 
with  two  rapids  one  mile  above,  having  a  fall  of  one  foot.  The  rock  forming  the  bed 
of  the  river  consists  of  an  extremely  soft  and  friable  sandstone  slightly  impregnated 
with  marl.  The  stone  yields  readily  to  the  knife  or  any  hard  body,  and  may  be  crushed 
by  the  finger. 

Abont  fourt'een  hundred  feet  above  the  lower  falls  the  channel  divides,  one  (the  main 
channel)  running  over  to  the  eastern  and  the  other  keeping  close  to  the  western  shore. 
In  a  choice  as  to  which  of  the  two  channels  should  be  cleared  I  had  to  consider  two 
things— hrst,  the  comparative  expense  of  the  two,  and,  second,  the  beneficial  results  to 
be  produced.  If  we  cut  the  eastern  passage,  we  take  the  one  chosen  by  nature,  and, 
in  this  instance,  the  most  proper.  If  the  western,  we  throw  the  whole  force  of  the  cur- 
rent against  the  banks  upon  which  the  town  is  built,  and  might  cause  the  .destruction 
of  a  large  portion  of  the  town.  The  expense  is  in  favor  of  the  eastern  channel,  and  I 
shall  accoraingly  make  my  estimate  for  it.  The  profile  shows  the  section  of  the  bed 
of  the  river,  with  the  bar  or  beds  of  rock  which  it  will  be  necessary  to  remove.  The 
estimates  are  made  for  a  channel  sixty  feet  wide,  with  depths  of  six  and  eight  feet. 

Dunbar  considered  the  passage  giving  a  depth  of  eight  feet  of  water 
over  both  falls  as  preferable,  and  so  recommended  it,  the  estimated  cost 
being  $28,000. 

It  seems,  further,  that  the  legislature  made  an  appropriation  for  the 
work,  but  nothing  whatever  was  done,  as  it  seems  that  Dunbar  feared 
that  the  removal  of  the  barrier  would  injure  the  navigation  above.  He 
^ays: 

1  desire  to  submit  this  matter  again  to  the  consideration  of  the  board  and  t«  the  leg- 
isIatoTG,  and  I  was  impelled  to  this  course  from  a  fear  that  when  these  obstructions 
were  removed  at  the  {>oiiit  where  they  now  exist  new  ones  of  a  similar  character  would 
present  themselves  at  a  point  higher  up  the  river.  Such  is  the  opinion  of  many  per- 
^na  with  whom  I  conversed  on  the  subject,  and  who,  I  am  inclined  to  think,  have  a 
^'ood  knowledge  of  the  river.  A  fear  that  their  opinion  might  be  correct,  and  that  the 
expenditure  of  this  heavy  sum,  appropriated  at  a  time  when  our  State  was  so  much 
embarrassed  by  its  i>ecuniary  responsibilities,  might  be  made  without  a  corresponding 
benefit,  induced  me  t-o  incur  the  responsibility  of  postponing  the  completion  of  the 
contract ;  and  I  was  strengthened  in  the  propriety  of  this  course  fix>m  the  fact  that  no 
ii^ory  could  result  from  this  delay,  for  the  reason  that  the  work  can  only  be  done  when 
the  water  in  the  Red  River  is  low.  I  now  submit  this  matter  to  the  legislature  and 
yourselves  for  new  instructions. 

In  1852,  A.  D.  Woolbridge  says : 

A  canal  or  channel  should  be  cut  50  feet  wide  through  the  falls  at  Alexandria,  and  all 
the  water  thrown  into  said  channel  by  walls  laid  in  cement  upon  the  rocks,  across  the 
^>a1ance  of  the  river.  I  am  convinced  were  this  done  that  the  present  amount  of  water 
passing  over  the  falls  would  give  from  5  to  7  feet  depth  in  this  channel,  without  in  the 
iesBt  lowering  the  water  above.  In  fact,  that  we  should  have  better  water  in  this 
channel  than  we  now  have  on  the  bars  above  and  below.  The  bars  in  Red  River  can- 
not be  removed.  They  are  composed  of  quicksand,  with  one  or  two  exceptions,  and 
are  constantly  shifting  with  every  stage  of  water,  and  with  every  accidental  change 
nf  the  current.  In  many  places  the  only  practicable  channel  is  obstructed  by  fallen 
Umber  or  snaes.  Were  all  these  removed,  at  the  lowest  stage  of  water  the  navigation 
would  be  vastly  improved,  and  perhaps  never  entirely  suspended. 

In  1863,  in  the  report  of  George  W.  Morse,  State  Engineer,  we  finji : 

I  have  thought  it  quite  unnecessary  that  I  should  make  a  survey  of  the  falls  near 
Alexandria,  in  accordance  with  act  No.  80  of  the  last  legislature,  as  the  work  of  re- 
moving the  obstructions,  I  know,  was  going  on  under  the  superintendence  of  Colonel 
^  RiMRV,  the  ablo  engineer  appointe<l  by  the  commissioners.     I  presume  that  after 


1344  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

tlie  exiuninatioii  and  siirvoys  which  he  has  made,  he  will  bo  able  to  demonstrate  the 
utility  of  the  work  now  in  progress. 

A  stream  which  already  brings  to  market  abont  :)00,000  bales  of  cotton,  while  its  re- 
sources are  not  half  developed,  oue-half  of  which  at  least  pays  one  dollar  e3[tra  on 
account  of  the  obstructions,  without  counting  the  extra  cost  of  transporting  other  arti- 
cles, is  worthy  of  the  very  bt^st  improvement  which  can  l>o  adopted. 

It  seems  from  this  report  that  a  contract  had  been  made  with  Messrs. 
MaiUefort  &  Uaslorff,  of  New  York,  for  the  removal  of  a  portion  of  the 
rock,  with  what  success  is  shown  by  the  following  report. 

In  1854,  George  W.  Moore  says : 

It  is  probably  my  duty  as  State  engineer  to  call  the  attention  of  your  honorable  l)o<ly 
to  the  i>resent  situation  of  the  falls  in  Red  River  at  Alexan«lria,  iiud  to  the  genorally 
bad  condition  of  that  stream.  Commissioners  were  appointed  and  money  appropriated 
for  the  removal  of  the  falls  by  an  act  of  the  legislature,  approved  March  11,  1852.  In 
the  summer  of  185^)  an  attempt  was  made  to  blast  them  out  by  Messi-n.  MaiUefort  & 
Raslorif,  of  New  York,  which  certainly  did  not  improve  the  condition  «f  the  river,  and 
last  year  nothing  was  done,  notwithstanding  an  additional  appropriation  was  made  for 
that  purpose.  It  is  high  time  that  a  stream  which  now  brings  to  market  nearly  ou^ 
eighth  of  the  cotton  crop  of  the  United  States,  and  which  will  be  doubled  in  tlie  next 
ten  years,  should  be  relieved  of  such  an  embarrassing  impediment  to  its  navigation.  I 
have  not  yet  seen  any  reason  to  change  the  views  expressed  in  my  first  *auuual  report 
in  reference lo  the  necessity  of  locks  at  this  point,  except  as  to  their  location.  I  have 
had  a  goo<l  opportunity  during  the  last  summer  to  make  examinations  of  the  rock,  and 
have  such  samples  in  my  office  as  will  show  clearly  its  character,  from  which  I  judge 
that  a  crane  properly  arranged  for  dredging,  and  attached  t«  one  of  our  heaviest  Stat** 
boats,  would  without  difficulty  excavate*  the  required  channel  through  it.  The  rock  at 
the  falls,  when  wet,  can  be  easily  cut  with  an  ax  or  a  crowbar,  aud  if  the  8[Kxin  at- 
tached to  the  crane  should  meet  with  any  hard  substance  which  it  would  be  unable  to 
remove,  it  could  be  dislodged  with  powder  or  a  falling  bar  of  iron.  My  examiuatioii» 
have  convinced  me  that  there  is  room  enough  on  the  north  side,  in  the  bed  of  the  river, 
between  the  hill  and  the  low-water,  in  which  to  place  a  lock,  which  I  would  pro)>o^ 
to  constnict  partly  of  the  hardest  portion  of  the  rock,  and  the  rest  of  cast  iron,  the  gates 
of  which  to  be  high  enough  to  hold  the  water  2  or  3  feet  above  low- water  mark  only, 
so  that  when  the  river  was  up  they  should  be  open  and  entirely  covered.  Such  a  lock 
would  not  be  very  expensive  if  the  excavations  could  be  made  with  a  dredgeboat,  par- 
ticularly as  with  her  crane  she  would  deposit  the  earth  on  the  ontside,  so  as  to  form  a 
coffer-dam  in  the  shallow  water,  into  which  a  part  of  the  basin  might  run.  This  iui- 
pediment  costa  the  State,  in  advanced  prices  of  freight,  not  less  tUan  $300,000  upon  au 
average  per  year,  and  less  than  one-half  of  that  sum  would  remove  It.  A  lock  here,  and 
wing-dams  in  a  few  other  places,  and  light-draught  boat«  could  at  any  time  navigate  the 
river  from  its  month  to  Shreveport.  There  is  always  plenty  of  water,  and  all  that  wi> 
require  besides  the  lock  is  to  confine  it.  The  importance  or  the  stream  demands  more 
energetic  appliances  of  improvement.  The  low-water  of  1850  and  1854  should  not  dis- 
courage, but  rather  stimulate  our  exertions ;  for  a  judicious  expenditure  of  a  sufficient 
sum  to  construct  20  or  30  miles  of  railroad  would  carry  us  through  to  Shreveport  on  ^ 
feet  water  at  any  time  without  difficulty;  and  during  an  ordinary  low-water  aeasou, 
such  as  has  been  experienced  at  any  time,  except  in  the  years  1850  aud  1854,  we  could 
easily  obtain  4  feet.  Our  State  boat,  the  Governor  Hubert,  went  to  Alexandria  on  the 
23d  of  December,  1854,  at  the  very  time  when  the  water  was  lower  than  ever  before 
known,  and  we  are  sure  that  she  draws  3^  feet.  While  the  State  is  expending  milliouR 
upon  railroads,  why  should  it  not  employ  four  or  five  hundred  thousand  dollars  to  [trop- 
erly  improve  the  navigation  of  this  great  river,  which  must,- even  after  the  comple^iou 
of  the  roadfl,  continue  to  carry  to  market  nine-tenths  of  the  prodnce  of  the  valley,  even 
if  left  in  its  priasent  condition  f 

From  report  of  Louis  Hubert,  State  Engineer,  1856: 

Nothing  has  been  done,  I  beUeve,  during  the  year,  upon  the  falls  at  Alexandria.  In 
mv  annual  report  I  strongly  recommended  the  construction  of  looks  upon  one  or  the 
other  falls.  I  must  here  repeat  my  recommendations.  Nothing  else  wul  do ;  and  the 
large  commerce  of  Bed  River  (large  even  now,  and  increasing  so  as  to  be  at  some  day 
almost  incalculable)  warrants  any  outlay,  even  to  millions  ot  dollars. 

He  next  takes  into  consideratiqu  the  project  of  rendering  the  Bapid^^ 
and  Jean  de  Jean  a  canal  of  circumnavigation  around  the  falls,  and 
proves  that  four  locks  would  be  necessary  in  eacii  stream,  and  estimates 
that  each  lock  would  cost  no  less  than  $35,000, 

The  rise  of  Red  River  in  1849  being  41  feet  above  the  low-water  of 
1856,  the  locks  would  not  prevent  the  overflow  of  the  Rapides  country 
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From  the  reports  of  the  varioas  State  engineers  it  will  be  seen  that 
the  following  methods  of  overcoming  the  obstructions  have  been  pro- 
posed: 

To  build  a  lock  and  dig  a  canal  around  the  falls. 

To  oi)en  and  enlarge  the  Bayou  Kapides. 

To  remove  the  falls  or  cut  a  channel  through  tlie  rocks. 

To  contract  the  water- way  by  wing-dams. 

The  only  attempts  made,  however,  to  improve  the  falls  consisted  in 
cutting  away  a  portion  of  the  top,  and  also  cutting  a  channel  through 
the  rocks. 

lu  May,  1864,  the  fleet  under  Admiral  Porter  operating  with  the  arnry 
uuder  General  Banks  was  caught  by  the  low- water  above  the  falls,  and 
was  extricated  from  its  perilous  position  by  Colonel  Bailey,  engineer  of 
the  ^Nineteenth  Army  Corps,  who  built  a  dam  across  the  lower  falls, 
and  wiug-dams  upon  the  upper. 

The  CTcater  portion  of  Bailey's  dam  is  still  in  existence.  The  old  chan- 
nel leftby  him  through  the  middle  of  the  structure  is  still  open,  but  the 
river  has,  liowever,  worked  around  the  east  end,  causing  a  considerable 
erosion  of  the  banks  above  Alexandria,  and  making  a  channel  sufficiently 
wide  and  deep  as  to  constitute  the  main  channel  of  the  river. 

In  1874  Congress  directed  a  survey  of  the  falls  to  be  made  with  a  view 
to  the  improvement  of  the  locality,  and  the  work  was  assigned  to  Major 
Howell,  whose  report  will  be  found  in  report  of  the  Chief  of  Engineers 
tor  1875,  page  902  et  seq.  The  report  is  very  exhaustive  of  the  subject 
and  discusses  the  various  projects  entertained  for  the  improvement,  and 
recommends  the  building  of  a  dam  at  the  foot  of  the  upper  falls,  with  a 
lock  and  navigable  chute,  the  estimated  cost  being  $97,652.90.  For  full 
details  of  the  project,  reference  may  be  had  to  Major  Howell's  report  as 
above. 

In  the  survey  made  under  my  direction  by  Assistant  Engineer  W.  M. 
Rees,  Major  Howell's  map  was  taken  as  a  guide,  and  the  tracing  here- 
with is  from  that  map,  with  additional  soundings  and  cross-sections. 
The  character  of  the  rock  forming  the  falls  is  such  that  no  change  could 
result  from  the  action  of  the  water,  and  the  channel  over  the  upper  falls 
is  still  in  the  same  condition  as  above  reported.  The  additional  sound- 
ings and  references  are  noted  in  red;  those  of  the  old  are  in  black.  In 
addition  also  to  the  discharge  observations  I  caused  a  survey  of  the  river 
to  be  made  extending  up  to  Colfax,  twenty-five  miles  above,  with  sepa- 
rate surveys  of  the  various  shoal  places  at  present  existing. 

The  government  is  at  present  undertaking  the  improvement  of  Bed 
Hiver  irom  Fulton,  Ark.,  to  the  mouth,  in  the  removal  of  what  may  be 
termed  accidental  obstructions,  such  as  rafts,  snags,  &c. ;  also  the  clos- 
ing of  Tone's  Bayou ;  also  the  improvement  of  the  mouth,  which  latter  is 
at  present  under  consideration,  as  it  interests  not  only  the  navigation 
of  Red  River  and  its  tributaries  but  also  the  Atchafalaya  and  its  con- 
necting network  of  navigable  channels  and  bayous. 

Nothing  yet,  however,  has  been  attempted  in  the  way  of  the  improve- 
luent  of  the  various  bars  and  shoal  crossings  now  interrupting  naviga- 
tion, but  which  will  be  attempted  so  soon  as  sufficient  appro))riations 
are  made  to  carry  on  such  work.  The  improvement  of  the  falls  must 
oecessarily  constitute  another  work,  a  part  of  whatever  plan  may  be 
Copied  for  giving  good  low-water  navigation  in  Old  River. 

Now  regaling  the  depth  required  for  navigation.  Major  Howell,  in 
his  report,  states  that — 

The  depth  of  the  chaonel  over  the  upper  falU  (3  feet)  would  be  sufficient,  at  extreme 
low-water  fur  Much  vessels  as  cau  euga^e  in  the  low-water  tra«le  of  Red  River,  if  it 

85  £ 
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were  not  for  the  narrowness  of  the  channeli  its  abrupt  tnms,  the  velooity  of  the  current 
throngh  it,  and  its  rock  bottom. 

The  statement  as  to  the  sufficiency  of  depth  is  based  on  information  gained  from 
steamboat  men  who  have  for  years  been  engaged  in  the  Red  River  trade,  to  the  effect 
that  during  two  months  of  each  year  they  count  on  only  2  feet ;  for  two  months  more 
on  only  3  feet ;  and  for  the  remainder  of  the  year  on  excellent  navigation  from  the 
Mississippi  to  Alexandria.  From  Alexandria  to  Shreveport,  during  extreme  low- water, 
a  draucnt  of  2  feet  may  be  carried,  with  considerable  difficulty,  over  sand  bars  afford- 
ing a  depth  of  water  of  only  20  inches. 

When  there  is  5  feet  of  water  over  the  upper  falls,  8  feet  may  be  carried  from  them 
to  Grand  Ecore,  and  6  feet  to  Shreveport. 

Information  from  the  same  parties  was  to  the  effect  that,  with  the  water  in  the  river 
at  Alexandria  3  feet  higher  than  at  the  time  of  survey,  boats  suited  to  low-water  navi- 
gation of  the  river  are  able  to  pass  the  falls  without  trouble.  Three  feet  higher  would 
make  the  reading  on  the  United  States  gauge  at  the  beginning  of  this  navigable  stage 
^V  above  zero. 

On  this  latter  point  my  gauge  at  Alexandria  shows  that  fix>m  1872  to 
1879  there  were  the  following  number  of  days  upon  which  the  gauge 
reading  was  below  -j^,  and  that  consequently  the  navigation  over  the 
falls  might  be  considered  as  virtually  suspended — 

D»ys. 
1872. 

September 13 

October * 31 

November 30 

December 19 

Total  for  lt72 93 

1873. 

September 9 

October 15 

Total  for  1873 24 

1874. 

August 13 

September ". 30 

October 14 

November 21 

December 17 

Total  for  1874 "^ 

1875. 

July 7 

August 10 

October 7 

November « 2t* 

December 10 

Total  for  1875 e« 

1H76. 

September 3 

October ^^^.1*!!  31 

November '. !!!'!1II!!  30 

December !'.".!" '1*1!  31 

Total  for  1876 "^ 

1877. 

January 23 

August 11!.'..  16 

September 3() 

October 1. 1! !!..'...  22 

Total  for  1877 91 
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1876.  Days. 

October.-, 28 

November. 30 

December 8 

Total  for  1878 "^ 

1879.  • 

June i  2 

July 31 

August 31 

S?ptember 30 

October 31 

November 30 

December 20 

Total  for  1879 175 

Total  ftom  1872  to  1879,  inclusive 701 

Tbe  water  in  Red  Biver  since  the  survey  this  year  ha^  been  lower 
than  ever  known  before ;  my  gauge  at  Shreveport,  showing  a  stage  3.5 
below  the  low-water  of  1878,  and  2.5  below  the  low- water  of  1872.  At 
Alexandria  it  was  .5  lower  than  1872,  or  3.1  below  the  zero  of  the  gauge 
at  that  place.  From  Alexandria  to  the  mouth  not  over  20  inches  of 
water  could  be  found  upon  the  great  majority  of  bars. 

As  before  stated,  as  the  government  has  undertaken  to  improve  the 
navigation  of  Bed  Kiver,  the  improvement  of  the  falls  must  necessarily 
be  taken  into  consideration.  If  it  be  found  necessary  to  provide  for  the 
passage  of  the  upper  falls  by  a  dam  with  a  lock  and  navigable  chute, 
that  proposed  by  Major  Howell  I  deem  the  best  under  the  circumstances, 
requiring,  however,  an  enlargement  of  the  lock  for  the  size  of  boats  that 
could  navigate  the  river  when  there  is  a  5-foot  stage  of  water,  for  we 
find  among  the  boat6  the  Laura  Lee,  210  feet  long ;  £[ate  Kinney,  200 ; 
and  the  Jesse  E.  Bell,  225. 

Id  considering  the  method  of  improvement  by  cutting  a  channel 
through  the  upper  falls,  I  do  not  think  that  the  danger  of  draining 
the  pond  above  or  iiyuring  the  navigation  of  that  section  of  the  river 
need  at  all  be  apprehended.  The  obstruction  acting  as  a  dam,  the  back- 
water proportionately  increases  the  depth  over  the  bottom  and  tends 
to  improve  the  navigation  above,  but  Bed  Biver  being  a  sedimentary 
stream,  the  check  given  to  its  current  by  the  back-water  causes  the 
sediment  to  be  deposited  throughout  the  entire  distance  of  the  retarda- 
tion, and  it  is  possible  that  the  falls  shoal  rather  than  deepen  the  water 
above.  Upon  the  removal  of  the  obstruction  the  alluvial  deposits 
would  all  be  washed  out  by  the  increased  velocity  of  the  current. 

The  survey  made'by  Mr.  Bees  shows  that  the  average  fall  from  Col- 
fax to  the  head  of  the  upper  falls,  a  distance  of  24  miles,  is  .267  foot 
l)er  mile,  with  5  shoal  places  in  that  distance,  the  only  rocky  formation 
found  being  De  Loche's  rocks,  about  5  miles  below  Colfax.  These,  how- 
ever, project  from  the  bank,  and  there  is  a  good  depth  of  water  in  the 
river  at  that  locality. 

The  length  of  the  upper  falls  is  935  feet;  with  a  total  fall  (low- water 
slope  of  1874)  of  2.5  foot. 

The  length  of  lower  falls  is  500  feet ;  total  fall  (low-water  slope  of 
1W4)  is  .5  foot. 

Intermediate  reach,  4,565  feet ;  (low  water  slope  of  1874)  .5  foot. 

As  it  is  not  contemplated  to  cut  away  the  entire  ledge  to  a  sufficient 
depth  for  navigation  purposes,  but  only  a  channel  sufficiently  wide  for 

*  No^.  yet  completed. 
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the  passage  of  a  steamer  and  loaded  barge,  the  lowering  of  the  slope 
above  I  do  not  deem  will  be  sufScieut  to  affect  the  navigation,  and  the 
increased  velocity  will  not  be  great  enough  to  cause  any  great  addi- 
tional trouble  to  the  steamers. 

For  the  upper  falls  it  is  proposed  to  take  the  line  shown  on  the  trac- 
ing herewith  along  the  eastern  shore,  and  excavate  a  channel  so  as  to 
obtain  a  width  of  75  feet,  and  a  permanent  depth  of  4J  feet  below  the 
plane  of  low- water  of  1874 ;  as  at  this  latter  stage  there  was  a  scant  3 
feet  over  the  ujiper  falls,  the  bottom  of  the  cut  would  give,  say,  an  aver- 
age additional  cutting  of  1^  feet.  In  the  proposed  cut  it  has  been  the 
aim  to  take  advantage,  as  far  as  possible,  of  existing  depth  and  channel 
direction.    The  total  length  of  the  cut  is  1,150  feet. 

On  the  lower  falls  it  is  proposed  to  build  a  dam  with  the  rock  takeu 
out  of  the  cut  above,  from  the  point  above  the  cutting  on  the  Alexan- 
dria side  over  to  the  end  of  the  Bailey  dam,  and  allow  the  old  channel 
through  the  dam  to  become  the  new  one.  The  raising  of  the  water  sur- 
face above  the  lower  falls  by  this  improvement  will  tend  to  diminish 
the  fall  caused  by  the  cut  through  the  upper  falls. 

The  estimated  cost  of  this  improvement,   excavating  5,626   cubic 
yards  of  rock,  with  coflfer-dam,  &c.,  and  building  dam,  is  $39,945.60.. 
Yery  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaurd, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 


O   25. 

EXAMD^ATION  OF  YALLABUSHA  RIVER,  MISSISSIPPI. 

United  States  Engineer  Office, 

Memphis,  Tenn,,  Decetnber  20, 1879. 

General  :  I  have  the  honor  to  submit  the  following  report  upon  an 
examination  of  the  Yallabusha  Eiver,  Mississippi,  provided  for  by  act 
of  Congress  approved  March  3, 1879,  and  assigned  to  me  by  letter  of 
April  25, 1879. 

The  examination  was  made  by  Mr.  W.  M.  Eees,  assistant  engineer, 
whose  report  will  be  found  annexed,  and  was  made  with  a  view  of  de- 
termining the  character  and  extent  of  the  obstructions  to  navigation, 
with  estimated  cost  of  removal,  and  the  nature  and  extent  of  the  com- 
merce to  be  benefited. 

The  Yallabusha  is  a  small  stream  (estimated  to  be  about  90  miles  iu 
length),  and  has  its  source  in  Calhoun  County  Aft^r  flowing  through 
Grenada  and  Le  Flore  Counties,  it  unites  with  the  Tallahatchie  and 
forms  the  Yazoo  River.  The  examination  shows  that,  like  all  the  streams 
in  that  section  of  the  country  and  in  the  Yazoo  basin,  the  main  obstruc- 
tions to  navigation  are  snags,  sunken  logs,  and  leaning  timber,  the  re- 
moval of  which  constitutes  the  principal  work  to  be  carried  on  with  a 
view  of  improving  the  navigation  of  the  stream,  and  of  giving  increased 
facilities  for  the  shipment  of  cotton,  and  the  return  of  plantation  sup- 
plies, and  other  freights. 

The  country  through  which  the  Yallabusha  runs  is  very  sparsely  set- 
tled, and  in  a  number  of  places  the  land  adjoining  the  river  is  inundated 
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at  a  high  stage  of  irater.    The  shipments  are  mainly  from  the  planta- 
tions back  from  the  river. 

Under  the  present  condition  of  affairs,  Grenada  is  the  principal  ship- 
ping point,  from  which  place,  annually,  the  amount  of  cotton  shipped 
is  estimated  at  12,000  bales.  The  greater  portion  of  this  finds  its  way 
by  rail  to  i^^ew  Orleans.  The  shipment  by  river  last  season  amounted 
to  3,000  to  3,600  bales.  Were  the  river  improved,  no  doubt  the  greater 
lK)rtion  that  now  goes  by  rail  would  find  its  way  out  by  boat,  and  at 
reduced  rates  of  freight. 

In  the  present  condition  of  affairs  it  is  deemed  only  necessary  to  cut 
down  the  leaning  timber  and  remove  the  rack  heaps  and  the  most  dan- 
gerous snags.  For  this  purpose  no  snagboat  is  necessary.  During  the 
lowest  stage  of  water  a  party  can  be  sent  along  the  river  with  the  neces- 
sary tools,  &c.,  and  everything  can  be  cut  out. 

The  estimated  cost  of  this  improvement  is  $7,000. 
Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaued, 

Major  of  EngineerB, 

Brig.  Gren.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A. 


REPORT  OF  MR.  W.  MARi^UALL  REE8,  ASSISTANT  ENGINEER. 

Memphis,  Tenn.,  December  11,  1879. 

Major  :  I  have  the  honor  to  submit  the  foUowinj^  report  upon  an  examination  of 
Yaliabii8ha  River,  MissisHippi,  made  under  instructions  received  from  you  December 
2,18?9: 

On  December  3  I  proce«<led,  with  a  skiff  and  two  experienced  skiffmen,  to  Grenada, 
Mlw.  December  4  and  5  being  rainy,  I  started  down  the  river  on  the  6th  and  reached 
its  month  on  the  8th,  a  distance  which  I  estimate  to  be  about  90  miles. 

The  YaUabnsha  River  has  its  source  in  Calhoun  County,  and,  flowing  through  Gre- 
nada and  Le  Flore  counties,  unites  with  the  Tallahatchie,  to  form  the  Yazoo  River,  at 
a  point  four  or  five  miles  above  Greenwood,  Miss.,  and  about  260  miles  from  the  mouth 
ot  the  Yazoo. 

Five  miles  above  Grenada  it  receives  a  large  tributary  from  the  right  and  north  side 
called  Schooner  River,  and  immediately  above  the  town  another  large  tributary  called 
Bogne  Creek  comes  in  from  the  left  side.  Between  Grenada  and  the  month  there  are 
several  small  tributaries,  nearly  all  on  the  right  and  north  side.  Before  leaving  Gre- 
nada I  made  inquiries  from  prominent  citizens  both  as  to  the  navigation  of  the  river 
•  and  the  trade  and  resources  of  the  adjacent  coiuitry. 

During  the  winter  of  1878-79,  three  boats,  of  from  600  to  800  bales  (of  cotton)  ca- 
pacity, reached  Grenada,  one  boat  making  three  trips,  or,  in  all,  five  to  six  trips, 
which,  at  600  bales  per  trip,  gives  from  3,000  to  3,600  bales  carried  from  this  region 
la^t  year  by  steamboats.  The  total  amount  of  cotton  then  shipped  from  Grenada  was 
13,000  bales,  and  had  the  boating  facilities  been  sufilcient  fullv  one-half  would  have 
Wq  shipped  by  boat.    The  boats  also  bring  up  supplies  (provisions,  &c.). 

Prior  to  the  late  war,  boats  of  1,200  to  1,500  bales' capacity  reached  Grenada,  which 
place  has  generally  been  considered  the  head  of  steamboat  navigation.  Keelboats 
carrying  3%  to  400  bales  have  run  as  far  up  as  Graysport,  12  miles  above.  The  rail- 
road bridge  crossing  the  river  at  Grenada  is  a  bar  to  navigation  above. 

The  countrr  through  which  this  river  runs  is  sparsely  settled  near  its  banks;  in 
n^ost  places  the  land  is  subject  to  annual  overflow,  in  part  caused  by  back-water  from 
the  Yazoo  River.  The  overfloweil  district  extends  from  |  to  1  mile  inland,  where  hill 
or  rolling  country  is  reached,  much  of  which  is  settled,  producing  principally  cotton. 

At  about  30  or  35  miles  below  Grenada  the  hill  country  ends,  and  from  thence  to  its 
iQoatb  the  river  flows  through  a  flat,  bottom  country  for  60  miles,  nearly  all  of  which 
i&  overflowed  almost  annuaUy  for  miles  back  from  the  river. 

Along  the  entire  portion  of  the  river  examined  I  counted  10  clearings  and  six  or 
se^en  steamboat  landings.  As  the  river  was  reported  to  be  about  four  feet  above  low- 
w^ater  when  I  left  Grenada,  I  was  not  able  to  determine  the  obstructions  in  the  chan- 
1^1  with  as  much  accuracy  as  I  would  wish.    During  my  trip  down,  the  river  was 
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slowly  rising.    The  rise  at  Greenwood  on  Yazoo  River  was  reported  to  me  as  5  feet 
above  low-water  on  December  8. 

I  learned  from  several  sources  that  in  extreme  low-water  numerous  snags  are  shown, 
making  the  river  in  many  places  impassable  to  a  skiflT.  With  the  river  4  feet  above 
low-water  I  counted  150  snags  in  the  channel,  besides  ten  or  twelve  rack  heaps  (three 
or  four  of  the  largest  being  about  25  by  50  yards,  and  occupying  about  half  ttie  width 
of  the  river).  A  considerable  number  of  the  projecting  snags  appeared  to  be  branches 
of  trees  whicli  had  fallen  in  the  channel ;  many  can  he  readily  removed  by  cutting  up 
during  low- water. 

For  about  forty  miles  below  Grenada  the  banks  have  been  cleared  of  overhanging 
trees.  This  work  was  done  during  the  past  Rummer  at  an  expense  of  |600,  paid  by  the 
county  of  Grenada. 

Four  years  ago  the  grangers*  society  expended  several  hundred  dollars  on  siiuilar 
work.  Much  of  the  timber  and  brush  cut  last  summer  is  lodged  in  the  river,  the 
greater  part  of  which  will,  I  think,  go  off  during  high-water. 

On  the  lower  fifty-five  or  sixty  miles  there  is  considerable  overhanging  timber,  fonn- 
ing  obstructions  to  navigation :  they  are  oak,  willow,  sycamore,  and  some  few  cypres.^ 
mostly  of  medium  size.  Both  banks  of  the  river  from  Grenada  to  the  mouth  are  cov- 
ered with  timber ;  the  greater  portion  of  that  suitable  for  lumber  is  oak,  of  which 
there  is  a  large  quantity'.  At  a  few  places  where  the  bluffs  reach  the  river,  pine  is 
seen.    Near  Uie  mouth  is  some  cypress. 

The  width  of  the  river  at  the  present  stage  of  water  is  from  forty  to  sixty  yanls, 
in  a  few  places,  nearer  the  mouth,  reaching  seventy  to  eighty  yards. 

The  banks  to  a  height  of  ten  or  twelve  feet  are  in  general  steep,  caving  but  in  a  few 
places.  Owing  to  the  rapidity  with  which  the  water  falls  at  times,  boats  risk  run- 
ning to  Grenada  only  during  high-water  (six  to  ten  feet  above  low-water).  At  the 
present  stage  (four  feet)  there  is  a  good  current.  I  estimate  the  velocity  in  the  chan- 
nel at  from  two  to  three  feet  per  second,  or  one  and  a  half  to  two  miles  per  hour.  The 
count rv  passed  through  is  alluvial  with  more  sand  in  the  upper  part,  producing  from 
one-half  bale  of  cotton  in  the  uplands  to  one  bale  per  acre  on  the  bottoniK. 

A  part  of  the  hill  lands  is  much  broken  by  ravines  and  gullies,  caused  by  the  rain- 
waters, thus  making  a  considerable  poi'tion  unfit  for  profitable  cultivation.  Much  of 
the  hill  lands  are  said  to  bo  very  inferior  cotton  lands. 

The  freight  rates  on  cotton  from  Grenada  to  New  Orleans  are,  via  railroad,  $3.50  per 
bale ;  via  steamboat  last  winter,  |2.50  per  bale,  and  when  improvements  are  made  in 
the  river  the  steamboat  lines  agree  to  carry  cotton  to  New  Orleans  for  ^  per  bale; 
the  latter  is  the  present  price  from  Greenwood  on  the  Yazoo. 

In  conclusion,  from  lack  of  definite  knowledge  concerning  the  river  during  low- 
water,  I  do  not  feel  Justified  to  recommend  its  improvement  for  permaiient  naviga- 
tion. Still  I  am  of  the  opinion  that  a  small  sum  can  be  profitably  expended  to  remove 
sneh  obstructions  as  will  insure  the  safe  passage  of  boats  during  at  leaat  foar  months 
of  the  year,  which  time  the  water  is  said  to  to  three  or  four  feet  above  extreme  low- 
water;  such  improvements  to  consist  in  the  cutting  of  overhanging  trees  and  the 
removal  of  rack  heaps,  and  the  most  prominent  snags,  thereby  insuring  navigation  to 
small  boats.  I  therefore  recommend,  as  the  amount  that  can  be  profitably  expended, 
the  sum  of  |7,000. 

Very  respectfully,  your  obedient  servant, 

W.  Marshall  Rkks, 

A$fMtant  Enginttr,   f 

Maj.  W.  H.  H.  Bexyaurd, 

Corps  of  Engineers  J  U.  S,  A. 


O  a6. 

EXAMINATION  OF  TCHULA  LAKE,  MISSISSIPPI. 

United  States  Engineer  Office, 

Meinphinj  Tattn.,  December  20, 1870. 

General  :  I  have  the  honor  to  make  the  following  report  upon  the 
examination  of  Tchnla  Eiver  (or  lake,  as  it  is  called),  Mississippi,  with  a 
Tiew  to  the  improvement  of  the  same,  in  accordance  with  the  act  of 
Congress  approved  March  3, 1879. 

Having  the  snagboat  Meigs  in  the  Yazoo  and  in  the  vicinity  of  Tcbula 
Lake,  I  directed  Captain  Straszer  to  make  the  examination  of  the  stream. 
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Fram  big  report,  and  from  information  received  from  the  Mississippi  and 
Yazoo  Eiver  Packet  Company  in  regard  to  the  commerce  of  the  stream, 
tjaflicient  information  has  been  obtained  upon  which  to  estimate  for  the 
improvement. 

When  the  Yazoo  reaches  the  head  of  Honey  Island,  it  divides  itself 
into  two  branches — the  westerly  one  retaining  the  name,  the  Yazoo,  while 
the  easterly  and  narrower  branch  is  named  Tchula  Lake  or  Eiver.  The 
distance  from  the  head  to  the  foot  of  the  island,  where  the  two  branches 
again  unite,  is  about  80  miles. 

In  the  lower  river,  the  distance  between  banks  is  about  125  feet,  nar- 
rowing to  about  80  feet  proceeding  up  towards  Tchula  City,  about  40 
miles  distant  from  the  foot  of  the  island.  From  Tchula  City  to  the  bead 
of  the  island  the  width  between  banks  varies  considerably,  being  very 
narrow  for  the  last  few  miles.  It  is  only  during  the  existence  of  a 
moilerate  stage  of  water  that  boats  are  enabled  to  enter  and  navigate 
this  narrow  channel. 

The  principal  obstructions  to  navigation  consist  of  a  number  of  saw- 
yere  and  cypress  logs  in  the  lower  part  of  the  river,  and  leaning  timber 
all  the  way  from  the  foot  to  the  head  of  the  island  on  both  banks ;  also 
logs  stretching  out  from  the  banks,  some  of  them  partly  cut  off. 

The  country  along  the  river  is  highly  cultivated,  and  very  productive 
plantations  join  one  another.  The  amount  of  cotton  raised  is  estimated 
at  about  20,000  bales,  about  one-half  of  which  is  brought  out  through 
the  lake  when  there  is  sufficient  water  for  navigation,  and  the  remain- 
der is  hauled  to  the  Yazoo,  where  there  is  navigation  all  the  year  round. 
Were  Tchula  Lake  improved,  so  as  to  admit  boats  of  a  light  draught  to 
enter  earlier  in  the  season,  no  doubt  the  greater  portion  of  the  crop 
would  come  out  by  that  channel. 

The  work  of  improvement  will  consist  in  the  removal  of  the  snags, 
catting  oft'  the  outcropping  logs,  and  felling  the  overhanging  trees. 

As  the  work  could  all  be  done  in  one  low- water  season,  I  do  not  deem 
it  necesaary  to  provide  a  special  outfit  therefor,  but  to  charter  a  light- 
draught  steamer  with  the  necessary  machinery,  &c.,  such  as  I  had  on 
the  Sunflower  last  season,  and  operate  with  her. 

The  estimated  cost  of  the  work  is  $10,000. 
Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Bbnyatjrd, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Weight, 

Chief  of  UngineerSj  U,  8.  A. 


O  27, 

8uevey  of  the  mississippi  bivee  near  lake  concordia,  louis- 
una,  and  cowpen  bend,  ihssissippi,  looking  to  the  protec- 
tion of  the  harbors  op  natchez  and  vidalia. 

United  States  Engineer  Office, 

Memphis^  Tenn,j  Febriiary  17, 1880. 

General  :  I  have  the  honor  to  transmit  the  following  report  upon 
the  *' survey  of  the  Mississippi  River  near  Lake  Concordia,  Louisiana, 
and  Gowpen  Bend,  Mississippi,  looking  to  the  protection  of  the  harbors 
of  Natchez  and  Vidalia,''  as  provided  for  by  joint  resolution  approved 
Jane  28, 1879,  and  assigned  to  me  by  letter  from  the  department,  under 
fete  of  July  25y  1879. 
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Immediately  upon  the  receipt  of  the  iustructions  the  necessary  an^ange- 
ments  were  made  to  commence  the  survey  at  the  earliest  practicable 
date,  so  as  to  take  advantage  of  the  then  approaching  low- water  season 
as  affording  better  facilities  for  the  prosecution  of  the  field- work.  The 
party  was  organized  and  work  was  started  on  the  8th  of  August,  under 
charge  of  Mr.  W.  C.  Melvin,  assistant  engineer,  whose  report  is  trans- 
mitted herewith.  The  field-work  was  finished  October  8,  though  some- 
what delayed  in  the  earlier  stages  by  quarantine  regulations  and  by 
malarial  fevers  among  members  of  the  party. 

The  survey  along  the  Mississippi  River  extended  from  Rifle  Point  to 
Amelia  Landing,  below  Vidalia,  a  distance  of  about  15  miles,  with  vari- 
ous cross-sections  of  the  river,  levels,  soundings,  and  borings.  It  em- 
braced also  both  arms  of  Lake  Concordia,  the  head  of  Bayou  Cocodrie, 
and  the  adjacent  country.  It  was  made  with  a  view  of  determining 
the  danger  which  at  present  threatens  the  destruction  of  the  harbors  of 
Natchez  and  Vidalia  by  reason  of  the  possibility  of  the  Mississippi  cut- 
ting through  Giles'  Neck  and  also  into  Lake  Concordia,  and  to  present 
plans  with  estimates  for  the  prevention  of  the  same. 

From  the  map  it  will  be  seen  that,  after  leaving  Rifle  Point,  the  Mis- 
sissippi, turning  westwardly  (Giles'  Bend),  sweeps  around  Marengo  Bend, 
and  returning  almost  upon  itself  takes  another  turn  around  Cowpen 
Bend,  at  the  lower  extremity  of  which  is  situated  the  city  of  Natchez 
The  distance  around  the  Bend  is  about  9  miles,  while  across  the  neck  of 
land,  from  Giles'  Bend  to  Cowpen  Bend,  the  distance  (as  measured  at 
the  close  of  the  survey)  was  but  a  little  over  6,000  feet.  In  1868  it 
measured  3  miles.  This  neck  of  land  is  becoming  more  and  more  nar- 
row each  year  from  the  constant  caving,  due  to  the  eroding  action  of 
the  current  on  both  sides,  though  particularly  on  the  north,  or  in  Giles' 
Bend.  The  rapidity  with  which  this  caving  has  taken  place  lately  may 
be  judged  from  the  feet  that  during  the  survey,  from  the  20th  of  August 
to  the  7th  of  October,  the  bank  on  that  side  had  caved  away  in  a  straight 
line  394  feet.  Should  the  river  cut  through  this  neck  (and  the  imssibilitj 
is  that  it  will  do  so  at  no  great  future  time),  it  will  cut  away  the  Natchez 
bar  and  the  point  of  land  on  which  Vidalia  now  stands,  which  will  l>e 
followed  up  by  the  formation  of  a  bar  on  the  opposite  side  and  in  front 
of  Natchez. 

The  caving  in  Giles'  Bend  extends  from  the  light-house  iK)st  at  the 
head  of  the  bend  to  Dunham's  Bar  at  the  foot ;  this  caving  being  great- 
est about  the  middle  point,  where  it  is  constantly  going  in  by  a  gradual 
sloughing,  with  a  movement  almost  imperceptible  to  a  casual  observer. 
The  length  of  the  bank  caving  is  about  3  miles. 

The  caving  on  the  opposite  side,  or  Cowpen  Bend,  commences  about 
half  a  mile  below  Dunham's  Bar  and  continues  down  below  the  Natchez 
light-post,  the  measured  distance  being  about  3  miles.  .  The  heaviest 
caving  is  from  the  mouth  of  the  small  bayou  that  drains  Giles'  Neck 
down  to  the  light-post.  This  neck  of  land  I  consider  the  most  impor- 
tant in  connection  with  the  protection  of  the  harbors,  and  is  the  first 
point  to  which  any  remedy  should  be  applied  looking  to  the  protection 
of  the  water  fronts  of  Natchez  and  Vidalia. 

There  seems  to  be  some  ai)prehension  that  the  Mississippi  will  cut 
into  Lake  Concordia.  This  arises  from  the  caving  taking  place  around 
the  entire  length  of  Marengo  Bend,  from  the  foot  of  Rifle  Point  Bar  to 
the  head  of  Natchez  Bar,  a  total  distance  of  about  7  miles.  At  two 
points  the  caving  goes  on  by  constant  and  gradual  sloughing;  the  first, 
at  the  old  inlet  to  Lake  Concordia,  at  Bullitt's  Bayou;  the  second,  1  mile 
below,  at  the  old  bed  of  Grassy  Lake.    All  the  other  parts  of  the  bank 
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cave  upon  a  falling  river,  when  the  diflferent  strata  of  sand  composing 
the  bank  have  been  washed  out,  causing  the  superincumbent  mass  to 
tumble  into  the  river. 

The  caving  is  due  to  the  eroding  action  of  the  Mississippi  current, 
which,  after  leaving  Giles'  Bend  above,  crosses  to  the  Louisiana  shore 
and  runs  with  its  greatest  force  along  the  upper  part  of  the  bend,  par- 
ticularly at  the  old  head  of  Lake  Concordia.  The  distance  from  the 
inner  bank  to  the  lake  here  is  about  800  feet.  There  is  some  possibility 
of  the  river  making  its  way  through  the  lake  again  at  this  point  at  high 
water.  It  is  more  probable  that  in  the  event  of  continued  caving  the 
high-water  will  pass  through  the  low  grounds  near  the  old  track  of  Bul- 
litt's Bayou  toward  the  Marengo  swamps,  and  into  the  lake  at  the 
Waterloo  and  Marengo  breaks,  this  course  being  much  the  shorter. 

The  bank  has  caved  in  the  vicinity  of  Bullitt's  Bayou  in  the  past  three 
yeai^  upwards  of  1,800  feel ;  about  a  mile  and  a  half  below  the  average 
caving  up  to  last  j'ear  was  about  800  feet  a  year  for  several  years  past. 
Last  >ear  it  showed  quite  a  decrease  in  the  rate,  and  seemed  to  be 
checking  up.  The  remainder  of  the  bend  has  been  caving,  but  seems 
to  be  on  the  decrease. 

Should  the  caving  continue  in  the  middle  of  the  bend,  there  seems  to 
be  some  danger  of  high-water  also  going  through  the  low  land  at  that 
part  of  the  willow  swamp  known  as  Grassy  Lake.  It  would  be  in  the 
immediate  track  of  the  water  from  several  crevasses  that  have  occurred 
in  the  levees  since  1860.  The  cross-sections  show  the  extent  of  the 
damage  by  washing  and  the  facilities  created  for  a  rapid  flow  from  the 
river  to  the  break  at  this  point.  This  water  would  flow  into  Bayou 
Cocoilrie,  which  leads  out  from  the  south  arm  of  Lake  Concordia  into 
Black  Biver  some  few  miles  above  its  junction  with  Red  River,  and 
would  tend  to  keep  the  Black  and  Tensas  rivers  continually  in  an  over- 
flowed condition  during  high-water  in  the  Mississippi. 

The  danger  to  be  apprehended  from  the  river  cutting  into  Lake  Con- 
eonlia  I  believe  to  be  ovei'estimated.  At  high- water  it  would,  as  stated, 
overflow  the  Black  River  swamps  through  Bayou  Cocodrie.  This  could 
be  remedied  by  damming  this  bayou  at  its  head  and  building  a  levee 
from  thence  to  Rifle  Point  levee  along  the  south  arm  of  Lake  Concordia. 
The  height  of  this  levee  would  be  about  5  feer,  and  the  total  length  about 
9  miles.  The  tendency  of  the  flood-waters  would  be  to  fill  up  the  lake 
from  the  deposition  of  sediment,  while,  as  the  waters  receded,  the  ten- 
dency would  be  to  dmin  the  greater  part  of  the  lake. 

For  the  protection  of  the  harbors  of  Natchez  and  Vidalia,  it  is  recom- 
mended that  the  remedy  be  first  applied  to  the  caving  bank  in  Giles' 
Bend.  Instead  of  any  system  of  spurdikes,  &c.,  I  would  i)ropose  to 
revet  the  caving  bank  with  brush  and  stone,  such  as  has  been  applied 
to  other  caving  banks  on  the  Mississippi  River.  The  length  of  the 
caving  bank  in  Giles'  Bend  needing  protection  is  15,800  fei't. 

The  length  of  the  bank  needing  protection  around  Marengo  Bend  is 
about  7  miles,  a  long  distance,  and  therefore  must  necessarily  be  ex- 
pensive. It  is  i)ropo8ed  to  adopt  the  same  method  of  protection  as  in 
GOes'  Bend. 

As  the  opposite  side  of  Giles'  Neck,  that  is,  Cowpen  Bend,  is  not  cav- 
ing to  such  an  extent  as  to  warrant  any  apprehension  of  serious  dam- 
age to  the  harbor  of  Natchez  at  the  present  time,  it  is  not  deemed 
necessary  to  recommend  any  improvement  of  that  bank  immediately, 
bat  await  the  result  of  the  work  in  the  bends  above.  It  is  possible  that 
at  some  future  time  work  may  have  to  be  continued  along  this  bend  also. 
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ESTIMATES. 

For  protection  of  GileH*  Bend  with  brush  and  stone  revetment,  15,800  feet, 
at  $18  i»er  foot $284,400 

For  protection  of  Marengo  Bend  with  brush,  &c.,  about  :)6,400  feet,  at  $18 
per  foot 655,200 

The  maps  are  not  all  finisbed  yet,  but  I  deemed  it  test  to  forwaixl  the 
reiK)rt  in  time  for  action. 

Verj'  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaurd, 

Major  of  Engineers, 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A, 


KKI»ORT  OF   MR.  W.    C.    MKLVIN',    ASSISTANT  ENGINEER. 

Sir:  I  have  the  honor  to  submit  a  report  of  my  operations  in  and  near  the  Nati'ibex 
Harbor. 

I  commenced  work  in  the  fiehl  on  the  -th  day  of  August,  1879,  having  brought  with 
me,  from  New  Orleans,  H.  K.  Hodges,  assistant  engineer,  as  leveler;  Hiram  Henry, 
rodman ;  Charles  O'Dowcl  and  Frank  Walgamoth,  as  cliainmen ;  John  Hodge,  boat- 
man ;  and  Richai'd  Concry,  as  camp  cook. 

On  arriving  at  Natchez  I  found  we  would  not  be  permit t>ed  to  land  anywhen^  near 
the  town,  or  to  hold  communication  with  its  inhabitants,  and  I  tixed  camp  at  Bullitt^ 
Bayou,  it  being  about  the  most  central  point  for  work.  I  ran  a  base-line  north  4^  55' 
east  from  a  stake  set  on  the  top  of  Mareu'^o  levee,  4  >  feet  from  the  brink  of  the  river 
bank,  across  the  Mississippi  River  to  Dunham's  Bar,  1o  the  bank  of  the  river  again, 
the  line  being  12,750  feet  from  Station  0  to  Station  1.  The  line  continued  south  4^  55' 
west,  from  0  to  the  south  bank  of  Lake  Concordia,  3,873  feet.  This  line  forms  a  base- 
line for  all  work  and  divides  it  into  an  east  and  west  division.  The  lines  of  traverse 
all  start  ft-om  this  line ;  the  level  lines  also.  Tlie  east  line  starts  from  Station  0 
and  runs  down  the  river  to  Station  44,  near  the  Amolia  gin  house,  below  the  towu  of 
Yidalia,  and  the  end  of  the  survey  down  stream. 

The  west  line  starts  from  the  same  station,  0,  and  nins  up  stream  to  Bullitt^s  Bayon 
at  Station  62;  then  across  the  head  of  Lake  Concordia,  to  Good  Hope  road ;  then  re- 
crossing  an  arm  of  the  lake  to  VidaFH  Island,  and  down  the  north  side  of  the  island 
io  Sahara  Ferry ;  and  crossing  the  south  arm  of  the  lake  again  connects  at  Station  28 
•f  south  bank  lake  line. 

On  the  land  lying  betwe4»n  the  river  and  the  lake,  many  lines  were  run  for  topo- 
graphical purj^oses  and  location  of  some  of  the  more  prominent  slonghs  and  bayoan, 
and  to  determine  the  extent  of  the  swamps. 

Several  lines  were  cut,  to  make  accurate  cross-sections  from  the  lake  to  the  river  at 
points  at  which  the  river  will,  if  not  checked,  go  through  to  the  lake.  The  most 
notable  is  the  line  from  the  Waterloo  break  to  Station  3*i,  west  line.  These  lines,  au 
in  fact  almost  all  of  my  work,  were  a  tiresome  distance  from  camp,  and  I  deemed  it 
economy  to  employ  a  wa^on  and  t'eam  for  carrying  us  back  and  forth.  I  could  nae 
eur  own  skiff  for  some  of  it,  but  not  all. 

Mr.  Hodge^s  death  was  a  drawback  on  the  progress  of  the  work.  It  seemed  at  the 
time  that  the  whole  of  my  partv  from  New  Orleans  would  be  down  sick.  The  two 
colored  men,  Hodge  and  Concry,  I  was  compelled  to  send  back,  one  of  them  (Concry), 
I  learned  since,  died  of  malarial  fever ;  Walgamoth  is  also  still  sick  with  the  same  dis- 
ease in  New  Orleans ;  add  to  it  all  the  rains  and  quarantine.  I  was  under  many  disad- 
vantages. On  the  5th  of  September  I  engaged  Cantain  Aaams,  of  Natchez,  to  take 
the  place  of  Mr.  Hodge.  He  has  been  with  me  all  tlie  time  since,  and  very  satisfacto- 
rily performed  the  duties. 

On  the  14th  of  October^  having  no  longer  any  use  for  them,  I  discharged  Hiram 
Henry,  rodman,  and  all  or  the  axmen  and  flagmen,  and  retained  in  camp  0*Dowd, 
Doherty,  and  Brewerton.  and  the  cook,  Phil.  Cunningham. 

Aft«r  a  brief  history  ox  the  operations,  as  above  reported,  it  is  proper  to  give  yon  a 
statement  of  general  features  of  ground  and  river  embraced  in  this  survey,  commenc- 
ing with  Gile.?  Band  and  Swamp,  both  occupying  a  very  important  place  in  any  fa- 
tore  work  that  may  be  done  in  connection  with  nie  improvement  of  the  Natchez  and 
Yidalia  harbors.  The  bend  is  on  the  Mississippi  shore,  and  forma  the  river  bank,  curv- 
ing around  Rifle  Point  Bar,  and  ends  at  the  up-stream  end  of  Dunham's  Bar,  in  front 
ofuiles'  Swamp ;  and  that  you  may  the  better  understand  the  position  of  both  bend 
and  swamp,  I  will  commence  at  the  lower  part  of  it. 
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At  a  point  bearing  north  30^  oO^  east,  from  Light-Post  Station  21  east  line^  to  j»take 
on  top  of  bank,  on  a  line  bearingnorth  15^  west,  across  Giles'  Swamp  to  Giles'  Bend 
is  6,408  feet  from  bank  to  bank.  The  same  line,  if  measured  in  1856,  would  have  meas- 
nred  a  little  less  than  three  miles.  All  the  changes  have  been  at  the  north  end  of  the 
line^  and  the  river  is  to-day  passing  over  the  same  bed  that  it  did  fifty  years  ago.  The 
cotton -wood  trees  growing  on  both  banks  are  abundant  proof  of  this.  The  neck  of 
land  that  this  line  crosses  is  called  Giles'  Swamp,  and  the  bend  it  starts  from  is  Cow- 
pen  Bend. 

The  appearance  of  the  soil  has  all  the  appearance  of  the  slow  filling  up  from  slow 
moving  water  from  the  Mississippi  River,  depositing  fine  sand  and  vegetable  decom- 
poHttion,  and  is  extremely  friable.    The  more  north  we  go  the  greater  evidence  we 
find  of  a  former  swamp.    In  the  bed  of  the  sloughs  are  occasional  cypress  trees,  bat 
not  of  a  veiy  old  growth.    On  the  north  limit  of  the  line,  Giles*  Bend,  the  banks  cave 
or  rather  slide  oflTfrom  the  top  down  to  the  water,  moving  outward  at  the  same  time, 
and  the  earth  is  washed  awav  by  the  current.    This  movement  is  continually  going 
on,  the  bank  showing  a  regular  succession  of  steps  from  the  water  edge  to  the  top  of 
the  bank.  2  to  3  feet  high,  and  2  to  10  feet  on  top.     Some  of  the  more  rapid  slides 
bring  to  tne  light  cypress  stumps  from  10  to  15  feet  below  the  surfa-ce.    These  are  now 
the  only  evidence  of  it  having  once  been  a  cypress  break,  for  all  through  the  neck  of 
lind  are  growing  cottonwood  trees,  some  4  feet  in  diameter,  hackberry  and  ash  of  a 
very  old  growth ;  the  soil  on  the  surface  nowhere  showing  the  buckshot  of  the  swamp, 
hat  has  tne  ashen  gray  mellow  soil  always  found  in  deposit  of  river  silt  remote  from 
the  point  of  overflowing  banks.    The  rapidity  of  the  caving  in  Giles'  Bend  may  be 
computed  from  the  observation  on  the  line.    On  the  20th  of  August,  I  set  a  prelimi 
Dary  flas  for  a  point  of  triangulation,  and  marked  a  tree  due  south  from  it,  625  feet> 
the  flag  being  10  feet  from  the  edge  of  bank,  and  on  the  seventh  of  October  the  flag 
was  gone,  and  the  distance  from  the  tree  to  the  bank  was  241  feet  on  the  same  line, 
showing  that  394  feet  of  bank  had  gone  in  the  river.    I  describe  this  point  with  mi- 
nnteness  of  detail  that  you  may  more  readily  comprehend  its  importance  in  any  im- 
provement contemplated,  for  I  think  it  the  most  important  point  in  the  survey,  and 
the  real  point  of  danger  to  the  harbor  of  Natchez.    Should  the  river  wear  its  way 
through  this  point,  as  it  will  at  no  distant  time,  itfl  course  will  be  to  the  east  of  the 
lioe  toward  the  bluffs,  and  the  rebound  must  cut  away  the  Natchez  Bar  and  the  point 
of  land  on  which  Vidalia  now  stands.    This  will  be  followed  by  the  inevitable  sand- 
bar on  the  opposite  shore,  commencing  near  the  light-post  and  extending  to  Rocky 
Point,  below  Natchez. 

While  describing  the  character  of  Giles'  Bend  and  Swamp,  I  have  said  but  little  of 
points  west  of  the  line  between  the  two  points  of  starting  and  ending,  the  shore  being 
a  sanfl-bar  called  Dunham's  Bar,  from  the  north  end  of  base-line  to  Cowpen  Bend. 
At  the  south  end  of  Giles'  Swamp  line  the  bar  needs  no  special  description,  and  the 
Mil  and  bank  from  the  lower  point  of  bar  for  half  a  mile  are  nearly  stationary,  cav- 
ing very  little  at  the  upper  end,  and  increasing  a  little  all  the  way  down,  then  down 
to  the  light-post  at  the  old  corral  the  caving  increases;  average  distance  from  the 
shore  to  Uie  bluff  is  about  300  yards,  at  some  points  much  less,  at  others  more.  Tho 
greatest  amount  of  cave  during  the  progress  of  this  survey  has  been  directly  opposite 
otatlon  27y  east  line.  From  August  12  until  October  10  it  was  73' feet,  sliding  cave }  at 
other  points  the  caving  is  by  crumbling  from  the  top  and  washing  at  the  water-line. 
At  the  light-post  also  the  caves  are  crumbling,  going  on  at  a  lessening  rate  until  we 
eome  to  the  Dark  spur  dike  at  the  head  of  a  ledge  or  soapstone-like  formation  above 
Brown's  Saw-mill.  This  ledce  is  7^  feet  above  the  low- water  line  (1872)  on  the 
Natchez  gauge,  and  leaving  tne  bank  at  an  angle  of  7^^  extends  below  the  lower  spur- 
dike  (there  are  three  of  them),  the  whole  length  of  ledge  being  725  yards,  with  occa- 
nonal  breaks  through  it.  Ifiim  the  upper  spur- dike  down  to  the  rocky  point  below 
Natchez  the  foot  of  the  bluffs  forms  the  shore  line :  the  bluffs  being  of  a  composition 
Aat  will  resist  the  wearing  power  of  the  ^ater  tor  many  years.  The  rocky  point, 
^hich  has  a  very  gradual  slope  far  into  the  river,  is  composed  of  thin  layers  of  con- 
glomerate rock,  gravel,  and  sand,  with  slight  mixture  of  clay.  This  is  as  far  down 
the  river  as  it  is  useful  to  carry  the  survey  on  the  Mississippi  bank. 

Commencing  a  description  of  the  bank  on  the  Louisiana  shore  at  the  foot  of  Rifle 
Point  Bar,  I  will  describe  the  dangerous  points  as  they  are  reached. 

At  the  point  of  starting,  the  foot  of  the  bar  is  slowly  extending  down  the  river 
MJWMd  Good  Hope  Landing,  with  nearly  stationary  banks.  The  current  leaving  the 
MiMissippi  shore  has  crossed  to  the  Louisiana  shore,  and  runs  with  its  greatest  force 
at  the  head  of  the  old  bed  of  Lake  Concordia,  above  Bullitt's  Bayou.  This  old  bed  of 
the  river  and  lake  is  covered  with  a  growth  of  willow  trees,  some  of  them  2  feet  in 
JiMneter;  the  soil  of  a  loose  ashy  appearance  10  to  15  feet  below  the  surface,  then  a 
blue  clayey  substance  that  dissolves  rapidly  where  ninuing  water  comes  in  contact 
^th  it,  this  stratum  varying  in  depth  from  5  to  12  feet;  under  this  is  a  more  tena- 
tions  formation,  of  nearly  the  same  color,  varying  in  thickness  from  5  to  8  feet;  then 
««  treacherous  composition  of  sand  and  whitish  clay,  forming  quicksand.    Caving 


1356  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

here  is  going  on  very  rapidly  at  this  time,  and  is  only  checked  by  the  hard  vegetable* 
decomposition  in  the  old  bed  of  Bullitt's  Bayou.  Tliis  now  forms  a  spnr-dike,  break- 
ing the  force  of  the  current  and  forming  a  gVeat  eddy  below  it  that  is  washing  awaj 
the  alluvial  bank  below  it  for  400  yards.  There  is  some  danger  of  the  river  makin^; 
its  way  throagh  to  the  lake  again  after  an  absence  of  some  centuries,  though  I  do  not 
<}onsider  this  a  near  termination.  A  greater  probability  is,  that  in  the  event  of  con- 
tinued caving  the  river  will  pass  through  the  low  grounds  near  the  old.  track  of 
Bullitt's  Bayou  towanl  the  Marengo  Swamps,  and  enter  the  lake  at  the  Waterloo  and 
Marengo  breaks,  this  course  being  much  the  shorter. 

The  banks  from  Bullitt's  Bayou  (station  61,  west  line)  to  the  edge  of  the  willow 
8 warn]) — a  part  of  what  was  called  Grassy  Lake — is  contimtally  crumbling  off,  dowu 
to  Station  49,  west  line;  below  this,  down  to  Station  32,  the  lower  limit  of  the  willow 
swamp,  is  a  continuous  sliding  bank,  setting  gradually  in  regular  steps;  as  it  washen 
away  from  thi*  water  edge  another  break  aopears  at  the  top  of  the  bank.  The  soil 
here  has  mnch  the  appearance  as  at  the  head  of  Lake  Concordia,  except  that  the 
depth  of  the  ashy-looking  deposit  above  the  original  bed  of  Grassy  Lake  is  greater, 
it  varying  from  10  to  20  feet  below  the  surface ;  underlaying  it  are  the  same  layers  of 
clay,  in  gi-eater  or  less  stages  of  perfection ;  then  the  quicksand,  with  transpiration 
water  oozing  through  from  the  lakes  and  water-holes.  This  swamp  has  its  limits  well 
defined  by  the  timber  growing  on  and  around  it.  It  is  surrounded  bv  the  usual  kind> 
of  trees  growing  in  the  wooded  lands  here,  say,  cottonwooil,  ash,  hackberry,  and  gnin, 
with  the  Cottonwood  predominating,  while  in  the  lake  bed  are  willows  ouly,  none  of 
them  more  than  8  inches  diameter.  A  profile  of  the  surface,  on  a  line  having  thf 
direction  of  the  point  of  swamp  most  distant  from  the  river  to  a  levee,  will  show  the 
general  surface  level. 

There  is  some  danger  of  the  river  going  through  to  the  lake  at  this  swamp.  It  \» 
in  the  immediate  track  of  the  waterllow  from  several  crevasses  that  have  broken 
through  the  levees.  Sinc«  1860  the  lands  have  been  much  washed  out.  A  crosis* 
section  from  Station  32  to  Lake  Concordia  to  a  point  150  feet  below  the  great  Water- 
loo break — in  the  lake  line  of  levels,  north  bank — will  show  the  extent  of  damage  hv 
washing,  and  the  facilities  created  for  a  rapid  flow  from  the  river  to  the  lake,  at  thi^ 
point  alone,  with  a  very  strong  probability  that  the  Bayou  Cocodrie  would  soon  In- 
come enlarged  to  an  extent  that  would  keep  the  Black  and  Tensas  rivers  constantly 
in  an  overflowed  condition  during  hi^h-water  in  the  Mississippi  River. 

From  this  point.  Station  32,  west  line,  to  the  light-post.  Station  21,  east  line,  near 
the  foot  of  Lake  Concordia,  constant  caving  is  going  on ;  tno  same  formations  exitit  in 
the  soil — the  old  sand-bar,  upper  stratum,  buckshot ;  below  it,  sand ;  then  the  grayish 
bine,  half-formed  clay ;  then  quicksand. 

From  Station  21,  down  to  .'^,  Natchez  sand-bar  extends;  below  this,  to  Station  •^. 
the  bank  is  stationary.     Station  40  is  opposite  Rocky  Point,  and  on  a  stationary  bank: 
thence,  down  to  lower  end  of  Arnolia  Pasture,  is  a  slightly-caving  bank,  and  is  the 
ower  end  of  this  survey. 

From  Station  44,  near  the  Arnolia  gin-house,  I  ran  a  line  of  levels  for  a  cross-section 
of  the  country  between  the  river  here  and  Lake  Concordia,  and  across  the  lake  to  the 
river  again,  crossing  the  river  again  to  Dunham's  Bar,  then  to  the  river  again  at  th*- 
foot  of  Giles's  Bend. 

By  looking  at  the  large  map  accompanying  this  report,  you  can  form  a  better  idea 
of  the  many  dry  bayous  and  sloughs  than  you  could  possibly  do  from  a  minute  de- 
scription. There  are  many  of  them,  and  all  running  nearly  in  the  same  direction, 
that  is,  all  bear  to  the  east,  in  the  direction  followed  by  Lake  Concordia.  There  ij* 
one  exception  to  this,  and  it  Wtis  made  by  cutting  short  canals  from  one  slough  to 
another  for  the  purpose  of  draining  into  the  lake  through  a  culvert  that  was  put 
under  the  levee  at  the  Marengo  break,  and  another  one  was  put  in  at  the  Waterloo 
break,  or  rather  where  these  breaks  are  now,  the  culverts  being  the  direct  cause  of 
the  levees  breaking. 

I  suppose  that  no  one  disputes  the  evident  conclusion  that  Lake  Concordia  was  mftde 
a  lake  by  a  cut-off  near  the  line  of  bluff's  northeast  of  it,  and  that  the  cut-off*  must 
have  been  made  by  the  river  through  a  sand-bar  of  its  own  formation.  I  do  not  know 
of  any  tradition  or  history  fixing  the  time  when  this  occurred,  but  it  must  have  been 
after  the  fii-st  settlement  of  Louisiana.  Be  this  as  it  may,  I  have  found  tough  blue  or 
yellowish-gray  clay  anywhere  on  the  Louisiana  shore,  except  near  the  light-post  at 
Station  21,  east  line.  Here  are  the  only  evidences  to  be  found  that  the  river  has  occu- 
pied nearly  the  same  place  for  fifty,  perhaps  hundreds  of  years.  The  same  kind  oi 
clay  mentioned  is  found  on  both  shores;  trees  of  not  less  than  fifty  years'  growth  are 
standing  on  opposite  banks  of  the  river  less  than  4,000  feet  distant  from  each  other. 
From  these  and  other  observations  I  conclude  that  the  Mississippi  River  is  repeating 
its  movements  of  many  years. 

At  my  triangulatiou  station,  north  60^  30'  east  from  i;he  north  end  of  base-line,  the 
largest  trees  do  not  exceed  16  inches  diameter,  and  these  are  cottonwood,  growing  on 
what  appears  to  be  the  natural  boundary  of  the  river,  dividing  itself  from -the  lat-er- 
formod  sand-bar  by  a  well-defined  bank. 
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Od  the  Louisiaiia  side  of  the  river,  and  but  a  short  distance  above  Good  Hope  Land- 
ing, are  cottonwood.  trees  of  a  very  old  growth,  one  of  which  is  a  bearing  tree  of  the 
land  survey  of  United  States  in  1828,  which  was  then  described  as  a  "cottonwood 
tnt,  ten  in.  dia.'^  I  mention  these  facts  for  the  reason  that  they  may  be  of  use  to  you 
Id  determining  the  remedy  to  be  applied  to  prevent  a  total  destruction  of  the  present 
harbor  of  Natchez,  which  a  cut-off  tnrough  Giles'  and  Cowpen  bends  would  certainly 
effect. 

The  description  of  the  shores  of  the  Lake  Concordia  need  not  occupy  much  time, 
and  will  be  confined,  in  general,  to  the  character  of  the  bank  formations  and  the 
rflfect  on  the  adjacent  country,  if  it  should  become  the  water-way  of  the  Mississippi 
River. 

The  Nonth  bank,  which  is  the  important  one  now,  will  not  readily  ffive  way  to  the 
w«'aring  power  of  the  Mississippi.  The  composition  is  such  that  it  will  withstand  its 
force  for  many  years.  The  curves  are  regular  and  the  slopes  gradual,  and  coated  with 
a  composition  of  small  gravel,  some  shells  (muscle),  and  a  hard  clay  and  coarse  sand. 

Ou  the  south  arm  near  bayou  are  a  number  of  small  bayous  leading  south  and  west, 
all  of  them  with  sandy  banks  and  very  friable. 

R;iyou  Cocodrie  is  the  same  in  character ;  a  description  of  boriuj^s.  made  to  reach 
the  low-water  levels  of  the  Mississippi,  will  explain  the  material  to  that  depth. 
AlwTe  the  wat4>r-line  in  the  lake  the  alluvial  deposits  scarcely  vary  any  from  that  of 
the  river.  The  greatest  depth  of  water  found  iu  the  lake  was  40  feet.  This,  the 
deepest  part  of  the  lake,  is  near  the  foot  of  VidaPs  Island.  The  water-level  (surface) 
in  the  laJce  is  25.8  feet  above  the  zero  of  the  Natchez  water-gauge,  and  lowest  point 
.  at  bottom  of  the  lake  is  14.2  feet  below  the  zero  point.  The  average  channel  depth 
from  Giles*  Bend  down  to  Rocky  Point  is  nearly  54  feet  below  the  same  point.  This 
^hows  that  since  Lake  Concordia  ceased  to  be  the  water-way  of  the  Mississippi  River, 
itH  bed  has  been  elevated  from  40  to  80  feet,  and  all  of  this  filling  has  been  accom- 
plished very  slowly.  The  soundings  in  the  lake  all  show  a  hard-clay  bottom,  the 
li-ad  frmuently  bringing  up  small  shells  and  occasionally  fiue  gravel,  which  form  an 
extremely  firm  bfed  Uiat  must  extend  down  many  feet  from  its  present  surface.  The 
"^ime  character  in  the  formations  exists  for  several  feet  above  the  present  water-line, 
KTadaally  becoming  mixed  with  the  alluvial  soil  of  the  surface  ground,  losing  much 
of  its  tenacity  as  it  nears  the  top  of  the  bank. 

On  the  south  arm  of  the  lake,  that  is,  that  part  south  and  west  of  VidaFs  Island, 
from  which  is  the  only  outlet,  Bayou  Cocodrie,  having  a  high-water  capacity  of 
<Uacbarge  through  a  section  of  nearly  1,200  feet,  the  banks  are  of  a  more  friable 
natore,  showing  the  banks  to  be  easily  moved,  and  the  water-way  frequently  chang- 
ing position.  The  evidence  of  this  is  seen  in  the  small  island,  an  occasional  deep 
wasli-out  or  hole  in  the  course  of  the  stream.  In  the  vicinitv  of  the  bayou  lea^liug 
from  the  lake  are  numerous  small  bayous,  or  sloughs,  all  with  triable  banks,  and  hav- 
ing a  direction  running  west  of  south.  Bayou  Cocodrie  runs  a  very  winding  course, 
one  fork  terminating  at  Lake  Cocodrie,  8  miles  south,  10  miles  west  of  the  point  of 
departure;  another  branch,  or  fork,  entering  Black  River  17  miles  south  and  14  miles 
weNt  of  the  departing  point  on  the  lake.  It  enters  Black  River  about  7  miles  north 
of  the  junction  of  Black  and  Red  rivers.  The  section  of  country  is  interlaced  with 
numerous  small  bayous  and  small  lakes,  and  is  fitly  called  the  Black  River  Swamps. 
It  will  demand  consideration  while  discussing  the  improvements  for  the  harbors  of 
Natchez  and  Yidalia. 

After  the  foregoing  descriptions  of  the  banks  and  currents  of  the  river  and  lake,  a 
further  description  of  land,  especially  that  lying  between  the  Mississippi  River  and 
Lake  Concordia,  will  be  in  order,  the  general  characteristics  being  sandy  ridges  divided 
by  low  sloughs,  all  terminating  in  low  swamps,  and  all  having  a  direction  conforming 
▼ith  the.  north  shore  of  the  lake,  and  all  nearing  each  other  near  the  foot  of  the  lake, 
where  they  now  abruptly  end  at  the  river  bank.  It  will  be  seen  by  the  profiles  cross- 
ing this  strip  of  land  at  difierent  places  that  the  general  level  of  the  ridges  are  above 
that  of  the  river  bank,  and  that  the  great  swamps  that  existed  twenty  years  since  are 
DOW  nearly  gone  and  the  river  bank  now  occupies  their  most  southern  and  western 
limit ;  all  that  remains  of  them  are,  that  described  as  the  Willow  Swamp  and  a  part^ 
of  the  Waterloo  and  Marengo  swamps. 

The  Willow  Swamp  is  what  remains  of  Grassy  Lake,  a  lake  nearly  3  miles  long  and 
a  half  mile  wide.  A  number  of  small  bayous  drained  into  it,  Bullitt's  Bayou  being 
one,  entering  at  its  western  extremity  and  leaving  it  again  through  the  south  bank  S 
niiles  from  its  entrance. 

A  lai^e  part  of  the  Marengo  Swamp  still  remains  between  Stations  5  and  15  of  west 
line,  with  a  general  depression  of  3^  feet  lower  than  the  lake  bank.  The  frequent 
crevasses  of  the  pa«t  twenty  years  have  filled  it  to  a  great  extent. 

The  narrowest  |>oint  between  the  river  and  lake  banks  is  now  immediately  along 
toy  baae-lincy  and  is  952  feet  from  bank  to  bank. 

The  neck  of  land  through  from  Giles'  Bend  to  Cowpen  Bend  has  before  been  de- 
seribed ;  some  features,  however,  were  not  mentioned. 
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The  slough  called  Long  Lake  is  crossed  by  my  base-line  and  by  the  line  running 
from  Cowpen  Bend  to  Qiw  Bend,  and  is  peculiar  in  some  of  its  features.  It  has  its 
head  near  the  upper  end  of  Dunham's  Bar  and  follows  down  the  bar  and  on  the  bar, 
following  a  mile  and  a  half,  when  it  passes  on  to  the  older  bottom-lands,  and  its  lower 
terminus  being  nearly  opposite  Station  2d,  east  line,  at  the  river  bank.  It  seems  to 
have  formed  a  connection  with  an  older  slough  that  drained  a  portion  of  Ones' 
Swamp  in  the  older  bottom,  and  the  newer  formation  of  the  bar  closed  up  its  lower 
end ;  i  t  followed  the  course  of  this  through,  the  bottom  to  the  river,  about  1|  miles  below, 
near  the  bluffs.  It  carries  water  during  the  low  stages  of  the  river  westward  into  the 
sand-bar,  while  the  old  bayou  takes  another  part  of  it  east  to  the  river  near  the  blufis. 

After  a  review  of  the  operations  in  the  field  during  the  survey,  it  seems  that  the 
remedy  to  be  applied  for  the  protection  of  the  Natchez  and  Vidalia  harbors  must  be— 

First.  To  prevent  the  Mississippi  River  from  cutting  through  the  neck  of  land  called 
Giles'  Swamp,  from  Giles'  Bend  to  Cowpen  Bend. 

Second.  To  prevent  it  from  entering  Lake  Concordia. 

If  it  should  go  through  Giles'  Swamp,  the  effect  will  only  be  felt  on  the  Natchez 
harbor  and  the  point  of  land  on  which  Vidalia  is  situated.  If  it  goes  into  Lake  Con- 
cordia the  condition  of  the  levees  on  the  south  bank  of  it  will  not  confine  it  to  the 
lake,  but  the  whole  countrv  south  of  it  will  be  inundated  from  the  flow  through  Co- 
oodrie  and  other  bayous  in  that  vicinity.  The  Vidalia  point  will  wear  away ;  the  result 
must  be  similar  to  that  at  Vicksburg. 

A  remedy  for  both  of  these  contingencies  can  be  applied  in  the  construction  of  spur- 
dikes,  four  in  Giles'  Bend  and  six  in  the  Marengo  Bend ;  those  on  the  Missiesippi  shore 
to  be  about  1,250  feet  apart — the  first  to  be  placed  at  the  upper  end  of  the  bend  where 
the  river  runs  near  the  blufiEs,  and  should  not  extend  beyona  the  outer  eddy-line;  the 
others  to  be  located  according  to  the  circumstances  disclosed  by  the  first. 

Those  on  the  Louisiana  shore  should  commence  with  a  first  a  little  above  the  foot 
of  the  sand-bar  (Rifle  Point  Bar),  ana  the  second  above  the  old  bed  of  the  river— Lake 
Concordia ;  and  a  third  at  the  mouth  of  Bullitt's  Bayou.  None  of  them  should  project 
into  the  river  outside  of  the  eddy-line,  but  should  be  so  located  as  to  divide  the  eddies, 
and  thus  force  a  change  of  position.  The  other  spur-dikes  on  this  side  of  the  river 
should  be  located  after  the  first  three  are  constructed  and  their  effect  on  the  current 
disclosed. 

The  result  of  placing  these  dikes  will  be  to  direct  the  current  against  Dunham  b 
Bar,  where  the  channel  would  soon  follow. 
Very  respectfully, 

W.  C.  Melvix, 

Assi$iant  Engineer 

MflJ.   W.   H.   H.   BSNYAURD, 

Corp»  of  Engineers,  U,  S,  A, 
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131PE0VEMBNT  OF  MISSISSIPPI  BIVEE  BETWEEN  THE  MOUTHS  OF  THB 
ILLINOIS  AND  OHIO  RIVERS — IGE-HARBOR  AT  SAINT  LOUIS,  MIS- 
SOURI—IMPROVING MISSISSIPPI  RIVER  AT  OR  NEAR  CAPE  GIRAR- 
DEAU AND  MINTON'S  POINT,  MISSOURI— IMPROVEMENT  OF  OSAGB 
BITER  IN  KANSAS  AND  MISSOURI. 


beport  of  captain  0.  h.  srnst,  corps  of  enoineers,  officer  in 
charge,  for  the  fiscal  tear  ending  june  30,  1880,  with  other 
documents  relating  to  the  works. 

Engineer  Office,  United  States  Army, 

mint  LouiSj  Mo.y  July  28, 1880. 

General  :  I  have  the  honor  to  herewith  transmit  my  annual  reports 
for  the  year  ending  June  30, 1880. 

I  assamed  charge  of  the  works  on  the  30th  of  March,  relieving  Col. 
James  H.  Simpson,  Corps  of  Engineers.    I  had  previously  been  con- 
nected with  them,  under  Colonel  Simpson's  orders,  from  the  beginning 
of  the  year. 
My  reports  cover  the  operations  of  the  entire  year. 
Very  respectfiiUy,  your  obedient  servant, 

O.  H.  Ernst, 


Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 


Captain  of  Engineers. 


P  I. 

improvement  of  the  MISSISSIPPI  river  between  the  mouths  op 

THE  ILLINOIS  AND  OHIO  RIVERS. 
BETWEEN  THE  ILLINOIS  AND  MISSOURI  RIVERS. 

Ko  work  was  done  within  these  limits  during  the  year  other  than 
surveys  and  the  establishment  of  gauges.  The  appropriations,  of 
$20,000  of  June  18, 1878,  and  of  $16,000  of  March  3, 1879,  are  stiU  avaU- 
able,  with  the  exception  of  (1,174.15,  the  amount  expended  for  the  pur- 
poses above  mentioned  over  and  above  a  previous  balance. 

This  money,  having  been  appropriated  for  the  improvement  of  the 
Mississippi  b^ween  the  Illinois  and  Ohio  rivers,  must,  I  think,  be  ap- 
plied so  as  to  benefit  the  greatest  number  of  persons  interested  in  the 
navigation  of  the  entire  stretch  of  river  lying  between  those  limits. 
There  is  no  doubt  that  one  important  feature  of  an  improved  river  is 
convenient  access  to  landings;  but  the  most  important  result  to  be 
Attained  by  the  improvement,  and  the  one  first  to  be  aimed  at,  is  cheAp 

1359 


1360  REPO»iT  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ARMT. 

through  transportation  for  freight.  Passenger  traffic  is  secondary,  ami 
so  is  the  freight  for  any  single  point.  The  estimate  of  the  cost  of  the 
improvement  is  for  procuring  this  cheap  through  transportation,  and 
does  not  include  the  cost  of  improving  harbors  in  cases  where  special 
works  are  required  for  that  purjwse. 

The  harbor  of  Alton,  which  is  the  most  important  lauding  in  that 
section  of  the  Mississippi,  is  in  need  of  improvement ;  but  there  is  no 
difficulty  with  the  navigation  in  that  vicinity  for  vessels  that  do  not 
stop  there,  and  unless  Congress  should  expressly  approi>riate  funds  for 
that  work  it  should  be  deferred,  I  think,  until  the  river  has  reacfhed 
such  a  stage  of  improvement  that  attention  can  be  turned  from  the 
primary  object  of  securing  good  through  navigation,  to  the  secondar}' 
one  of  i)roviding  convenient  access  to  landings.  Additional  estimates 
can  then  be  submitted  to  cover  the  cases  of  such  landings  as  remain 
inconvenient  after  the  general  improvement  has  been  completed. 

Considerable  difficulty  is  found  near  the  head  of  Piasa  Island.  Tlie 
channel  is  exceedingly  tortuous,  and  near  the  island  is  a  ledge  of  rock 
which  is  dangerous  at  low- water.  On  the  23d  of  April  I  recommended 
that  the  available  funds  be  applied  to  the  improvement  of  that  locality, 
and  requested  authority  to  make  a  hydrographic  survey,  with  a  view 
to  preparing  a  plan  of  the  works  requii'ed  and  an  estimate  of  their 
cost.  This  recommendation  was  approved  so  far  as  to  authorize  the 
survey,  and  the  latter  was  begun  in  Ma^'.  The  field  work  was  com- 
pleted in  June,  and  the  map  is  now  being  prepared.  A  plan  will  be 
submitted  for  your  consideration  at  an  early  day. 

The  dam  at  Ellis  Island  remains  as  reported  last  year  by  my  prede- 
cessor. 

The  sum  of  $1,500  was  allotted  for  the  purpose  of  making  the  survey 
near  Piasa  Island,  to  which  $200  was  afterwards  added  for  the  purpose 
of  closing  a  gap  between  Eagle  Nest  and  Hop  Hollow,  which  existed 
in  the  permanent  triangulatiou  of  the  district.  The  completion  of  that 
work  will  give  a  connected  triangulation  from  the  mouth  of  the  Illinois 
to  the  mouth  of  the  Ohio. 

The  expenditures  were: 

For  hydrographic  survey $1,507  ^> 

For  water  gauges IW  15 

Total 1,700  00 

The  river  an«l  harbor  act  of  June  14, 1880,  contains  in  the  item  ai)pro- 
priating  $250,000  for  the  improvement  of  the  Mississippi  River  between 
the  Illinois  and  Ohio  rivers,  the  following  proviso,  viz,  **of  which  sum 
•  •  ♦  $15,000  may  be  expended  on  the  harbor  at  Alton,''  the  italics 
being  mine.  The  authority  here  given  implies  a  desire  that  the  suiu 
mentioned  shall  be  expended  at  Alton,  and  this  desire  should  be  com- 
plied with  unless  there  are  good  reasons  to  the  contrary.  Strong  rea- 
sons, based  upon  general  principles,  have  already  been  given.  There 
are  others  appertaining  to  the  particular  circumstances  of  this  case 
which  have  their  weight.  The.estimated  cost  of  the  works  required  for 
the  improvement  of  Alton  Harbor  is  $71,000  (see  report  of  Col.  James 
H.  Simpson,  Corps  of  Engineers,  dated  February  9, 1880),  and  that  por- 
tion of  the  works  which  should  be  built  the  first  year  is  estimated  to 
cost  $39,000.  An  examination  of  the  plan  of  improvement  shows  that 
an  expenditure  much  less  than  $39,000  will  have  little  or  no  beneficial 
effect. 

The  works  proposed  include  a  dike,  A,  B,  C  (see  adjoining  sketch), 
connected  by  hurdles  at  intervals  of  about  400  feet,  with  the  Missoui  i 
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<hore.  Their  object  is  to  collect  all  the  waste  water  of  the  river  at 
stages  below  14  feet  and  throw  it  against  the  main  channel  as  it  comes 
down  the  IlUnois  shore,  thus  diverting  that  channel  and  causing  it  to 
attack  the  shoal  in  front  of  the  Alton  Landing.  The  $15,000  under  dis- 
cussion could  only  be  applied  to  beginning  the  dike  near  the  point  A. 
The  money  would  be  sufiicient  to  cross  the  deep  water  near  a  and  to 
carry  the  dike  as  £ar  as  somewhere  near  h.  The  work  stopping  here 
could  not  be  expected  to  exert  any  beneficial  effect  upon  the  harbor.  It 
would  exert  an  iiy  urious  effect,  however,  upon  its  own  future.  The  foun- 
dationnear  ft  is  nowabar,  which  is  dry  at  low- water.  Theestimate  is  based 
upon  utilizing  this  bar  with  a  view  to  cheap  and  rapid  construction.  If 
the  dike  stops  here  for  a  season  the  bar  will  be  scoured  out,  and  it 
will  Ije  necessary  to  increase  the  estimate.  Without  the  dike  the  bar 
may  be  expected  to  remain  substantially  in  the  same  position  for  a  con- 
siderable period.  The  only  alternative  is  to  make  a  further  allotment 
of  $24,000  from  the  general  appropriation,  so  that  the  work  can  be 
poshed  through  as  far  as  the  point  B  in  one  season.  That  cannot  prop- 
erly be  done  for  the  reason  that  the  general  fund  is  at  best  not  large 
enoagh  to  answer  the  demands  of  the  general  navigation  interests,  and 
the  diversion  of  any  portion  of  it  at  this  time  to  the  work  referred  to 
must  be  iQdirectly  an  injury  to  commerce. 

SAWYER  BEND. 

The  revetment  here  remains  in  good  condition.  No  work  was  done 
during  the  year  and  none  is  contemplated  for  next  year,  unless  some 
repairs  should  become  necessary. 

VENICE  DIKE. 

Xo  work  done  and  none  contemplated. 

CAHOKIA  CHUTE. 

The  June  rise  of  last  year  having  filled  up  to  a  considerable  degree 
the  shallow  channel  at  the  upper  part  of  the  west  chute,  a  heavy  strain 
was  brought  to  bear  upon  the  dam  across  Gahokia  Chute  by  the  falling 
river,  the  result  of  which  was,  in  the  latter  part  of  August,  a  breach  in 
the  dam.  It  being  necessary  to  close  this  breach  to  prevent  the  destruc- 
tion of  the  dam,  and  the  special  appropriation  being  exhausted,  an  allot- 
ment was  made  for  the  purpose  from  the  general  fund. 

The  breach  was  repaired  in  September,  and  the  dam  was  afterwards 
strengthened  at  points  which  seemed  to  require  it,  and  it  has  since  re- 
mained in  good  condition. 

Details  of  the  work  will  be  found  in  the  report  of  Assistant  Engineer 
B.  M.  Carrie,  hereto  appended  and  marked  A.  Extensive  shoaling  has 
taken  place  above  it,  and  it  is  thought  that  the  severe  strains  will  not 
be  renewed. 

The  expenditures  were : 

9, 556. 77  cubic  yards  riprap $13,280  65 

IH.  09  coids  brush 246  81 

$12,527  46 

Engrineering  and  contingencies • 411  25 

12, 938  71 
86  £ 
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HOB8ETAIL  BAiB. 

The  tern  Horaetail  Bat  ineludes  a  stretoh  of  ri^er  aboat  5  mileB  long 
extending  from  Hke  river  Des  Peres,  Khe  flonth^m  bonadary  of  Baint; 
Louis,  to  the  foot  of  OarrolPs  Island.  The  average  width  when  tiie 
works  were  began  was  about  5,060  feet.  There  were  several  large  mora- 
ble  bars  which  obstructed  the  navigation,  and  it  was  no  nnoonmoo  thing 
to  find  as  little  as  4  feet  depth  of  water  in  the  channel  daring  the  low 
stages  of  the  autumn,  the  obstaele  being  sometimes  at  one  point  and 
sometimes  at  another.  The  bottom  being  composed  of  shifting  sftiids 
and  mud,  this  shallow  water  was  evidently  the  result  of  the  inordinate 
width)  and  the  obvious  means  of  increasing  the  depth  was  to  reduce 
the  width.  It  was  decided  to  undertake  the  contraction  of  the  river  to  a 
width  of  2,500  feet.  For  this  purpose  a  series  of  jetties  or  dikes  perpeo- 
dicular  to  the  shore  were  planned,  and  their  oonstruetion  begun  in  1873. 
Their  outer  extremities  were  to  be  connected  by  longitudinal  dikes  or 
training-walls  located  upon  the  lines  of  the  new  banks.  The  oonstrnc- 
tton  of  one  of  these  training-walls  was  begun  in  1877.  The  object  of 
these  works  was  to  confine  the  water  of  the  river  within  the  pi^seribed 
Kmits  by  means  of  their  own  solidity  and  weight.  They  were  built  of  rip- 
rap upon  a  foundation  of  brush.  The  great  volume  and  velocity  of  th 
Mississippi,  combined  with  the  treacherous  nature  of  the  soil  upon 
which  these  structures  rested,  rendered  the  jetties  a  comparatively  easy 
prey  to  the  currents.  The  attacks  upon  them  were  facilitated  by  their 
great  length  and  by  the  considerable  intervals  whidti  separated  them 
Irom  each  other,  neither  of  which  coukl  well  be  reduced  in  a  river  of 
such  magnitude.  The  training- wall,  receiving  the  shock  of  the  strefuu 
in  a  more  favorable  direction,  was  not  so  liable  to  destruction  by  the 
current;  but  a  breach  800  feet  long,  occasioned  by  an  ice-gorge,  in  the 
winter  of  1878-^79,  showed  that  this  part  of  the  work  had  in  the  climate 
an  enemy  which  was  quite  as  redoubtable.  It  was  then  concluded  that 
to  resist  all  the  destructive  forces  at  work  nothing  less  than  a  sohd 
mass  of  earth  between  the  new  and  old  banks  would  answer,  or,  Id 
other  words,  that  the  land  must  be  wholly  reclaimed,  and  that  works 
in  the  stream  relying  wholly  upon  themselves  were  not  sufficient  In 
the  spring  of  1879  the  upper  part  of  the  area  included  between  the 
training-wall  and  the  Illinois  shore  was  divided  up  by  hurdles  similar 
to  those  used  on  the  Oaronne  and  described  in  the  last  annual  report 
Their  object  was  to  cause  the  water  to  deposit  its  sediment  behind  the 
training- wall  as  it  progressed.  The  solid  form  of  the  latter  was  pre- 
served, but  a  cheaper  method  of  construction  was  introduced,  employing 
temporary  inste^ad  of  permanent  materials.  The  stone  jetties  were  in  a 
dilapidated  condition  and  were  abandoned. 

The  remarkable  results  obtained  f^om  the  use  of  the  hurdles  last  year 
led  to  the  apx>lication  this  year  of  that  class  of  construction  to  all  partv< 
of  the  work.  At  many  places,  particularly  in  the  line  of  the  training- 
wall,  the  water  was  too  deep  for  the  advantageous  use  of  piles.  At 
such  points  tlie  hurdles,  or  equivalent  brush  obstacles,  instead  of  being 
made  continuous  and  in  position,  were  constructed  eitner  oontinuoas  or 
in  sections  upon  floating  ways  from  which  they  were  launched.  One 
sidt*  was  secured  to  the  bottom  by  anchors,  while  the  other  side  was 
held  up  at  the  surface  of  the  water  by  buoys.  Various  forms  of  bmsh 
obstacles  were  used.  They  are  shown  in  figures  2  to  8,  and  are  fully 
described  in  the  report  of  Assistant  Engineer  D.  M.  Currie,  by  wLom 
most  of  them  were  designed.  Ilis  report  is  appended,  marked  A,  and 
is  intended  to  form  part  of  this  report.    At  first  these  floating  obstacles 
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w«re  anchored  to  a  horizoBtal  mattress  or  sill  (see  figures  2  to  7),  the 
latter  being  intended  to  prevent  the  scour  that  was  to  be  feared  from 
placing  them  in  contact  with  swiftly  running  water,  Increasing  confi- 
dence in  their  efi&ciency  led  to  the  temporary  abandonment  of  the  hori- 
zontal member  for  economical  reasons.  Further  experience  is  necessary 
to  determine  whether  it  will  be  advantageous  to  resume  that  method  of 
eonstnictioB. 

The  governing  principle  is  the  same  in  all  of  these  forms  of  construc- 
tion. This  is  to  utilize  the  building  i)ower  of  the  river  by  inclosing  the 
ground  to  be  reclaimed  within  slight  permeable  obstacles.  These,  while 
smoothing  out  the  boils  and  whirls  and  checking  the  velocity  of  the 
water  sufficiently  to  cause  it  to  drop  a  part  of  its  load,  present  no  great 
obstade  to  its  flow.  They  are  dike-builders  rather  than  dikes  them- 
selves. Allowing  the  water  to  circulate  freely  they  constantly  intro- 
duce new  supplies  of  fully  loaded  fluid,  and  thus  gradually  and  easily 
build  up  the  new  banks.  Under  this  system  the  progress  has  been 
rapid,  economical,  and  thus  far  satisfactory  in  its  results. 

A  map  showing  the  plan  of  the  works  and  their  present  state  of  com- 
pletion is  herewith  transmitted. 

Soundings  taken  in  March,  1880,  are  written  upright  so  as  to  read 
with  the  title.  Those  taken  upon  each  day  are  inclosed  in  brackets 
opposite  which  the  date  is  written.  The  stage  of  the  river  for  that  day 
is  found  in  the  gauge  record  at  the  margin  of  the  sheet.  Soundings 
taken  on  the  29th  and  30th  of  June,  1880,  are  written  at  right  angles  so 
as  to  read  when  the  map  is  revolved  90^  to  the  right.  These  soundings 
are  r^uced  to  the  same  stage  as  those  of  March.  Those  having  the 
mill  as  Sign  indicate  that  the  ground  would  be  uncovered  with  the  river 
at  that  stage.  The  heavy,  broken,  and  dotted  lines  show  the  plan  of 
the  works  not  yet  begun ;  the  full  lines  those  now  completed.  Upon 
each  line  of  hurdles  are  given  the  dates  when  it  was  built  and  when  it 
was  repaired. 

It  is  no  easy  matter  in  the  case  of  a  silt-bearing  stream  to  show 
definitely  upon  paper  the  effect  of  the  works  of  improvement  upon  the 
channel.  A  statement  that  a  certain'  depth  existed  before  the  execution 
of  the  works  and  another  depth  existed  afterwards  might  be  strictly 
trae,  but  at  the  same  time  might  be  misleading  and  unfair.  The  chan  - 
nel  is  constantly  shifting  its  position  and  the  bottom  fills  or  scours  with 
the  rise  or  fall  of  the  water  surface.  It  is  a  common  occurrence  after 
the  snmmer  rise  that  a  gradual  fall  of  15  inches  on  the  gauge  is  attended 
by  an  increase  of  9  inches  in  the  depth ;  that  is,  that  during  this  fall  of 
15  inches  tttere  is  a  scour  of  2  feet.  Comparative  sections  of  the  chan- 
nel are  therefore  useless  for  indicating  the  effects  of  the  works.  EInow- 
ing  that  with  banks  not  too  fa^r  apart  there  will  always  be  somewhere 
between  them  a  good  channel  at  all  stages,  we  must  turn  for  definite 
information  to  the  process  of  building  up  the  new  banks. 

Several  sections  embodying  information  obtained  at  dates  earlier 
than  those  of  the  written  soundings  are  given  upon  the  map  showing 
the  results  of  the  operations  thus  far.  These  may  be  supplemented  by 
the  statement  that  the  least  depth  of  water  found  in  the  channel  at  any 
time  during  the  year  was  8  feet.  In  examining  these  sections  it  is  to  be 
borne  in  mind  that  the  works  are  built  to  a  height  of  about  15  feet  above 
low-water,  and  that  that  portion  of  the  river  bed  lying  below  that  level 
m  mainly  to  be  considered  when  making  inquiry  as  to  their  effect. 

Section  on  E  F  shows  a  maximum  fill  of  27  feet  since  March,  1880,  over 
a  width  of  about  320  feet  and  an  average  fill  of  about  10  feet. 
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Section  G  II  shows  a  maximain  till  of  64  feet  since  the  spring  of  1879, 
and  an  average  of  about  10  feet  since  March,  1880. 

Section  I  K  shows  a  maximum  of  20  feet  since  April,  1870,  and  an  aver- 
age of  about  6  feet  since  January,  1880. 

Section  L  M  shows  a  maximum  of  48  feet  since  April,  1879,  and  an  aver- 
age of  about  3  feet  since  January,  1880. 

Section  N  O  shows  a  portion  of  ground  which  was  reclaimed  to  a  height 
of  about  15  feet  above  low- water  last  year.  Young  willows  began  at 
once  to  grow  upon  it,  and  deposits  have  now  been  secured  to  a  maxi- 
mum height  of  19  feet  6  inches  above  low- water.  These  deposits  have 
been  obtained  under  unfavorable  circumstances.  Most  of  the  building 
material  comes  from  the  Missouri  River. 

If  the  Upi)er  Mississippi  is  relatively  high,  the  water  of  the  Missouri 
is  kept  on  the  west  side  of  the  river  and  away  from  the  works.  That 
has  been  the  case  during  the  larger  portion  of  the  last  spring.  The 
works  have  cost  more  and  the  results,  large  as  they  are,  have  been  less 
than  may  reasonably  be  expected  under  ordinary  circumstances. 

The  shoaling  action  is  still  going  on,  and  during  the  present  higb 
water  may  be  expected  to  progress  more  rapidly  than  ever,  as  it  is  at 
such  times  that  the  great  movements  of  silt  take  place. 

These  results  are  satisfactory.  Nevertheless  it  is  well  to  be  cautious 
about  accepting  them  as  final  They  are  still  to  be  secured  and  rendered 
permanent.  A  great  flood  choking  up  the  present  low- water  channel 
of  the  river  might  throw  it  over  into  our  new  made  land  and  undo  a 
large  part  of  this  work. 

Fortunately  these  obstacles  are  as  chea]>  as  they  are  frail,  and  can  he 
often  renewed  without  excessive  cost  When  the  land  behind  them  has 
once  become  consolidated  they  may  be  expected,  with  some  additions,  to 
secure  it  from  future  attack.  The  improvement  cannot  be  regarded  as 
secure  until  the  land  has  been  raised  to  aheight  of  at  least  25  feet  above 
low- water.  The  hurdles  are  built  to  a  height  of  about  15  feet  above  low- 
water,  and  are  expected  to  cause  deposits  to  that  level.  Tliey  cannot 
be  advantageously  built  much  higher,  because  they  would  be  ex^wsed 
to  rapid  decay,  while  their  action  would  be  limited  to  the  short  periods 
of  high-water.  It  is  proposed  to  secure  the  additional  height  of  deposit 
by  a  growth  of  willows  covering  the  entire  area  to  be  reclaimed.  These 
with  their  roots  will  consolidate  the  land  already  formed  and  with  their 
branches  will  cause  further  deposits  at  high- water.  The  number  of  years 
which  will  be  required  to  raise  the  land  to  a  secure  height  is  altogether 
uncertain,  depending  upon  the  height  and  duration  of  the  spring  fresh- 
ets, and  also  upon  the  relative  height  of  the  Upper  Mississippi  and  the 
Missouri  rivers  during  those  freshets.  It  is  necessary  that  the  govern- 
ment should  control  the  land  and  the  willow  grow^th ;  and  this  raises  a 
question  of  riparian  rights  which  will  be  again  alluded  to  further  on. 

The  willow  springs  up  spontaneously  upon  the  newly  formed  alluvial 
lands  in  the  Mississippi ;  but  observation  is  wanting  to  show  what  is  the 
lowest  level  at  which  it  will  grow,  and  how  much  time  can  be  gained  by 
planting  cuttings.  To.  gain  some  information  upon  the  subject,  as  well  as 
to  ascertain  the  best  season  for  planting,  I  have  had  a  few  cuttings 
X^lanted  at  different  levels  about  the  first  of  each  month  during  the  pres- 
ent season,  using  pieces  of  willow  from  ^  inch  to  4  inches  in  diameter. 
All  the  cuttings  planted  in  March  lived.  Many  of  those  planted  in  April 
and  all  those  planted  in  May  and  June  died.  It  is  proposed  to  continue 
these  experiments  throughout  the  working  season. 

The  greatest  size  that  can  be  given  to  the  enclosed  areas  is  not  as  yet 
iully  determined.    The  size  of  those  constructed  this  spring  has  been 
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abont  1,400  by  400  feet,  the  shorter  dimension  being  measured  parallel  to 
tlie  bank.  It  is  thought  that  this  dimension  can  be  increased.  The  other 
dimension  being  measured  perpendicular  to  the  bank  de])ends  upon 
the  amouut  that  the  riv^er  width  is  to  be  contracted,  and  may  be  made 
the  full  length  from  the  old  to  the  new  bank. 

The  total  cost  of  the  fixed  hurdles  in  the  transverse  lines,  including 
engineering  and  contingencies  and  all  repairs,  was  $1.43  per  running  foot. 
Of  this,  44  cents,  or  31  per  cent.,  was  the  cost  of  transportation  and  wear 
and  tear  of  the  equipment.  The  cost  of  the  curtains  or  floating  obsta- 
cles was  $187  per  running  foot;  but  with  these,  owing  to  the  adverse 
circiimstance  before  referred  to,  of  a  relatively  low  Missouri  Riv^er,  it  was 
necessary  to  go  over  the  same  ground  many  times.  To  construct  and 
repair  2,500  feet  of  dike  consumed  21,000  feet  of  curtains,  the  total  cost  of 
which  was  $39,382.42,  or  $15.75  per  running  foot  of  dike.  This,  while 
not  more  than  one-thiwl  what  a  stone  dike  would  cost  in  the  same  depth  of 
water,  is  hardly  a  fair  showing  of  the  economy  of  this  system.  At  any 
jwint  far  enough  l>elow  the  mouth  of  the  Missouri  for  the  waters  of  the 
two  rivers  to  have  become  thoroughly  blended,  or  at  Horsetail  itself,  under 
circumstances  which  are  common,  if  not  usual,  there  in  the  spring,  the 
same  results  might  have  been  obtained  at  a  cost  50  per  cent.  less.  Of 
the  tl5.75  above  given,  $4.08,  or  26  per  cent.,  was  for  transportation  of 
material  and  the  wear  and  tear  of  equipment. 

The  items  of  transportation,  &c.,  have  been  separated  in  the  statement 
of  cost  with  a  view  to  showing  some  of  the  pecuniary  advantages  which 
would  result  from  increased  annual  appropriations  and  enlarged  opera- 
tions. Works  were  carried  on  last  year  at  Cairo  and  Cahokia  Chute, 
points  separated  by  a  distance  of  180  miles.  It  being  impracticable  for 
one  boat  to  do  the  towing  for  works  so  far  apart,  two  boats  were  em- 
ployeii.  Either  of  them  could  have  done  twice  to  three  times  the  work 
it  actually  did  do ;  yet  neither  could  be  dispensed  with.  The  barges 
were  more  fully  employed,  but  for  similar  reasons  were  not  worked  up 
to  their  full  capacity.  With  the  equipment  fully  employed,  the  cost  of 
transportation  might  be  reduced  at  least  one-fourth.  As  it  forms  about 
28  per  cent,  of  the  cost  of  the  works  at  Horsetail,  this  would  be  equiva- 
lent to  reducing  the  cost  of  those  works  7  per  cent. 

The  expenditures  were— 

Traiiitng-wan  (2,500  feet) : 

'<{,301.56  cubic  yanls  riprap |2,871  77 

3,759.85  cords  brnflh 6,699  82 

*i<  Piles 101  43 

Labor,  rope,  wire,  eqiiipiuent,  &c 27, 489  40 

|37, 162  42 

Hunlles  (32,000  feet) : 

2,'5o5  feet  piles 13,519  00 

15,140  feet  pileH 3,276  00 

4,697.37  corals  brash 8,671  89 

10(1  cubic  yards  riprap 129  00 

Labor,  rope,  wire,  eqnipmeiit,  &c 17,661  65 

43,257  54 

Kngineeriug  and  contingencies 4, 723  43 

Total 85,143  39 

The  works  at  Horsetail  have  been  under  the  immediate  supervision  of 
^^ssistaut  Engineer  D.  M.  Currie,  to  whose  report  reference  has  already 
Wn  made.  He  is  entitled  to  credit  for  int>elligent  study  and  zealous 
devotion  to  his  work. 

I  have  obtained  useful  hints  as  to  some  of  the  details  of  the  structures, 
particularly  the  anchors,  from  Maj.  Chas.  R.  Suter,  and  his  assistant, 
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Gapt.  T.  H.  Handbary,  Corps  of  Engineers,  who  have  been  working  on 
a  similar  field  in  the  Missouri  River. 

An  allotment  of  $150,000  has  been  made  to  this  work  from  the  appro- 
priation of  Jane  14, 1880.  It  will  be  employed  in  the  construction  of  brash 
obstacles  similar  to  those  used  this  spring,  covering  all  the  remaining 
ground  to  be  reclaimed,  in  accordance  with  the  plan  herewith  transmitted. 
It  is  expected  that  this  will  practicaUy  finish  the  work,  though,  as  above 
explained,  it  must  be  the  object  of  care  for  an  uncertain  number  of  years. 

FORT   CHABTRES  DAM. 

No  work  done  and  none  contemplated. 

TURKET  ISLAND  DAM, 

No  work  done  and  none  contemplated. 

PROTECTION  OF  BANK  NEAR  KASKASKIA. 

This  work  was  extended  down  stream  a  distance  of  1,100  feet  in  July, 
when  the  funds  allotted  having  been  exhausted,  it  was  suspended.  It 
was  discovered,  however,  in  August,  that  owing  to  a  considerable  scour 
in  firont  there  were  a  number  of  slides,  and  that  there  was  danger  of 
great  damage  being  done  unless  steps  were  taken  at  once  to  check  the 
scour. 

Accordingly  $15,000  from  the  general  appropriation  were  allotted  in 
addition  to  the  sums  mentioned  in  Colonel  Simpson's  last  annual  report 
This  was  employed  in  placing  brush  mattresses  50  feet  wide  along  the 
foot  of  the  slope,  outside  the  former  work,  for  a  length  of  3,305  feet  The 
danger  of  immediate  destruction  was  thus  removed,  but  the  work  is  still 
in  a  precarious  condition.  For  details,  see  the  report  of  Assistant  Engi- 
ner  Charles  S.  True,  which  is  hereto  appended  and  marked  B. 

The  expenditures  were : 

7,870.50  cubic  yards  riprap $11,406  44 

2,100.20  cords  brush 3,2<i2  50 

Excavation    153  30 

Labor,  ro^ie,  Ac ^ 2,5il9  47 

$17, 421  71 

Engineering  and  contingencies 1,279  71 

18,701  42 

The  direct  protection  of  this  bank  is  a  difficult  undertaking.  The 
plan  of  construction  has  been  that  successfully  employed  at  other  points, 
viz,  a  brush  mattress  at  the  foot  of  the  slope  extending  up  to  low-water 
mark,  and  above  that  level  a  covering  of  stone.  This  plan  has  not  been 
here  altogether  successful. 

A  light  covering  of  stone  is  not  sufficient,  and  the  soil  is  not  stable 
enough  to  bear  the  weight  of  a  heavy  one.  A  continuous  thatching  of 
brush  might  answer  the  purpose  temporarily,  but  it  would  soon  decay. 
The  act  •£  June  14, 1880,  contains  a  proviso  allotting  the  sum  of  $20,000 
to  this  work,  which  it  is  proposed  to  employ  in  an  attempt  to  change  the 
direction  of  attack  of  the  river,  and  to  finally  cause  deposits  where  there 
is  now  a  scour.  Beginning  at  the  extreme  upper  end  of  the  bend,  per- 
meable dikes  of  hurdle  work  will  be  run  out  at  intervals  into  the  stream. 

The  cost  of  the  work  seems  to  have  far  exceeded  the  expectations  of 
Congress,  by  whose  order  it  is  being  prosecuted.  The  appropriations 
for  1877, 78,  and  '79  were,  respectively,  $5,000,  $10,000,  and  $8,000.    The 
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expeiiditafea  were  t^^OOO  (wbiofa  wae  a  total  load),  $20,000,  and  tSO^^OO. 
the  diffeYenceB  being  taken  from  the  fond  providea  for  the  improvement 
of  the  navigation  between  the  Illinois  and  Ohio  Rivers.  The  original 
sung  allotted  by  Congress  being  also  taken  from  ikhat  fnnd^  it  would 
seen  to  be  earrying  out  the  will  of  Congress  to  add  to  them  if  the  eir- 
eamstaaees  id  the  case  require  it.  But  the  fact  ought  to  be  stated  that 
this  work  is  not  now  in  the  interest  of  the  general  navigation,  but  is 
nainly  of  importance  as  a  protection  of  lands.  Bank  protection  is  a 
uaeffd  aid  to  navigaticm  by  stopping  the  supply  of  channel-choking 
material  and  by  preventing  the  river  from  increasing  its  wid^ ;  bat  the 
river  in  thte  vicinity  is  in  a  bad  shape  for  perpetuation,  and  the  advan- 
tage to  be  derived  from  protecting  liie  bank  is  more  than  couuterbail- 
aaeed  by  the  ugly  shape  of  the  ohaxinel  and  by  the  absorption  oC  the 
fmda  so  much  needed  elsewhere.  It  is  much  to  be  desired  that  any 
sams  which  are  to  be  expended  upon  this  work  should  be  provided  in 
addition  to  those  designed  for  improving  the  navigation. 

The  cost  of  continuing  the  protection  to  the  end  of  the  bend  is  esti- 
mated at  $204,000,  of  which  $50,000  can  be  expended  to  advantage  next 
year,  if  specially  and  independently  provided. 

LIBERTY  ISLAND  PB0T£CTION. 

No  work  done  and  none  contemplated  unless  some  repairs  should  be- 
come necessary  to  the  old  work,  which  is  now  in  good  condition. 

dbyil's  island. 

No  work  doae  and  none  contemplated. 

BIOJLBY  ISLAND  TO  HOUTH  OF  XH£  OHIO. 

• 

Operations  were  suspended  about  the  middle  of  October,  the  appro- 
priation being  exhausted.  The  revetment  was  extended  up  stream  a 
distance  <rf  2,900  feet.  It  has  been  raised  to  a  height  of  about  20  feet 
above  low-water  throughout  its  extent.  The  report  ol  Assistant  Engineer 
Chas.  S.  l?rue,  who  had  charge  of  the  work,  is  appended,  marked  B,  to 
which  attention  is  invited  for  details. 

One  remarkable  fact  incidentally  noted  by  Mr.  True  is  the  low-water 
width  of  the  Mississippi  River.  A  section  was  taken  by  him  on  the 
2oth  of  September,  when  the  Gray's  Point  gauge  read  7.07  feet  above 
low-water,  and  it  was  found  that  the  whole  volume  of  the  river  was 
passing  through  a  space  743  feet  wide. 

A  still  less  width  was  noticed  lower  down  but  was  not  measured*  In 
each  case  the  channel  was  bounded  on  one  side  by  an  ordinary  sand  bar. 
This  shows  that  no  practicable  amount  of  contraction  of  the  river  will 
iusure  deep  water  all  the  way  across,  and  is  to  be. borne  in  mind  wh^i 
projects  are  under  consideration  for  improvement  of  Saint  Louis  Harbrar 
Of  other  important  harbors. 

The  expenditures  were: 

13,648.90  cubic  yards  riprap J21,616  12 

Itttl.SO cords  brush    4,872  79 

Excavation 100  35 

Ubor,  rope,  Ac 345  91 

$26,935  17 

Engineering  and  contingencies 1, 271  78 

$88,206  95 
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The  revetment  at  this  locality  now  covers  a  length  of '14,200  feet,  in- 
cluding that  portion  previously  covered  by  the  apnr-dikes  of  the  Cairo 
Land  Company.  The  latter  was  repaired  and  strengthened  by  the 
United  States.  The  work  wholly  new  covers  a  distance  of  10,700  feet 
built  in  1876,  '77,  '78,  and  '79.  It  consists  of  a  brush  mattress  covering 
the  foot  of  the  slope,  and  a  covering  of  stone  above  low- water  mark,  the 
latter  extending  to  a  height  of  alK)ut  20  feet  above  low-water.  It  is 
proposed  to  protect  the  bank  above  that  level  to  a  height  of  about  30 
feet  above  low-water  by  a  plantation  of  willows.  For  this  purpose 
$5>000  have  been  allotted  from  the  appropriation  of  June  14, 1880. 

When  that  is  done  the  original  project  will  be  completed  and  the 
work  will  have  reached  a  stage  when  it  becomes  of  secondary  impor- 
tance in  the  general  scheme  of  improving  the  navigation.  The  local 
interest  desires  its  extension,  and  this,  while  not  of  primary  im|>ortance. 
will  be  useful  to  the  navigation  interests.  It  would  be  injurious  to  the 
latter,  however,  if  it  be  allowed  to  absorb  the  funds  needed  so  much 
more  at  other  x)oints. 

It  is  recommended,  therefore,  that  this  work  be  separately  provided 
for.  The  sum  of  $50,000  can  be  expended  to  advantage  during  the  year 
ending  June  30,  1882,  if  specially  and  independently  provided,  it  is 
proposed  to  employ  it  in  removing  portions  of  two  of  the  old  spur-dikes, 
and  in  extending  the  protection  about  1,500  feet  down  stream. 

SURVEYS. 

To  comply  with  the  provisions  oif  the  river  and  harbor  act  of  March  3, 
1879,  a  special  survey  was  made  of  Alton  Harbor  and  of  the  Missis8ii)pi 
Eiver  opposite  to  the  mouth  of  the  Missouri,  for  which  the  sum  of  $2,000 
was  allotted  and  expended  from  the  appropriation  for  examinations  aud 
surveys  and  contingencies  of  rivers  and  harbors.  Two  differet  subjects 
of  discussion  being  involved,  the  map  was  divided,  and  that  part  cover- 
ing Alton  Harbor  was  forwarded  with  Colonel  Simpson's  report  of  Feb- 
ruary 9, 1880,  and  the  remainder  with  his  report  of  March  25. 

Much  office  labor  was  expended  in  working  up  the  data  obtained  the 
previous  year  for  the  Board  of  Engineers  upon  the  low-water  naviga- 
tion of  the  Mississippi  and  Missouri  rivers,  with  a  view  to  putting  the 
infonnation  obtained  in  proper  shape  for  transmittal  to  the  Mississippi 
Biver  Commission. 

This  work  was  under  the  immediate  direction  of  Assistant  Engineer 
&  E.  McMath,  who  was  assisted  by  Assistant  Engineers  Wm.  Popp  and 
W.  S.  Mitchell.  His  report,  with  21  tables  and  49  sheets  of  diagrams, 
was  forwarded  to  Col.  Z.  B.  Tower,  Corps  of  Engineers,  on  the  7tJi  of 
February,  in  compliance  with  your  instructions  of  January  20, 1880. 

Included  in  the  surveys  undertaken  for  the  Board,  which  were  sus- 
pended upon  the  organization  of  the  Mississippi  Biver  Commission,  was 
a  line  of  levels  to  extend  from  the  mouth  of  the  Illinois  to  the  mouth  of 
the  Ohio. 

The  establishment  of  permanent  bench-marks  along  the  bank  being 
necessary  in  carrying  on  the  duties  of  this  office,  a  party  was  organized 
to  continue  that  work.  Advantage  was  taken  of  the  opportunity  to  re- 
trace the  shore  lines,  and  correct  the  topography  of  our  maps.  This 
work  has  been  carried  down  as  far  as  Kaskaskia  Bend,  where  it  was 
suspended  on  account  of  the  appropriation  being  exhausted.  It  wa* 
conducted  by  Assistant  Engineer  P.  C.  F.  West,  who  is  entitled  to  credit 
or  skillful  management. 

A  resurvey  was  made  of  the  protected  bank  near  Cairo. 
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The  gaage  at  Gray's  Point  has  been  read  daily  throughout  the  year. 
Gauges  were  established  in  April  at  Grafton  and  Alton,  and  daily  ob- 
servations have  since  beed  recorded. 

The  expenditures  were : 

Hurvev  at  Alton  Harbor,  &c $2,000  00 

ExamiDations,  &c.,  required  by  Jk)ard  of  Eogineers  on  low-water  naviga- 
tion of  Missifisippi  River 4,848  09 

Level  and  topographic  survey , 6, 890  80 

Hydrographic  survey  near  Piasa  Island 1, 507  85 

Survey  at  Cairo  protection 220  75 

Water  gauges,  including  the  $192. 15' reported  above  for  gauges  between  the 

Illinois  and  Missouri 282  15 

Total 15,749  64 

An  allotment  of  $5,000  has  been  made  for  the  purpose  of  continuing 
the  work  of  leveling  and  correcting  the  topography  from  the  appropri- 
ation of  June  14,  1880. 

Operations  will  be  resumed  as  soon  as  the  stage  of  the  river  will 
I)ennit. 

One  of  the  most  important  developments  of  this  survey  is  the  evidence 
which  the  present  position  of  the  shore  lines  affords,  that  the  stability 
of  the  banks  has  decreased  with  the  settlement  of  the  country  and  the 
clearing  away  of  the  forests.  Weakened  banks  permit  more  rapid 
erosions,  give  the  river  greater  width,  and  therefore  less  depth,  and  the 
navigation  is  injured.  The  fact  that  the  river  has  materially  widened 
within  the  last  60  years  is  generally  acknowledged  by  those  best  in- 
formed, but  all  evidence  that  can  be  procured  in  support  of  it  is  useful 
ill  resisting  claims  for  damages,  by  establishing  the  position  that  oivr 
works  of  improvement  are  works  of  conservancy.  And  if  this  widen- 
ing process  is  still  going  on  it  is  evident  that  the  navigation  is  still  fur- 
ther deteriorating.  An  examination  of  the  shore  line  6hows  that  in 
every  case  where  cleared  fields  along  a  caving  bank  are  interrupted  by 
a  patch  of  woods  the  latter  projects  out  into  the  river.  It  is  easy  to  be- 
lieve that  the  binding  quality  of  the  roots,  and  the  protection  formed 
by  the  fallen  trees  at  the  foot  of  the  bank  should  have  this  effect. 
Wooded  banks  yield  finally,  of  course,  but  the  rate  of  erosion  is  so  slow 
that  the  river  has  time  to  build  up  on  the  opposite  side,  and  there  is  no 
increase  of  width,  t^onr  extracts  from  Mr.  West's  maps,  selected  at 
points  which  had  been  previously  covered  by  authentic  surveys  are  sub- 
mitted in  illustration  of  this  point. 

Extract  No.  1  shows  the  shore  line  opposite  the  mouth  of  the  Missouri 
as  it  was  in  1870  and  in  1879.  In  nine  years  the  caving  at  the  upper  end 
of  this  ground,  where  the  bank  was  stocked  with  woods,  was  almost 
nothing ;  at  the  middle  portion,  the  ground  being  cleared,  there  was  an 
erosion  of  over  900  feet,  and  at  the  lower  portion  where  woods  are  found 
again  there  was  from  100  to  200 feet  of  erosion.  No.  2  shows  a  wooded  bank 
jnst  below  Carroll's  Island,  as  it  was  found  in  1872  and  in  1879.  It  has 
been  exposed  to  the  attack  of  the  main  channel  for  seven  years,  and  the 
erosion  is  nowhere  greater  than  200  feet,  and  in  some  places  is  less  than  20 
feet  No.  3  shows  a  bank  alternately  cleared  and  wooded  just  above 
Eimmswick,  as  it  was  found  in  1873  and  in  1879.  An  erosion  of  1,000  feet 
in  the  deepest  part  where  the  bank  is  cleared  has  occurred  in  six  years, 
and  the  river  has  been  widened  that  much.  The  wooded  point  at  the 
lower  end  has  held  on  in  a  remarkable  manner.  No.  4  exhibits  Fish 
Bend,  where  the  erosion  has  been  more  rapid  than  at  any  other  point  cov- 
ered by  Mr.  West's  survey.  Nearly  2,000  feet  has  been  washed  away  in 
the  deepest  part  in  the  five  years  since  1874.    The  prominence  of  the 
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patch  of  woods,  marked  A,  near  the  middle  of  the  bend  is  apparent  to 
the  eye.  The  next  patch  below,  marked  B,  thoagfa  at  first  glaaee  its 
prominence  is  not  so  apparent,  hae  held  on  s&  as  to  make  the  river  at 
this  point  narrower  than  at  any  other  within  these  limits.  The  survey 
of  1874  gives  only  one  bank  of  the  river. 

The  facts  (rf  which  these  are  examples  lead  to  the  belief  not  only 
that  the  navigation  has  been  deteriorating  in  the  past,  bat  that  the  pro- 
cess is  still  going  on,  and  will  increase  in  rapidity  as  fhrther  clearings 
are  made,  and  that,  unless  energetic  measures  are  adopted  to  replace 
the  guards  established  by  nature  and  removed  by  man,  the  day  will 
eome  when  the  navigability  of  the  river  for  vessels  that  new  use  it  will 
be  destroyed. 

EQUIPMENT. 

The  greater  number  of  the  woriu  in  this  district  being  situated  at 
points  where  it  is  impracticable  to  procure  suitable  boiirding  accommo- 
dations for  the  foroe  employed,  it  is  necessary  to  provide  public  quarters. 
To  construct  buildings  on  shore  would  necessitate  the  acquisition  of  land 
and  the  services  of  a  keeper  throughout  the  year  when  the  work  is  sus- 
pended, and  in  many  cases  the  buildings  would  be  needed  but  a  short 
time.  A  better  arrangement  is  to  provide  floating  quart^iB  which  can 
be  moved  from  point  to  point,  and  be  brought  together  for  safe-keei»ng 
with  the  other  property  when  the  work  is  suspended.  Two  quarter- 
boats  having  a  capacity  of  48  laborers  each,  with  the  necessary  kitchen 
and  office  room,  and  with  accommodations  for  the  overseer,  &c.,  were 
built  at  a  cost  of  $2,000  each.  It  is  proposed  to  gradually  increase  the 
number  of  these  boats  as  appropriations  are  made. 

Barges  No.  4  and  No.  6  having  become  unserviceable,  were  condemned 
and  dropped. 

The  hull  of  the  steamer  Anita  is  nearly  worn  out,  but  can  probably  be 
made  to  answer  through  the  coming  year. 

RIPARIAN  RiaHTS. 

• 

One  of  the  most  important  questions  connected  with  the  improvement 
of  the  Mississippi  Biver  is  that  of  riparian  rights.  The  reasons  why  it 
is  of  special  interest  to  the  Engineer  Department  are  that  under  the 
present  frequent,  if  not  general,  interpretation  of  the  common  law :  Ist^ 
the  boundary  between  private  property  on  the  banks  and  the  public 
highway  is  not  defined,  while  it  is  of  great  importance  that  it  should  be 
defined  if  the  government  is  to  be  held  liable  for  damages  caused  by  i^s 
woHls,  and  it  is  important  in  any  event  in  order  to  avoid  trespass ;  2&i 
the  accretions  caused  by  the  works  belong  to  the  owner  of  the  adjoining 
land,  while  it  is  absolutely  necessary  that  the  govemm^it  should  eon- 
trol  these  accretione  for  a  considerable  period  after  they  emerge  from 
the  water ;  3d,  the  United  States  haw  no  title  to  alluvial  islands  formed 
by  nature,  (h*  to  lands  reclaimed  by  its  works,  while  it  requires  such 
lands  for  the  cultivation  of  willows,  and  should  in  equity  Ml  heir  to 
them  as  they  are  formed. 

It  is  uncertain  how  far  the  laws  declaring  the  Mississippi  a  public 
highway  have  impaired  the  right  of  private  ownership  of  the  bed.  Of 
the  two  States  bordering  upon  my  district,  the  courto  of  Illinois  hold 
that  this  right  still  exists;  those  of  Missouri  that  it  does  not.  The 
Supreme  Oourt  of  the  United  States  has  decided  that  it  does,  and  agaiu 
that  it  does  not  But  I  believe  that  a  majority  of  the  Sti^tes  hoAd  that  it 
does,  and  this  must  probably  be  considered  the  present  law  of  tlie  land. 
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'  It  cannot  be  considered  good  law,  becaii^  it  is  not  g«CM>d. policy.  Tlie 
soning  by  wbiek  the  adTcrse  decisions  referred  te  were  readied  was  proYy- 
ably  based  upon  the  supposition  that  the  puUic  requires  only  a  passage  ov&r 
the  bed.  Thatisnotthecase.  The  public  requires  to  go  down  to  and  im<f<»r 
the  bed  to  establish  substantial  works  ux)on  it  and  to  keep  them  there  for- 
ever. It  requires  to  remove  the  water  from  parts  of  the  bed,  and  to  put 
such  parts  to  its  own  uses  for  an  indefinite  period.  If  the  right  of  private 
ownership  is  recognized,  the  United  States  can  do  nothing  without  tres- 
passing  upon  private  property ;  there,  can  be  no  further  argument  as  to 
the  ownership  of  accretions  or  ^^  tow-heads,"  and  it  is  in  the  power  of 
any  ignorant  or  malicious  riparian  owner  to  place  endless  obstacles  in 
the  way  of  the  improvement. 

Considering  the  bed  as  a  whole,  the  question  of  ownership  is  of  ftvr 
greater  interest  to  the  United  States  than  to  any  individual,  for  to  the 
former  it  is  a  necessity  as  the  site  of  its  works,  while  to  the  latt^  it  is 
of  little  practical  value.  But  at  the  margin  of  the  stream  the  interests 
are  more  nearly  equal.  Coucedeing  that  from  the  nature  of  the  case  it 
is  necessary  that  the  government  (whether  State  or  national)  should 
own  the  bed  of  the  stream,  it  remains  to  define  what  is  meant  by  the 
bed,  and  to  fix  a  boundary  between  the  public  and  private  property. 
This  boundary  is  necessarily  a  movable  one,  and  must  be  the  water 
edge  at  some  given  stage,  a  low,  a  high,  or  a  mean  stage.  The  question 
*  has  been  decided  in  France  according  to  the  old  Boman  law,  "  ripa  ea 
pntatur  esse  quae  plenissimum  flumen  conUnet^^  and  there  the  bed  com- 
prises all  the  ground  covered  by  the  water  when  it  has  reached  its  great- 
est elevation  before  overflow. 

Whatever  elevation  the  waters  may  reach,  so  long  as  there  is  no  over- 
flow or  flood  they  are  within  their  own  domain,  and  this  is  properly  con- 
sidered the  bed.  The  question  of  determining  the  exact  level  at  which 
flood  begins  at  any  locality  is  left  to  the  executive.  This  arrangement 
bag  worked  well  there,  and  would  probably  work  equally  well  here. 

The  contraction  of  the  river,  where  it  is  excessively  wide,  results  in 
the  formation  of  considerable  bodies  of  reclaimed  land.  It  is  necessary 
that  this  land  should  remain  under  the  exclusive  control  of  the  govern- 
ment for  an  uncertain  number  of  years,  until  by  successive  deposits 
irom  the  river  it  has  been  raised  to  a  height  at  which,  with  suitable  pro- 
tection, it  is  secure  from  ever  becoming  again  the  site  of  the  river.  As 
riparian  rights  are  now  interpreted,  these  formations  become  the  private 
property  of  the  adjoining  land  owner  as  soon  as  they  emerge  fh>m  the 
water.  This  doctrine  seems  fair  enough  when  the  aeeretions  are  the 
resQlt  of  natural  causes,  but  when  they  are  the  result  of  large  expend- 
itares  of  money,  its  fairness  is  questionable.  The  accretions  may  be  an 
iojnry  to  the  riparian  owner  by  removing  from  him  water  for  his  animals 
and  his  land ;  but  frtmi  the  nature  of  the  case  they  would  not  be  caused 
in  any  but  places  that  are  already  shoal  or  liable  to  become,  so,  and  could 
not  cat  him  off  from  navigable  water  any  more  than  the  shoals  did  be- 
fore. On  the  contrary,  by  giving  him  a  right  of  way  across  the  new- 
made  land,  his  approach  to  deep  water  would  be  facilitated. 

It  seems  to  me  that  the  small  injury  of  compelling  him  to  go  some- 
what further  for  his  water  is  one  of  those  that  the  individual  must 
always  be  ready  to  suffer  for  the  benefit  of  the  public,  and  that  if  a 
right  of  way  be  allowed  across  the  new  land  to  the  river,  no  injustice 
vill  be  done  in  declaring  these  reclaimed  lands  the  property  of  the 
I  nited  States.  This  question  has  been  solved  in  a  different  way  in 
Franee,  by  fixing  as  the  boundary  between  public  and  private  property 
the  water-edge  at  a  high  stage.    The  new-made  land  thus  remains  under 
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the  exclusive  control  of  the  governineut  until  it  has  reached  a  height 
at  which  it  can  be  cultivated.  It  then  reverts  to  the  adjacent  proprie- 
tor, the  right  of  the  government  to  exact  an  indemnity  being  recog- 
nized. Probably  this  solution  would  be  a  less  shock  to  legal  prejudices 
than  for  the  government  to  assume  the  ownership  outright.  The  indem- 
nity exacted,  however,  could  only  be  the  difterence  between  the  value 
of  the  land  before  improvement  and  that  after.  The  former  being 
nothing,  the  financial  result  to  the  riparian  proprietor  would  be  the  same 
under  either  solution. 

Aside  from  the  necessity,  from  an  engineering  point  of  view,  of  con- 
trolling the  reclaimed  lands  for  a  series  of  years,  they  are  of  great  value 
to  the  government  in  the  cultivation  of  the  willows,  which  are  a  vital 
necessity  of  the  improvement.    The  supply  of  willow  brush  in  the  wild 
state  is  limited.    There  is  even  now  no  great  surplus,  and  if  the  opera 
tions  should  be  extended  there  will  be  great  difficulty  from  this  sour<^. 
At  present  the  price  is  low,  but  it  would  not  be  difficult  for  an  enter 
prising  individual  to  secure  such  a  monopoly  as  would  enable  him  to 
exact  a  price  many  times  as  high.    The  only  safeguard  against  exorbi 
tant  prices  or  a  faiiui^  of  the  supply  altogether  is  to  own  willow  plaiita 
tions.    Kow  the  means  by  which  it  is  expected  to  cause  deposits  upon 
the  reclaimed  land,  and  thus  raise  it  to  a  secure  height,  is  a  plantation 
of  willows.    We  have  therefore  not  only  made  the  land,  but  we  have 
also  stocked  it  with  a  growth  that  is  of  great  value  to  us  for  improve 
ments  elsewhere.    There  is  every  reason,  then,  why  the  government 
should  take  possession  of  these  lands  if  it  can  be  properly  done. 

Alluvial  islands  of  recent  formation,  or,  as  they  are  generally  known 
upon  the  river,  "  tow-heads,"  are  of  equal  value  to  the  United  States  for 
this  purpose,  and  of  no  value  whatever  to  any  other  person,  unless  the 
United  States  becomes  a  purchaser  of  the  product.  These  belong  either 
to  the  owner  of  the  adjacent  land  or  to  the  riparian  State,  but  in  no  case 
to  the  United  States.  A  title  to  them  could  be  obtained  from  the  legis 
latures  of  the  riparian  States  if  it  is  once  settled  that  they  belong  to 
those  States.  But  looking  at  the  subject  independently  of  the  law,  it 
would  seem  that  these  formations  should  belong  to  the  United  States, 
because  they  are  of  value  to  it  and  to  no  one  else,  and  because  in  exer- 
cising its  power  of  conservancy  it  often  finds  it  necessary  to  assume 
ownership  to  the  extent  of  removing  parts  of  them  as  public  nuisancer; 
also,  because  it  is  often  practically  impossible,  in  a  stream  a  mile  wide, 
with  a  frequently-shifting  channel,  to  tell  to  which  one  of  two  opposite 
States  the  formation  would  belong. 

It  seems  to  me  that  these  various  considerations  should  receive  the 
attention  of  the  government  now,  while  the  interests  at  stake  are  com- 
paratively small.  The  rectification  of  the  Mississippi  River  will  give  an 
intrinsic  value  to  ownerships  which  are  now  but  little  more  than  leases. 
The  value  of  .the  principal  product,  willows,  now  almost  nothing,  is  in- 
creasing, while  increase  of  the  population  must  necessarily  increase  the 
value  of  the  land.  To  leave  them  to  work  their  own  solution  in  the 
common  law  is  at  best  an  expensive  method,  and  judging  by  some  recent 
decisions  it  is  one  which  may  result  in  rendering  a  prosecution  of  the 
improvement  impracticable.  The  difficulty  can  be  solved  by  legislation 
declaring  the  bed  of  the  river  a  part  of  the  public  highway,  and  there- 
fore public  property,  and  defining  the  bed  to  be  all  ground  lying  below 
high-water  mark,  the  determination  of  the  exact  line  which  shall  be 
considered  high-water  mark  at  any  locality  being  left  to  the  executive.  It 
is  resi)ectfully  recommended  that  steps  be  taken  to  secure  such  legisla- 
tion. 
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DAMAGES  CAUSED  BY  THE  WORKS. 

Closely  related  to  the  foregoing  is  the  question  of  damages  to  riparian 
owners,  caused  by  the  works  of  improvement.  Although  its  settlement 
may  not  be  within  the  reach  of  legislation,  its  present  discussion  will  be 
profitable  if  it  shall  be  found  that  the  fbvernment  can  proi)erly  assume 
a  position  opposed  to  all  such  claims.  Having  taken  up  such  a  position, 
no  opportunity  should  hereafter  be  lost  to  obtain  and  record  evidence 
which  may  affect  it. 

Engineering  ox)erations  upon  the  river,  though  they  will  eventually 
l)enefit  all  riparian  owners,  will  at  first  affect  some  of  them  favorably 
and  some  unfavorably.  One  man's  property  will  be  washed  away,  while 
another's  will  receive  accretions.  One  water  front  will  become  inacessi- 
ble,  while  another  will  receive  the  main  channel.  These  changes  are 
constantly  occurring  in  the  course  of  nature,  and  are  submitted  to  now 
as  inevitable.  But  when  the  losses  can  be  charged  to  the  operations  of 
the  government,  the  sufferers  will  be  less  placid.  If  engineers  are  work- 
ing in  the  vicinity  the  changes  will  be  attributed  to  them,  whether  right- 
inlly  or  wrongfully,  and  Claims  for  damages  are  to  be  expected. 

In  an  opinion  of  the  Attorney-General,  Mr.  Caleb  Gushing,  dated  Oc- 
tober 19, 1853,  it  is  shown  that  while  the  jurisdiction  and  ownership  of 
the  shores  and  bed  of  a  navigable  stream  are  vested  in  the  States  and 
not  in  the  United  States,  "a  power  exists  in  the  Federal  Government — 
a  jw«  majistnticum — for  the  conservation  of  the  public  lights  of  naviga- 
tion and  commerce,''  and  he  remarks  that  "the  power  to  regulate  the 
U8e  of  the  shores  and  beds  of  navigable  waters,  so  that  the  lawftil  pur- 
I)oses  of  commerce  and  navigation  shall  not  be  hindered,  is  quite  dis- 
tinct from  the  right  of  eminent  domain." 

The  subject  under  discussion  by  him  was  the  power  of  the  United 
States  to  prevent  the  construction  by  man  of  a  nuisance  in  a  navigable 
water;  but  it  seems  to  me  that  the  application  of  the  principles  laid  down 
may  be  extended  to  such  natural  but  temiK)rary  nuisances  as  are  con- 
staDtl}'  being  constructed  by  a  silt-bearing  stream  like  the  Mississippi. 
Among  these  are  snags,  islands,  "tow-heads,"  bars,  and  other  shoals. 
Indeed,  such  application  is  tacitly  recognized  by  tne  appropriation  of 
money  for  the  removal  of  these  nuisances. 

But  the  government  is  liable  in  these  operations  to  be  considered  as 
acting  on  the  offensive  instead  of,  as  is  the  fact,  on  the  defensive.  The 
distinction  is  a  very  imiK)rtant  one,  when  the  claims  for  damages  by  ri- 
parian owners  are  under  consideration.  If  the  works  of  improvement 
are  works  of  conservancy,  and  are  planned  so  as  to  do  no  willful  and 
malicious  injury  to  an  individual,  there  can  be  no  vabd  claim  for  dam- 
ages. If  on  the  other  hand  a  new  state  of  affairs,  never  known  before, 
is  being  produced,  and  the  water  highway  is  really  being  made  better 
than  it  ever  was  before,  and  to  the  injury  of  a  riparian  owner,  as  in  a 
slackwater  improvement,  damages  may  properly  be  claimed. 

The  shoals  in  the  Mississippi  are  constantly  shifting  their  position,  and 
tliere  are  very  few  spots  now  occupied  by  them  where  there  has  not  been 
deep  water  within  a  recent  period.  It  is  pretty  well  established  that 
there  was  in  former  years  a  depth  of  water  throughout  the  navigable 
channel  at  the  lowest  stage  at  least  equal  to  what  we  shall  endeavor  to 
obtain  by  our  works.  It  would  of  course  be  impossible  to  show  that  the 
form  given  to  the  river  after  improvement  was  the  same  as  that  it  once 
bad,  but  it  would  be  sufficient  to  show  that  only  the  works  necessary  to 
remove  the  nuisance  and  to  keep  it  from  returning  had  been  constructed. 

It  is  a  fact  that  we  are  not  attempting  to  make  an  unnavigable  river 
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navigable,  nor  even  to  obtwn  a  greator  depth  at  aoy  given  point  than 
often  naturally  exists  there.  Althongh  the  river  as  a  whole  may,  when 
tdbe  work  is  oompleied,  be  in  better  eonditioa  than  it  ever  was  befoce, 
and  the  eharacter  of  the  stream  as  a  whole  is  thus  being  altered,  tlie 
same  cannot  be  said  of  any  small  portion  of  it  Oonsideiing  a  section 
bordering  upon  the  property  of  ^y  individual,  our  object  is  simply  to  i^- 
store  what  onoe  existed,  and  to  do  it  in  saoh  a  way  ti[iftt  the  restoration 
iriMtll  be  pennfuient.  The  river  may,  for  this  purpose,  be  compared  to  a 
railroad  constructed  originally  with  two  steep  slopes  in  its  cats.  Constant 
slides  obstruct  the  use  of  the  highway.  A  removal  of  the  obstnictioDS 
and  a  cfMrrecdon  of  the  slopes  pat  the  road  as  a  whc^  in  better  condi- 
tion than  it  ever  was  before ;  yet  these  are  strictly  worte  of  conservancy. 
There  is  no  doubt,  therefore,  in  my  mind,  that  all  works  of  improvement 
of  the  general  navigation  to  the  extent  of  obtaining  a  channel  depth  of 
10  or  12  feet  below  Saint  Louis  at  the  lowest  stage  may  be  properly  re- 
garded as  works  of  conservancy. 

This  view  of  the  matter  can  work  no  hardship  to  the  present  riparian 
owners.  As  before  intimated,  no  man  who  now  possesses  a  deep-water 
front  can  count  ui)on  long  retaining  it^  nor  can  the  owner  of  land  be 
assured  of  any  period  during  which  the  nver  will  leave  him  in  possession. 
He  holds  his  property  with  this  understanding,  and  it  is  valued  accord- 
ingly. 

CONTRACT  SYSTEM. 

All  work  during  the  year  has  been  done  by  hired  labor  and  the  par- 
chase  of  material  in  open  market.  It  is  intendetl  to  continue  this  system 
during  the  coming  year,  as  the  work  here  cannot  be  done  by  oontraet 
without  injury  to  the  public  interest.  Both  systems  have  been  tried^ 
and  the  contract  system  has  been  found  the  more  expensive  of  the  two. 
(See  Annual  Report  of  the  Chief  of  Engineers  for  1877,  page  514.)  But 
a  consideration  of  still  greater  importance  is  that  the  present*  system 
enables  us  to  make  advances  in  the  art  of  river  improvement  which 
would  not  be  practicable  under  the  contract  system.  The  plan  of  the 
improvement  is  one  thing;  the  method  of  con$truciAon  is  another.  I^o 
(Aange  is  contemplated  in  the  former.  It  is  the  jAau  reoommended  for 
rivers  of  this  character  by  every  engineer  of  repute  from  the  time  of  Frisi 
to  the  present  day.  It  is  in  brief  to  concentrate  all  the  waters  of  the 
river  in  a  single  water-way  of  moderate  width ;  that  is,  to  close  island 
chutes  and  contract  the  width  of  the  river  where  it  is  inordinately  great. 
It  is  t&e  plan  lately  recommended  by  the  Mississippi  Biver  OommissioQi 
and  there  is  no  presumption  in  saying  that  it  is  the  only  i)08sible  plan 
by  which  the  navigation  casi  be  improved.  But  the  methods  of  oop- 
struction  have  been  greatly  altered  and  improved.  Using  at  first,  in 
1873,  the  method  successfully  employed  upon  some  of  the  largest  Eu- 
ropean rivera,  we  have  by  suocessii^e  steps  developed  a  totally  difierent 
system,  as  is  shown  above  in  tlie  description  of  the  works  at  Horsetail- 
Each  step  forward  has  been  an  experiment,  and  to  this  the  contract 
system  would  have  been  directly  opposed.  The  present  method  is  con- 
sidered good,  but  it  cannot  be  asserted  that  no  further  advances  are  to 
be  made,  and  until  that  becomes  practically  the  case,  the  contract  sy^- 
tern  will  be  an  injury  to  the  interest  of  the  government 

The  treacherous  foundations  of  the  Mississippi  render  it  necessary  that 
the  engineer  should  have  full  liberty  to  change  his  plans  whenever  nec- 
essary ;  the  varying  height  of  the  water  makes  it  essential  that  he  should 
be  able  to  push  his  work  or  to  slaken  it  according  to  circiunstances ; 
adad  the  superior  building  power  possessed  by  the  river  at  one  seaaon 
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oomparod  to  what  it  peoaesses  at  aatother,  lendera  the  seasoa  of  the 
year  at  whieh  the  work  shall  be  ^lergetioally  pushed  far  ■bom  a  matter 
of  indrflbreiiee.  The  engineer  in  ehaige  mast^  therefore^  have  'ftiU  con- 
trol ei  ^m  works  and  all  ihm  details. 

To  place  their  execution  in  the  hands  of  a  contractor  would  alaioBt 
oertaudy  involve  failure.  Even  if  this  were  not  the  case  the  eontract 
^stem  would  necessarily  incveaae  the  ccMst.  There  are  serious  difficul- 
ties in  the  way  of  preparing  specifications.  All  estimates  are  necessa- 
rily uncertain. 

As  the  conditions  change,  the  character  of  the  work  is  liable  to 
change.  If  the  water  becomes  suddenly  deep  a  diflferent  form  of  eon- 
stmetion  is  required  from  what  would  be  used  if  it  remained  shallow.  A 
shifting  of  the  channel,  or  other  causes,  may  make  work  difficult  which 
promised  t4>  be  easy,  and  vice  versa.  Kuowing  these  risks,  responsible 
contractors  will  not  bid  without  a  wide  margin  of  profit.  The  result  is 
either  to  pay  a  high  price  for  the  work  or  to  throw  it  into  the  hands  of 
irresponsible  persons.  The  latter  would  probably  be  the  more  usual 
result,  and  it  would  in  the  end  be  &r  the  more  costly.  The  forfeiture  of 
bonds  is  a  poor  return  for  the  damage  caused  by  the  loss  of  a  working 
season  and  the  possible  necessity  of  preparing  new  plans,  involving  the 
removal  of  work  which,  in  competent  hands,  would  have  proved  bene- 
fieii^,  but  which  has  become  an  obstniction  to  navigation.  It  may  be 
said  that  a  careful  scrutiny  of  the  business  reputation  of  bidders  will 
prevent  the  latter  evil.  The  answer  is  that  between  those  x>e(rsons  who 
are  weU  known  to  be  responsible  and  those  known  to  be  the  reverse 
there  is  a  wide  field  of  character,  containing  all  grades  of  honesty  and 
oapaetty,  and  that  many  bidders  may  be  found  to  whom  no  valid  objec- 
tions could  be  raised  in  advance,  but  who  would,  nevertheless,  hold  a 
position  in  the  business  world  nsur  below  what  the  work  on  this  river 
le^nires.  And  it  should  be  bcMrne  in  mind  that  the  field  is  open  to  all  of 
them.  The  character  of  the  work  is  totally  different  firom  that  being 
exseuted  by  any  private  individual  in  tiiis  country.  If  a  bidder  could 
come  prepared  with  his  plant  and  with  experience  in  similar  vfotk  else- 
where, there  would  be  a  fair  chance  of  his  shutting  off  many  of  those 
who  have  neither;  and  there  would  at  least  be  a  pretext  for  awarding 
him  the  contract,  even  when  lower  bids  had  been  received  from  others. 
Bat  here  no  one  has  the  experience,  and  few,  if  any.  have  the  plant. 
With  oompetition  under  these  circumstances  there  can  oe  but  one  result, 
and  that  is  to  award  the  contract  to  the  person  who,  groping  his  way  in 
the  dark,  is  willing  to  take  the  greatest  pecuniary  risks  with  t^e  least 
profit  as  inducement  It  is  not  reasonable  to  expect  that  that  person  will 
be  the  one  who  wiU  have  the  inclination  and  the  power  to  carry  out  his 
oontaraet  at  any  and  all  costs  to  himself. 

APPBOPBIATXON   OF  JUX91B  14,  1880. 

The  allotments  made  from  the  appropriation  of  June  14, 1880,  amount- 
iug  to  $250,000,  were,  for— 

RqMun  Md  ooDtangeaoias |10,000 

LeTeUand  topography 5,000 

Horset^kilBar 150,000 

Cairo  protection 5,000 

Ucated  by  CongreM 20,000 

Total 190,000 

Which  leaves  a  bakmce  of  $60,000,  available  for  beginning  a  new 
work. 
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The  two  worst  places  between  Saint  Louis  and  Cairo  are  in  the  vicin- 
ity of  Widow  Beard's  Island,  between  Carroll's  Island  and  the  month  of 
the  Meramec,  and  just  below  Kaskaskia  Bend.  The  least  depth  of 
water  found  last  autumn  at  the  former  was  4  feet  4  inches,  and*  at  the 
latter  4  feet. 

The  changes  going  on  at  Kaskaskia  Bend  and  just  above  render  it 
impossible  to  foreteU  what  the  shape  of  the  river  will  be  in  a  few  years 
from  this  time,  and  what  will  be  the  line  of  its  approach  to  any  works 
which  might  be  planned  for  the  improvement  of  the  locality  mentioned. 

Attention  will  therefore  be  turned  to  that  portion  of  the  river  lying 
between  Carroll's  Island  and  the  mouth  of  the  Meramec.  A  survey  of 
the  locality  will  be  undertaken  as  soon  as  the  river  has  fallen  to  a  suit- 
able stage,  and  a  plan  of  the  works  requir«^d,  with  an  estimate  of  their 
cost,  will  be  submitted  a«  soon  afterwards  as  practicable. 

COMMERCE  TO  BE  BENEFITED. 

It  is  not  practicable  to  give  with  accuracy  the  amoant  of  commerce 
that  will  be  benefited  by  the  completion  of  this  work.  The  statistics 
collected  by  Colonel  Simpson  in  1877  showed  that  the  value  of  the  com- 
merce which  actually  floated  upon  the  Mississippi  between  the  Illinois 
and  Ohio  rivers  was  then  $178,000,000,  exclusive  of  the  value  of  vessels. 
This  evidently  is  no  measure  of  the  commerce  to  be  benefited,  since  the 
rates  by  river  affect  the  rates  by  rail.  A  considerable  part  of  all  the 
commerce  of  the  Mississippi  Valley,  whether  by  land  or  water,  must  he 
benefited  by  the  imx>rovement.  There  are  no  reliable  data  within  my 
reach  for  estimating  the  value  of  this  commerce.  It  has  been  estimated 
by  some  persons  at  $5,000,000,000.  Much  of  this  is  independent  of  the 
river,  and  the  value  itself  may  be  too  high  or  too  low ;  but,  without 
claiming  any  approach  to  accuracy,  the  figures  serve  to  give  a  general 
idea  of  the  magnitude  Of  the  interests  involved.  If  they  be  divided  by 
10,  a  value  of  $500,000,000  will  still  remain,  and  this  will  undoubtedly 
fall  below  the  truth. 

ESTIMATE  FOR  YEAR  ENDING  JUNE  30,   1882. 

It  has  been  shown  in  the  annual  reports  from  this  ofllce  that  the  great 
difference  between  the  annual  estimates  and  the  amounts  appropriated 
would  result  in  very  much  overrunning  the  total  estimate  before  the 
work  is  completed ;  and  the  opinion  wa«  expressed  last  year  that,  with 
annual  appropriations  of  $200,000,  as  have  prevailed,  the  final  improve- 
ment would  cost  $20,000,000  instead  of  $7,684,000,  h»  estimated,  and 
would  occupy  a  century.  Two  hundred  thousand  dollars  is  less  than  3 
per  cent,  of  the  total  estimate;  and  $250,000,  the  amount  of  the  appro- 
priation for  next  year,  is  about  3^  per  cent.  As  2  or  3  per  cent,  of  the 
total  cost  would  not  be  an  extravagant  estimate  for  keeping  the  works 
in  repair  after  they  were  once  wholly  completed,  it  is  evident  that  the 
time  and  the  cost  given  above  are  rather  under  than  over  stated.  The 
estimate  of  $7,684,200  was  submitted  in  1876,  previously  to  which  time 
$725,000  had  been  appropriated,  leaving  $6,659,200  to  be  provided.  The 
annual  appropriations  since  that  date  have  varied  from  nothing  to 
$250,000.  There  is,  therefore^  reason  now  to  add  to  the  original  esti- 
mate, but  it  is  retained  for  the  present  with  the  hope  that  enlarged 
operations  and  improved  methods  will  render  it  possible  to  recover  the 
ground  lost.  There  remained  to  be  appropriated  on  the  30th  of  June, 
1880,  $6,039,600.    Leaving  out  of  account  the  immense  financial  advan- 
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tages  to  the  government  and  the  public  which  will  result  annually  from 
securing  cheap  through  transportation  at  the  earliest  possible  moment, 
it  may  be  stated  that  the  work  will  be  accomplished  with  the  least  out- 
lay by  six  annual  appropriations  of  $1,000,000  each.  The  less  the  annual 
a{)))ropriation  the  greater  the  final  cost.  I  therefore  submit  an  estimate 
of  $1,000,000  as  the  amount  that  can  be  advantageously  expended  dur- 
ing the  year  ending  June  30, 1882.  And,  in  order  that  this  sum  may 
produce  the  greatest  results,  it  is  of  the  highest  importance  that  it  should 
l)e  applied  exclusively  to  the  works  of  primary  importance  to  the  navi- 
gation interest.  To  expend  any  considerable  portion  of  it  at  this  time 
in  the  protection  of  local  interests,  as  at  Alton,  Kaskaskia,  Cairo,  and 
similar  x)laces,  must  evidently  be  injurious  to  the  interests  of  commerce. 
It  is  desirable  that  such  of  these  works  as  Congress  thinks  proper  to 
]>rosecute  at  this  time  should  be  provided  for  separately.  Separate  es- 
timates for  those  which  have  been  begun,  viz,  Kaskaskia  and  Cairo, 
have  been  given  under  their  respective  headings.  These  aggregate 
1100,000,  which  is  adde<l  to  the  amount  required  for  the  navigation 
interest,  making  $1,100,000  in  all.  It  is  proposed  to  employ  this  sum 
m  completing  the  works  now  progressing  and  those  to  be  begun  at  Piasa 
and  Widow  Beard'n  islands,  and  in  beginning  works  near  Herculaneum, 
Platin  Kock,  Fish  Bend,  Fort  Chartres  Island,  Jones's  Point,  and  Hat 
Island,  of  which  detailed  estimates  cannot  be  given  in  advance  of  the 
survey  required  for  the  actual  beginning  of  each  work.  It  is  possible 
that  obstacles  may  be  developed  at  other  places  before  that  appropri- 
ation becomes  available,  which  may  be  worse  than  those  now  existing 
at  the  points  mentioned.  In  that  case  the  i>rogramme  given  would  be 
modified. 

In  submitting  this  estimate  attention  is  again  invited  to  the  fact  that 
the  forces  which  have  injured  the  navigation  of  this  portion  of  the  Mis- 
}<ij»ippi  are  still  at  work.  It  cannot  be  stated  too  often  or  too  plainly 
that  the  navigability  of  the  river  is  in  danger.  The  question  involved 
is  not  simply  whether  better  navigation  shall  be  secured,  but  whether 
i^uch  as  now  exists  shall  be  preserved.  The  works  required  to  accom- 
plish the  one  object  may  be  made  to  accomplish  the  other.  The  longer 
the  execution  of  them  is  postponed  the  more  there  will  be  to  do,  and,  as 
before  stated,  the  slower  they  progress  the  more  they  will  cost. 

The  work  is  located  in  the  collection  district  of  New  Orleans. 

Aioonnt  of  revenne  collected  at  the  port  of  Saint  Louis  for  the  fiscal  vear  endiug 
June  30,  1S80,  was  $1,176,009.57. 

Money  statement. 

Jttlyl,  1879,  amount  available 1^-^00,245  27 

Afflonnt  received  for  fuel  sold  to  oflScers 30  00 

'  Amount  appropriated  by  act  approved  June  14,  1680 250, 000  00 

.«;450, 275  27 

July  1,  iSdOj  amount  expended  during  fiscal  year : 

%  Col.  J.  H.  Simpson,  Corps  of  Engineers 127, 118  66 

ByCaptO.  H.  Ernst,  Corps  of  Engineers 38,396  55 

July  1,  1880,  outstanding  liabilities 1, 421  49 

166, 93*)  70 

Jnlyl,!*^,  amount  available 283,33*^  57 

Amount  (estimated)  required  for  completion  of  exiHting  project 6. 0:19, 600  00 

Amount  that  can  be  profitably  expended  in  fiscal  vear  ending*  June  30, 
1«^ .\ 1.100,000  00 

87  E 
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f'oiistruciion  account. 


Xaiue  of  work. 


'Piaaa  iHland  Dam 

Altou  I>aiu 

Sawyer  6<'nd  Prote<;t ion 

Vt'uh^  Dikes 

A FMcnal  Inland  Prutection 

C'loMiDg  Cahokia  Chato 

Horaetail  Bar.  Dike  1 

Hor«etail  Bar,  Dike  2 

Horsetail  Bar,  Dik<'  3 

Horaetail  Bar.  Dike  4 

Jloraetail  Bar.  Dike  5 

Hoi-setail  Bar,   Training  Wall  and 

ilurdles 

Fort  Chartrea  Dam 

Turkey  Island 

Kaska'skia  Protection 

Liberty  Island  Dam 

'  Tiiberty  Island  Protection 

Devil  Island.  Dike  1 

Devil  Island.  Dam  1 

Devil  Island,  Dam  2 

Cairo  Protection 

Totals. 


$:rj.3»3  30 

3;{,  623  92 
06,ft03  63 
36,341  85 
9,  673  K.') 
10.1, 140  80 
40,  .'>49  .>;< 

23,  WW  26 
82, 692  r4 

41.290  n 

36,  9:KJ  87 

8.'»,241  21 
36,812  86 

24.  463  8.> 
;J5,437  86 

.%  053  91 
4.">,  129  40 
6.'>,871  17 
49, 848  58 
10,  (J78  30 
&~>.  144  iS 


E3  bCi 


'»  Co 


K 

K 


$12,938  71 


986,  674  37 


85, 143  39 


18,701  42 


28,  206  95 


s 


e 
H 


$:]2,  :»3  30  • 

83,623  92 
96,003  63 

86,341  85 
9,673  85 
116,088  60 
40, 549  5:{ 
2:j,  600  26 
82,692  M 
41,290  11 
36, 933  87 

170,  384  60 
36,812  86 
24, 463  &5 
54, 139  28 
5,  053  91 
45, 129  40 
65,871  17 
49,  848  .'W 
16, 678  30 

113,:i51  43 


r 

c 


m 


C    . 


144,  990  47  I  1, 131, 664  84 


841, 210  73         $8,  W7T  4 ! 

40,  UOO  00  6, 3T<S  14 

142;  211  62  1      45,407  !4 

40,000  00  I        3, 6.**  II 

19,673  85  ' 

116, 088  60  

40,  .549  53  , 

23,600  26  ' 

82,602  54  ; 

41.290  11  I 

38,933  87  

I 
820,  384  60       150,  mx)  'd 

46,  562  86  >         9.  ''41  «( 

32,  .565  46  I         a  10]  6! 
258, 139  28       204, 000  - 

5,0,53  91 

45,129  40  ' 

(   150, 000  00         17, 601  J- 
172. 500  00         59, 14*  '' 
1, 644,  588  62  '     512.  «•!  T?  i 


Propei-ti/  and  material  account. 


Cla»s  of  priiperty 


Balance 
July  1. 
1879. 


Dr. 


Cr. 


Balanc 
June  3". 
1880. 


C>ffic«  furniture $172  05 

Inairaments  and  survey  material '  1, 089  20 

Pile-drivers 4,347  44 

Barges 25,880  01 

Two  tow-boats,  one  launch,  d-c,  and  exjvenses 27, 710  52 

Smallboat* 145  26 

Oeneral  expenses  of  pi-operty 21, 437  09 

Material  and  auarry  privil(^K^.s i  2,912  23 

Tools  and  appiian(vs '  644  63 

i^uai-ters,  shops,  dtc I  4,080  05 


$112  00 

42  50 

960  28 

3.623  46 

31, 302  70 

505  98 

1,845  36 

73, 438  52 

3,  855  61 

4,795  32 


$60  00 

75  00 

3,687  00  ' 

9,434  23 

36,888  97 

250  00  . 

'73,' 863*  26' 
2,835  23  ' 
1,380  00 


Totals I    88,418  48     120,47173     128,263  39         80,826 


$224  'i-  ■ 
1.056:" 
1, 610  Ti  j 

20,  oe9  :h  ■ 

22, 124  V 

401  ti  I 
23. 282  +' ' 
2, 497  M 

•  1,865>': 
7.49.>i: 


£ngineei'  Office^  United  States  Amiyy  in  aecount  with  the  United  States. 


To  appropriations,  allotments,  &.C., 

prior  to  Julv  1, 1879 i$l,  443, 226  80 

To  allotment  n-om  appropriation  for 

examinations,  sorveys,  Sec '         2,  000  00 

To  appropriation  for  improvement  of 

Mississippi  River  between  Illiuois  1 

«nd  Ohio  rivers,  approved  June  14, 

lUiiO 250,000  00 

To  appropriation  for  improvement  of  . 

Mississippi  River  at  or  near  Cape 

Girardeau  and  Minton's  Point,  Mo. ,  , 

approved  June  14,  1880 20.000  00 

To  appropriation  for  ice  harbor  at 

Saint  Louis,  Mo.,  approved  Juu«; 

14,  1880 50.000  00 

To  cosh  for  fuel,  sold  to  officers 30  00 

To  unpaid  percentage ;  900  17 

"J-*  J iftbility  for  labor ,  521  32 

Total 1.766,678  29 


By  expenses  of  office $50,351  >^* 

By  general  ciigiueering 34, 176  '.'': 

By  surveys 106, 0»<  "< 

By  constructions 1, 131,664  f^ 

By  l>alance  on  account  of  propei^y , 

&.C 80,6*J6  ». 

By  cash  on  hand  and  in  Treasury.  354. 76<>  i'^ 


Total 1.  766. 67«J  :^J 
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A. 

REPORT  OF   MR.    D.   M.    CURRIR,   ASSISTANT  RNGINKKR. 

Saint  Louis,  Mo.,  July  8,  1880. 

Captain  :  The  following  report  of  operations  for  the  improYement  of  the  Mississippi 
River  at  Cahokia  Chute  and  Uoi'setail  Bar  during  the  fiscal  year  ending  June  30, 1880, 
iii  reflpectfnUy  submitted : 

cahokia  chute. 

The  dam  across  Cahokia  Chute  was  broken  on  or  about  August  30,  while  the  water 
was  approaching  the  low  staae.  The  breach  after  being  fully  developed  was  300  feet 
nide  wiUi  24  feet  maximum  oeptli*  Its  location  was  eastward  from  a  point  100  feet 
I'rom  Arsenal  Island. 

The  leyetment  on  Arsenal  Island  below  the  dam  was  seriously  iiigured  by  the  strong 
current  pouring  through  the  breach,  which  eroded  the  bed  to  great  depths  and  under* 
mined  it.  The  dam  had  settled  at  several  points  along  its  length  so  that  its  crest  pre* 
i^nted  an  uneven  surface  and  an  irregular  width. 

The  work  of  closing  the  breach  was  commenced  on  the  2d  and  completed  on  the  20th 
of  September.  In  closing  this  breach  large  stonie  was  used  to  break  u^  strong  currents 
aod  was  found  to  be  in  uie  interest  of  economy.  A  considerable  savmg  was  made  iu 
the  amount  of  material  required  by  a  change  in  the  alignment,  deflecting  it  up  stream, 
bo  that  the  hole  in  which  tne  maximum  depth  was  found  extended  only  into  the  lower 
''lope  instead  of  across  the  whole  base  of  the  dam,  as  it  would  have  done  had  the  dam 
l)66n  reinstated  upon  its  original  line. 

After  closing  the  breach  tne  crest  of  the  dam  was  dressed  to  an  even  surface  and  as 
Dearly  to  a  regular  width  as  practicable  at  moderate  expense.  Its  general  elevation 
y^M  left  9  feet  above  low-water  with  approaches  at  each  end  rising  by  gradual  slopes 
to  14  feet. 

A  mat  of  brush  was  placed  in  the  base  of  the  revetment  below  the  west  end  of  the 
<lam,  and  a  revetment  of  stone  was  extended  up  the  slope  of  the  bank  to  about  12  feet 
«bove  low-water.  The  bank  above  that  elevation  being  vertical,  or  nearly  so,  was 
ieft  to  receive  a  slope  by  the  action  of  the  river  at  high  stages  before  being  revetted. 
All  of  these  repairs  were  completed  by  the  last  of  October. 

The  following  statement  shows  the  quantities  and  cost  of  material  expended : 

9.556.77  cubic  yards  stone  placed  as  riprap $12,280  <>5 

118.09  cords  brush 246  HI 

Knipneering  and  coutiugencies 411  2r> 

Total 12,938  71 

lIOitSETAIL  BAR. 

The  work  of  this  fiscal  year  at  Horsetail  Bar  was  in  continuation  of  the  construction 
^f  the  training  wall,  and  the  hurdles  in  rear  of  it. 

Daring  the  two  years  immediately  preceding,  a  section  of  the  training  wall  was 
l)uilt  between  dikes  Nos.  3  and  4,  and  another  irom  the  willow  bar  above  dike  No.  2 
down  stream,  a  distance  of  5,950  feet,  leaving  a  gap  2,500  feet  long,  which  had  au 
average  depth  of  22  feet  with  the  stage  of  the  river  at  IS  feet  above  low-water.  To 
t'lofle  uiat  gap  was  the  object  of  this  year's  work  on  the  training  wall. 

On  the  map  of  Horsetail  Bar,  showing  progress  of  work  and  the  results  obtained, 
this  eap  is  shown  between  points  marked  P  and  Q. 

OTthe  lines  of  hurdles  shown  on  this  map,  all  of  those  above  dike  No.  2,  and  the 
third  one  below  the  dike,  were  built  last  year. 

The  progress  of  the  silting  up,  or  the  results  obtained,  may  be  seen  in  a  general 
May  by  comparing  the  soundings  which  are  shown  on  this  map,  after  being  reduced 
to  the  same  plane,  from  surveys  made  at  different  dates,  as  follows :  March  ^  to  April 
*'  1S79;  January  26  to  28,  March  5,  9,  and  17.  and  June  29  and  30,  1880:  or,  better, 
l>y  comparing  profiles  made  fr'om  soundings  which  will  be  introduced  in  tne  details  of 
the  work. 

The  first-named  survey  extended  only  down  to  dike  No.  3.    At  that  time  there  was 

»  hole  below  dike  No.  3,  70  feet  deep  at  low  stages  of  the  river ;  while  below  dike  No. 

''^  ft  hole  is  shown  52  feet  -deep.    Both  of  these  had  filled  considerably  before  the  opera- 

'tiona  of  this  fiscal  year  commeuced,  the  former  to  about  50  feet,  and  the  latter  to 

-J  feet. 

Truining-toaU, — ^In  obedience  to  verbal  instructions,  estimates  of  the  probable  cost 
^f  closing  the  gap  in  the  training-wall  were  submitted  September  9,  in  which  seven 
"lifferent  forms  of  construction  were  compared,  ranging  iu  solidity  between  a  solid 
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wall  of  stone  placed  in  riprap  on  a  bmah  fonndation,  as  shown  in  estimate  No.  1,  to 
a  permeable  stmctnre  made  bv  planting  feathers  npon  a  foundation  mattress,  &«>  in 
estimate  No.  7 ;  and  in  probable  oost  between  $100,000  for  the  stractore  contemplated 
in  estimate  No.  1,  to  $17,000  for  that  in  No.  7. 

The  form  proposed  in  estimate  No.  7  was  approved,  and  its  construction  prooee^ltU 
with  in  obedience  to  instractions  received  per  letter,  of  which  the  following  is  a  copy : 

'*  Enoinber  Offics,  United  States  Aemt, 

''SaiHt  LouiB,  Mo.,  September  9,  187'J. 

**  Sir  :  Your  letter  of  this  date,  submitting  estimates  of  cost  for  closine  the  gap  i) 
the  training-wall  at  Horsetail  Bar,  naing  various  forms  of  construction,  has  been  if - 
ceived. 

''Your  design  numbered  7,  consisting  of  mattress  and  'feathers,'  promises  (^oivl 
results,  and  is  worthy  of  a  trial.    Yon  will  please  proceed  with  the  work,  using  tl  a. 
form  of  construction,  keeping  careful  notes  of  cost  and  results. 
**  By  command  of  Colonel  Simpson,  and  in  his  absence. 
**  Very  respectfully, 

*'0.  H.  Ernst, 
'*  Captain  of  Enginf^^r 

The  following  extract  from  the  letter  submitting  the  estimates,  describes  the  e«i^v.- 
tial  features  ofdesign  numbered  7  to  which  reference  is  made  in  the  foregoing  lett4'i . 

'*  ESTIMATE  NO.  7, 

'^  F^or  a  )H^rm4'ablo  structure,  which  may  be  made  by  planting  a  sufficient  nun.l"/ 
of  feathers  on  a  foundation  mattress  to  check  the  currt'nt  aud  cause  deposits. 

<'A  feather  may  be  made  by  taking  two  saplings  as  long  as  can  be  obtaine4l  co-  - 
voniently  and  nailing  smaller  saplings  or  brush  to  them  (see  diagram  3  a)  an  clos4>  t«- 
i;ethcr  as  iniiy  be  practicable  throughout  their  entii'e  length,  and  then  it  may  l*** 
])lanted  on  the  mattress  while  afloat  by. anchoring  its  butt  end  to  the  bottom  grilhu." 
and  attaching  its  top  to  a  buoy.  The  buoys  may  be  boxes,  barrels,  or  booms  foni.'  •' 
of  dry  logs  or  driftwood." 

Other  details  were  given  which  may  be  omitted  here,  as  they  will  be  found  in  the  «!•  - 
Hcription  of  the  work  actually  done.  ^ 

In  accordance  with  verbal  instructions,  suitable  floating  ways  for  constructing  a*  ' 
launching  mattresses  in  place  were  prepared,  using  fortius  purpose  barge  No.  3,  wliii :. 
had  become  unserviceable  for  the  transportation  of  heavy  material.  To  p  epare  th* 
barge  for  the  reception  of  the  ways  it  was  cut  in  halves  after  running  bulkheads  acro^-^ 
on  either  side  of  the  midship  section,  cutting  the  gunwales  away  to  give  the  proper  sloi  < 
to  the  ways,  and  flrmly  connecting  the  parts  together  as  shown  in  Fig.  1. 

In  Fig.  1,  which  is  a  perspective  view  of  the  ways,  illustrating  their  form  of  coi- 
stmction,  A  A  are  parts  of  the  barge  connected  together  by  the  beams  B  B.    The  wa.v> 
a  a  Of  &.,  project  over  the  end  of  the  barge  to  ease  the  mattress  into  the  water,  an 
at  the  opposite  end  a  clear  space  was  left  on  the  barge  for  convenience  in  haudli'u 
lines  and  material. 

The  ways  had  an  available  width  of  58  feet,  and  about  the  same  available  leii<:' 
was  aU  that  could  be  obtained.    A  platform  was  suspended  from  the  beams  w}ii> 
supported  the  ways  over  the  space  between  the  parts  of  the  barge,  and  a  portion  ••• 
the  deck  was  left  ofl"  the  barge  so  that  men  could  pass  under  the  mattress  while  « o. 
structing  it. 

These  preliminary  preparations  having  been  completed,  the  work  of  closing  tb<-  ^ii.> 
was  begun^at  the  upstream  end  September  27,  ana  was  vigorously  prosecutod  fn»: 
that  date  to  December  15,  when  it  was  suspended  on  account  of  ice  running  in  i)>' 
river.  It  was  resumed  January  12,  and  continued  until  the  close  of  the  flscal  yea~ 
with  a  greater  or  less  force,  according  to  circumstances,  the  force  being  regulated  t<> 
some  extent  to  suit  the  varying  conditions  of  weather,  stage  of  river,  aud  state  »t 
available  funds. 

A  permeable  system  of  works  has  been  adhered  to  throughout  the  year.  The  i<*  - 
lowing  forms  of  construction,  however,  have  been  tried  experimentally :  The  mattn^-. 
with  fathers  attached:  the  mattress,  with  curtains;  and,  without  the  mattress,  tli' 
open  curtain  an<l  the  closely  woven  curtain.  Each  of  tlieee  presents  novelties  w  lii«  '^ 
may  make  a  special  description  interesting. 

Referring  to  the  accompanying  tracings,  Fig.  2  is  a  perspective  view  of  the  funu  »i 
construction  made  by  attaching  feathers  to  a  foundation  mattress  in  which  A  is  tK' 
mattress,  £  F  are  feathers  attacned  to  it  by  flexible  connectious,  c  eaud  B  B  are  buoy- 
supporting  the  tops  of  the  feathers  at  any  desired  height.  Fig.  3  is  an  end  view  oi 
tiae  same,  and  Fig.  3  a  is  a  cross-section  of  a  feather. 

The  mattress  A  was  constructed  of  a  lower  series  of  poles,  a,  attached  to  the  lou.  - 
tudinal  ties  C ;  above  the  poles  a  longitudinal  poles  (  were  laid ;  above  these  two  t.t  .^ 
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of  brush,  //  and  #»,  were  laid,  crossing  each  other  as  shown ;  and  above  these  a  series  of 
\Hy\e»,  h.    The  whole  was  bound  together  by  wires  or  small  lines  of  sisal,  manila,  or 
liirred  rofie  passing  through  the  mattress  from  the  upper  to  the  lower  series  of  poles. 
Liiif?t  i>f  sisal  rope  were,  for  economical  reasons,  more  used  than  the  others,  though  all 
wen*  used  experimentally. 

The  ties  C  were  used  to  give  tenacity  and  strength  to  the  mattress,  and  to  facili- 
tate the  ease  with  which  it  could  be  moved  and  sunk  in  long  sections  or  continuously. 
To  serve  this  purpose  required  that  they  should  have  tenacity  and  strength  sufficient 
to  resist  the  force  presented  by  the  different  velocities,  depths,  and  directions  of  cur- 
rrnt:*,  «lriftwood,  and  other  debris  incident  to  variable  stages  of  the  river,  together 
\\  ith  the  weight  of  the  ways  and  a  floating  section  of  mattress.  They  were  usually 
four  in  nnmlSr,  of  manila  rope  of  from  4  to  5  inches  in  circumference,  according  to 
the  forces  they  would  probably  have  to  resist. 

Liueft  were  also  attached  to  the  mattress  transversely  at  suitable  intervals,  to  be 
nv^d  in  hauling  it  into  position  and  holding  it  there  while  being  sunk.  These  lines 
were  so  attached  that  tliey  could  be  removed  after  the  mattress  was  placed.  This 
was  done  by  weighting  long  sections  of  the  foundation  mattress  with  stone  keeping 
ill  ways  a  short  section  afloat  to  keep  up  the  continuity.  Although  the  form  of  mat- 
tif?B<  tiereiu  descrilied  was  that  most  generally  used,  otlier  forms,  consisting  some  of  3 
Tiers  of  hrnsb,  and  some  of  only  1  tier  were  tried. 

Th«^  feathers  were  attached  at  the  most  convenient  time  after  the  mattress  was  com- 
jM'eted.  ivgardloss  of  the  time  of  launching.  They  were  made  in  place  by  taking  two 
I'oles  Ht*lected  from  the  brush  of  larger  size,  having  a  length  about  equal  to  twice  the 
W»'pth  of  water,  and  nailing  brush  to  them  as  shown  in  Pigs.  2,  3,  and  3a.  Their  butt 
tiids  were  attached  to  the  foundation  mattress  by  means  of  small  lines  of  sisal  rope. 
Tliex*  lines  were  usually  about  f  inch  in  diameter.  Buoys  made  of  second-hand 
water-tight  barrels  were  attached  to  the  tops  of  the  feathers  by  means  of  lines  of 
Moall  «isal  rope. 

Althoui^h  the  feathei*s  made  and  attache<l,  as  shown  in  the  accompanying  tracings 
aiitl  cle«cnbed  in  the  preceding  paragraph,  proved  to  be  an  excelleirt  device  for  the 
puriMise  for  which  they  were  (^signed,  and  especially  well  adapted  for  use  in  stioag 
t  rtMis-cuiTents  on  account  of  their  freedom  to  swing  in  the  cun'eut  from  being  attached 
!•>  the  fuundation  mattress  at  a  single  point,  as  a  consequence  presenting  a  minimum 
>:irface  to  the  action  of  the  current,  still  their  construction  proved  to  l>e  tedious  and 
t  hv  pix»gr«'ss  made  was  slower  than  had  been  anticipated. 

'  Cx.]>eriuieuts  were  therefore  made  w^ith  other  devices  for  the  vertical  or  inclined 
member  iu  order  to  find  some  form  equal  to  feathers  in  efficiency,  which  could  be  con- 
•*tnict4*d  more  rapidly  and  at  less  cost.  These  experiments  were  successful  and  led  to 
the  sitlistitution  of  a  design  which  is  described  in  the  following  extract  from  a  letter 
iiiiientliiig  the  original  design  and  asking  authority  to  make  further  experiments,  whicq 
wa.-i  '^iibiuitted  October  15. 

" '  I>6»ign  for  a  mattress  t<»  prfttect  the  bottom  against  scour,  combined  with  a  permeable 
Mi.ipeuded  component  to  check  the  current  and  cause  deposit®  in  the  rear  of  it;  said 
M  impended  component  mav  be  composed  of  feathers,  weeds  or  curtains^  or  any  combi* 
nation  of  them,  and  should  be  attached  to  the  mattress  while  afloat.  The  mattress 
when  Hunk  will  form  the  anchorage  for  the  suspended  component.  Feathers  were  de- 
fined  in  the  letter  to  which  this  refers.  Weeds  may  be  the  Brown  low  weed  or  any 
tnodificatiou  of  it.  Curtain,  as  used  here,  means  a  suspended  mattress,  and  may  be 
made  iu  any  of  the  usual  forms  having  any  desired  degree  of  flexibility  and  permea- 
bility, and  either  in  sections  of  any  convenient  length  or  continuous.  An  edge  of  the 
t'lrtaiti  haviug  been  attached  to  the  miittre^,  the  opposite  edge  is  kept  afloat  by  one 
«r  more  buoys.  The  curtain  and  mattress  may  be  oonstrncted  together  by  sinking  one 
vide  of  the  mattress  aud  buoying  the  other.  In  that  case  flexibility  may  be  obtained 
by  severing  the  mattress  on  the  line  of  division  of  the  sunken  and  suspended  portions 
itnd  fonoectiiig  the  parts  by  ropes,  wires,  or  other  suitable  means. 

**  The  secrions  may  be  made  in  two  or  more  sections,  vertically,  in  convenient  lengths, 
aud  may  be  folded  on  the  mattress  for  convenience  in  making  aud  placing  them,  or 
tbey  may  be  made  to  roll  u)i  after  the  manner  of  Venetian  blinds. 

**'The  mattress  may  be  made  in  sections  of  any  desired  length  or  continuous. 

**  This  design  in  some  of  its  forms  is  applicable  to  the  improvement  of  silt-bearing 
fctreaniJi.  as  dams  inclosing  chutes  or  other  branches  for  the  protection  of  caving  banks 
beUiw  low-water,  for  contracting  channel  widths,  and  forgiving  direction  to  currents, 
atiil  it  may  be  nsed  in  either  shoal  or  deep  water.'' 

Authority  to  make  further  experiments  having  been  granted,  the  forms  of  construc- 
tion Mhowu  iu  Figs.  4,  5,  6,  and  7  were  used  experimentally.  In  Fig.  4  is  shown  a 
fKTwpective  view  of  mattress  A,  with  curtain  H,  folded  upon  it  on  the  ways  to  illns- 
trat«*   the  mode  of  construction.      The  curtains  were  usually  constnict'Cd,  however, 
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after  launching  the  mattress.  Fig.  5  is  a  perspective  view  of  the  mattress  and  curtain 
after  being  placed. 

In  Fig.  b  an  end  view  is  shown  of  the  mattress  with  2  forms  curtains  H  and  H^,  H 
being  the  same  as  Hhown  in  Figs.  4  and  5,  except  that  one  section  is  left  off.  Fig.  7 
shows  an  end  view  of  the  mattress  with  an  edge  8upporte<l  at  the  desired  height  to  form 
the  inclined  member.  H  and  H  are  mattresses  made  in  the  usual  form  with  one  or  two 
tiers  of  brush  as  was  desireil  to  suit  the  wants  of  each  case.  They  were  jointed  and 
folded  on  the  foundation  mattress  for  convenience  in  handling  during  constmctiou. 
IV  was  made  by  weaving  brush  on  a  warp  of  wire  or  sisal  ropes.  It  was  rolled  up  on 
the  foundation  mattress  during  construction  and  unrolled  itself  in  placing  it. 

The  fomis  shown  in  Fig.  2  to  7,  inclusive,  were  used  prior  to  December  1,  and  in  loca- 
tion from  the  ux>per  end  of  the  gap  down  stream  a  distance  about  1,500  feet.  The 
foundation  mattress  was  built  in  two  sections,  one  extending  965  feet  and  the  other 
from  that  to  the  lower  point  to  which  this  form  was  used.  A  section  of  mattress  with 
ouitains  attached  went  adrift  during  a  storm  November  18,  and  another  section  wan 
lost  December  1,  while  being  placed.  The  stage  of  the  river  at  that  time  was  unfa- 
vorable for  placing  mattresses  in  long  sections  in  that  part  of  the  training  wall,  the 
bars  on  the  east  side  of  it  being  submerged  while  the  solid  portion  of  the  upper  sec- 
tion of  the  wall  was  above  water,  which  caused  a  strong  current  to  set  eastwara  across 
that  part  of  the  wall  under  process  of  construction,  which  combined  with  the  improba- 
bility of  having  continued  lavorable  weather  after  the  1st  of  December,  made  it  inex- 
})edient  to  continue  the  form  of  construction  that  had  been  used. 

The  construction  of  the  training  wall  was  continued  with  a  light  form  of  curtniu  iu 
compliance  with  instructions  contained  in  your  letter  dated  DecemVr  2,  of  which  the 
following  is  a  copy : 

**  ExGiNKEK  Office,  United  Statks  Army, 

**  iiaint  Loxmy  Mo.,  December  2,  1?C9. 

'*  8iR :  In  continuing  the  construction  of  the  training  wall  at  Horsetail  Bar,  you  will 
please  use  during  the  remainder  of  the  season  a  simple  openwork  curtain  without  the 
iiorizontal  mattress.  This  curtain  isto  be  anchored  to  the  bottom  by  stones,  the  upper 
Hide  buoyed  as  before.  It  will  be  constructed  of  willow  brush  of  the  size  now  nseil, 
and  it  will  consist  of  a  single  thickness,  the  pieces  being  placed  12^'  apart  from  center 
to  center,  thus  leaving  an  open  space  between  the  pieces  of  about  8  inches.  The 
]>ifK;e8  will  be  so  placed  that  they  will  occupy  a  vertical  position  when  anchored.  They 
will  be  bound  together  with  wire  as  verbally  explained  to  you.  , 

''You  axe  requested  to  preimre  one  of  the  barges  for  attaching  the  anchora  and  tri)>- 
ping  them  all  t'Ogether,  as  verbally  explained  to  you.    The  curtains  should  be  made 
in  lengths  as  great  a«  practicable  to  sink  at  one  dperatitm.    llie  limit  will  probably 
be  about  the  length  of  the  anchoring  barge. 
'•By  command  of  Colonel  .Simpson. 
'  *'  Very  respectfullv, 

"O.  H.  Ernst. 
^^CapUUn  of  Engimetr^. 
**  Mr.  D.  M.  CrRRiE, 

^  ^As9i«tan  t  Entfineer. " 

The  work  was  continued  with  a  single  line  of  this  open  curtain  until  interrupted  by 
ice,  December  15,  when  it  had  been  extended  to  the  upper  end  of  the  lower  section  oi' 
training-wall,  though  not  quite  to  the  portion  above  water. 

The  last  of  these  curuiins  was  placed  December  13,  and  had  their  buoys  cut  ofi*  socm 
after  by  ice,  which  commenced  running  heavily  two  days  later,  giving  them  an  iu- 
suflicient  test. 

The  form  of  construction  described  in  the  foregoing  letter  and  used  from  December 
2  to  15,  is  shown  in  pers^iective  with  anchorage  attached  in  Fig.  8,  in  which \K  are  au- 
chors,  W  weights  of  stone  att>ached  to  the  lower  edge  of  the  curtain.  Pending  the 
preparation  of  a  barge,  the  curtain  was  constructed  upon  temporary  ways  erected  ou 
one  of  the  barges  by  placing  stage  plank  with  one  end  raised  upon  trestles,  which 
Kcrved  the  purpose  well,  except  that  the  length  was  limited  to  from  25  feet  to  30  feet 
by  the  spaces  between  the  ho^-chain  braces. 

The  anchuro  K,  ^howu  in  Fig.  6,  were  made  by  filling  with  stone  a  receptacle  pre- 
pared by  taking  three  pieces  of  saplings  about  4  feet  long,  and  placing  tnem  in  the 
base  in  the  form  of  an  equilateral  triangle,  with  sides  about  2  feet  long,  letting  the 
ends  of  the  saplings  project.    Having  l>ored  ntdes  through  the  intersections  and  middle 

Jioints  of  the  sides,  these  hoop  poles  were  bent  and  an  end  of  each  passed  through  the 
loles  in  the  middle  points  of  the  sides  and  the  other  ends  passed  through  the  holes 
through  the  opposite  intersection  of  the  saplings,  and  all  were  fastened  in  place  with 
wedges.  Then  wire  or  small  rope  was  woven  on. the  i>oles,  forming  an  open  basket  or 
receptacle,  with  meshes  small  enough  to  hold  stone,  the  bottom  being  of  rough  boanls^ 
or  saplinffs.  These  anchors  are  shown  in  horizontal,  vertical,  and  isometrical  projec- 
tions in  1* igs.  ^Uj  slfc,  ?-c,  respectively.     They  contaiued  from  ti(K)  pounds  to  1,000 pound* 


APPENDIX   P.  1383 

of  stone.  Tbey  wero  used  tlirongbont  the  remainder  of  the  year  but  the  rnanuer  of  at* 
tatiiin^  was  cbaoffed  fniin  that  shown  in  Fig.  8  to  that  .shown  in  Fig.  9,  by  which  the 
wi;i)(ht4i  attached  directly  to  the  lower  edge  of  the  curtain  were  replaced'  by  anehorH 
nttaehed  by  short  lines. 

Instructions  to  resume  work  on  the  training- wall  were  received  per  letter,  dated 
January  9.  The  scale  of  operations  contemplated,  and  the  form  of  construction  to  be 
UM'<1  are  shown  in  the  folhiwiug  extract  from  that  letter: 

"Engixekii  Office,  United  States  Akmv, 

^^ Saint  LouiSf  Mo,,  January  9,  1880. 

*'Siii:  As  the  present  ndld  weather  and  open  river  offer  a  favorable  oppoi-tunity  to 
c'uniplete  the  closing  of  the  East  Channel  at  Horsetail  Bar,  which  was  intemipteu  by 
iot*  in  December,  you  will  please  make  arrangements  to  resume  operations  upon  a  small 

M.'ale  at  that  point. 

*»  #  «  «  «  •  # 

''The  method  of  construction  will,  for  the  present,  be  the  same  as  that  last  used,  viz, 
a  U^lit  curtain  of  brush,  anchoretl  at  the  bottom  and  buoyed  at  the  top,  and  made  in 
U'M^lis  as  great  as  practicable. 
*'  By  command  ot  Colonel  »Simi)son. 
'*  Very  ras))ectfu]ly, 

**0.  H.  Ernst, 
**  Captain  of  Engineers, 
'•Mr.  1>.  M.  CURRIK, 

^'•AHiinlant  Engineer*' 

Work  was  resumed  January  12,  in  accordance  with  these  instructions. 

The  work  which  had  Iteuu  done  during  the  fall  season  had  stood  the  ice  that  had 
rausfnl  its  suspension  witlumt  sustaining  any  sery  serious  damages. 

A  few  buoys  had  been  cut  fmm  the  curt-ains  above  dike  No.  3,  leaving  a  small  gap 
timre,  and  the  baoys  had  l)eon  cut  from  tlie  open  curtains  that  were  placed  at  the  lowef 
end  of  the  gap  after  l>)cember  1.  On  the  remainder  of  the  wall  the  work  was  in  good 
erudition. 

The  tirst  work  after  resumption  was  to  repair  the  damages  to  the  open  curtains  by 
eontmeneing  at  the  up>stream  end  of  the  space,  which  had  been  tilled  with  them,  anil 
retillin^  that  space  with  curtains  made  in  the  same  form,  except  that  the  barge  meu- 
•  tioue<l  m  the  letter  dated  December  2,  having  been  completed  the  length  of  the  cur- 
tains, was  increase<l  to  96  feet. 

After  tilling  this  lower  space  with  curtains,  another  line  of  them  was  place<l,  com- 
ni(*iicing  at  the  npiier  end  of  the  gap  above  dike  No.  3,  and  extendiu||^  to  the  lower 
wid  of  the  work,  tnns  doubly  covering  the  lower  space  with  open  curtains.  Still  the 
water  passed  tlti-ough  with  too  great  velocity  to  admit  of  much  deposit.  This  was 
n)iiiedie4l,  in  part,  by  reducing  the  spaces  between  the  poles  or  pieces  of  brnsh,  and 
<stiU  more  by  placing  another  series  of  poles  in  the  spaces  between  the  poles  of  the 
tirst  series,  attaching  them  by  wires  to  the  tirst. 

The  current  still  passing  through  with  too  great  velocity,  another  form  made  by 
w(*aving  brnsh  on  poles  was  iistnl,  in  accoitlanee  with  verbal  instructions.  This  fonn 
liail  been  designed  during  the  fall  season,  and  w»is  submitted  with  the  report  of  oppra- 
tions,  fur  the  tirst  half  year,  as  a  suitable  device  to  be  useil  in  deep  water,  and  in 
lines  of  hurdles  or  trauMvcrse  lines.  This  form,  together  with  barge  and  with  anchors 
attached,  is  shown  in  perspective  in  Fig.  9,  in  which  H  is  curtain,  with  joint  /(. 

The  brush,  or  snmller  poles  h^  are  woven  or  wattled  on  the  latter  poles  a.  The 
aiicIiOTs  K  are  resting  uuon  a  ])latform  P,  which  is  hinged  to  the  side  of  the  barge, 
iiml  is  raised  by  means  or  chains  »  attached  to  the  shaft  »S,  having  a  winch  at  each  end, 
the  dogs  of  which  are  connected  by  an  iron  rod,  so  that  both  may  l)e  tripped  simulta- 
neously by  palling  a  lever.  The  joint  h  was  used  chiedy  to  gain  width  tor  use  in  deep 
sater,  but  it  also  increased  tlezibility,  and  that  may  be  the  mon;  valualde  advantage. 

With  time,  the  buoys  which  had  withstood  the  winter's  ice.  became  unserviceable 
from  various  causes ;  such  as  being  tilled  under  pi*essure  constantly  applied  during 
long  int4'rvals  of  time,  rottiug  ot  lines,  blows  received  from  drift-wood  and  other 
^hrvt,  so  that  it  became  necessary  to  place  another  line  of  cnrtains  on  the  whole 
length  of  the  gap.  This  was  done,  commencing  at  the  upper  end  of  the  gap  April  15, 
ana  reaching  the  lower  end  June  2,  after  which  a  small  working  party  kept  the  works 
in  repair  nntil  the  close  of  the  fiscal  year.  The  close  curtain  shown  in  Fig.  9  was 
used  in  this  Hue,  except  that  the  brush*  having  been  x'TOcnred  without  the  construc- 
tion of  that  form  in  view,  some  of  it  was  too  stitf  ,to  be  used  in  that  way,  and  to 
utilize  idl  of  the  material  on  hand,  the  use  of  the  wired  curtain  was  continued,  making 
them  close  by  making  the  meshes  small,  and  by  attaching  an  extra  series  of  poles. 

Of  the  lines  of  hurdles  shown  in  rear  of  the  training  w^all  ^see  map)  19  were  built 
daring  the  fiscal  year.  They  are  those  below  dike  No.  2,  with  the  exception  of  the 
•W  fnim  that  dike,  which  was  built  before  those  between  it  ami  tin*  dike,  because  the 
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water  there  was  very  deep  at  that  time,  52  feet  having  been  found  in  that  vicinity, 
with  the  river  at  12  feet  stage  on  the  Walnut  street  ^auge,  Saint  Louis. 

On  resuming  work  on  hurdles  September  17,  of  this  fiscal  year^  this  line  was  found 
to  have  been  somewhat  damaged  and  was  repaired. 

The  order  of  construction  of  the  lines  for  this  iiseal  year  was  Nos.  11, 12, 13. 14,  IH,  19, 
completed  during  the  first  half  of  the  year,  while  ])iles  were  driven  for  lines  Nos.  !'». 
16,  17.  Lines  numbered  11,  12,  ll\,  14  wore  broken  during  the  winter  on  the  shoal- 
water,  near  the  edge  of  the  sand-bar.  These  were  repaired,  and  the  lines  1>elow  to 
dike  No.  4  were  constructed  during  the  second  half  year. 

During  the  high- water  in  April,  lines  Nos.  11  to  23  were  broken  and  were  repaire<l. 

The  aggregate  lenp^th  of  hurdles  constructed  during  the  year  is  32,000  feet,  includ- 
ing  the  reconstruction  of  broken  portions  of  linos.  The  dates  at  which  lines  wert* 
constructed  are  shown  on  the  map ;  the  first  in  order  of  time  showing  completion  of 
construction,  and  the  others  that  of  repairs. 

Two  forms  of  construction  were  used.  The  first  was  the  same  as  that  used  durinu 
the  fiscal  year  ending  June  30, 1879,  in  which  the  horizontal  rods  were  wattled  direct  1> 
upon  the  piles,  and  the.  voids  were  filled  with  brush  placed  vertically.  Horizontal 
rods  were  pushed  to  the  bottom  in  water  25  feet  deep,  by  means  of  the  hnrdliug  forks. 
The  other  form  was  made  by  wattling  the  brush  on  poles  selected  from  the  larg<T 
bnish.  This  form  was  placed  by  attaching  the  upper  edge  to  the  piles  and  weigh tiii;^' 
the  lower  e4ge  with  stone.  It  was  designed  and  submitted  with  report  of  operation^ 
for  the  first  naif  of  the  fiscal  year,  as  a  suitable  form  of  construction,  to  be  used  ii<. 
lieu  of  hurdles,  where  the  depths  of  water  are  so  great  that  horizontal  rods  cannot  b<- 
pushed  to  the  bottom.  In  Figs.  10  and  10a,  respectively,  ate  shown  a  horizontal  rear 
view  and  a  cross-section.  The  advantages  claimed  for  it  were  that  the  spaces  T>etwo4ii 
the  piles  could  be  increased  to  from  12  to  15  feet,  and  that  in  water  too  deep  for  piling, 
the  uj>per  edge  could  be  supported  by  buoys.  More  imi)ortant  claims  may  be  add<M}, 
that  if  attached  loosely  to  the  piles,  it  will  sink  into  any  scour  that  may  occur,  and 
that  it  will  exert  no  buoyant  effort  to  raise  the  piles  out  of  their  places. 

In  the  accompanying  profiles,  the  dotted  free-hand  lines  show  the  bottom  at  tli*- 
dates  of  the  surveys  made  in  the  spring  of  1879,  from  March  25  to  April  4,  and  th^^ 
broken  lines  show  the  bottom  from  surveys  of  January  and  March,  18B0.  The  frfc- 
hand  lines  show  the  bottom  at  the  close  of  the  fiscal  year.  The  planes  of  low-wator, 
and  of  15-foot  stage,  or  the  heights  to  which  the  horizontal  rods  of  the  hurdles  wen- 
extended,  are  shown. 

The  sections  were  made  from  soundings  obtained  from  the  surveys  named,  and  their 
lines  selected  away  from  the  hurdles  because  the  average  progress  of  the  silting  up  i** 
correctly  shown  there,  while  the  hurdlescause  disturbances  in  their  immediate  vicinity. 

The  following  statement  shows  quantities  and  cost  of  material  ex[>ended — 

1.  Training- wall : 

a.  2,300  linear  feet  mattress,  with  curtains,  &c.,  expended  con- 
structing and  repairing  1,500  feetof  wall^in  which  were*  used — 

1,431.67  cubic  yards  stone $1,030  60 

1,375  cords  bnish 1,111  92 

Labor,  rope,  &c 5, 352  48 

$7,  49.'>  ««> 

Transportation,  equipment,  tools,  &.c ; 2, 751*  14 

h,  1S,700  linear  feet  curtain,  expended  constructing  1,000  fc^t, 
aud  repairing  2,500  feet  of  training- wall,  in  which  were  used — 

•:i69.89  cubic  yards  stone 486  1»4 

»2.384.t)5  cords  brush :.-       1,614  10 

•j:^  piles  driv«jn HO  aS 

Labor,  rojH*,  wire,  &c 17, 278  65 

19,  460  (M 

Transportation,  equ ipinon t,  tools,  &c • 7, 44*?'  *^4 

2.  Hurdles: 

32,000  linear  feet  constructed,  in  which  were  usimI — 

100  cubic  vards  stone 55  00 

4,697.:57  cords  brush '. 3,  .508  83 

3,e71  pilcK  driven 12,824  38 

Labor,  yarn,  rope,  <&c 12,808  38 

29.liwr.i> 

Transportation,  e({uipment.  tools.  &c 14,  (WO  I'-> 

Engineering,  contingeucicM,  &c •    4,72ii  4o 

Total 85,  U*?:*!* 
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All  of  the  foniiH  of  constriiction  that,  were  actually  nsed  during  the  year  have  l>eeii 
(iciohbfd.  iStiH  the  Htudy  of  8ome  of  the  practical  difflcultie8  ha^  led  to  designs  which 
may  pr<»v«  vaiuahle  durinc  the  future  inogretw  of  the  work  here  or  at  other  places. 
They  an*  submitted  with  tliat  hope,  and  with  the  conviction  that  the  permeable  nys- 
tem  promises  success  to  an  extent  which  entitles  it  to  a  full  and  impartial  trial, 
ii|rardlefis  of  the  speciHc  form  of  construction  which  may,  in  the  end,  prove  most 
Mii  table. 

The  loss  of  a  section  of  mattress,  with  curtains  attached,  December  1,. while  it  was 
l»eiujf  placed  in  deep  water,  having  a  strong  current  crossing  the  line  of  the  wall  at 
.iu  angle  not  less  than  46  degrees,  was  certainly  not  calculated  to  inspire  confidence 
ii.  the  practicability  of  placing  continuous  mattresses,  with  curtains  attached,  under 
^il<•h  oonditioDs.  The  following  solution  of  that  problem  secures  the  practical  advan- 
tages of  continuity  without  incurring  any  great  risk  of  loss. 

The  fonnd  at  ion  mattress  may  be  loade<l  to  a  greatei*  density  than  that  of  water  by 
]>lacing  stone  or  other  soitable  material  between  the  courses  of  brush  during  the  process 
t  f  construction,  and  before  launching  make  ropes  fiwt  to  it  at  any  greater  distance 
than  the  depth  of  water  from  the  down>stream  end,  and  lay  oif  on  the  ropes  a  distance 
t'tpial  to  that  from  the  point  at  which  they  are  made  fast  to  the  down-stream  end  of 
thf^msttreds.  Havine  completed  the  section  of  mats  and  curtains,  launch  and  sink 
in  the  osual  way,  adding  sufficient  weight  to  the  top  course  of  brush  to  secure  t\u^ 
whole  in  place^  Commence  constrQCting  the  next  section  of  mat  at  the  points  marked 
oil  the  ro|>es  attached  to  the  sunken  mat«  so  that  when  the  new  section  is  placed  it 
will  join  that  previously  placed,  securing  the  advantages  due  to  continuity  without 
fiicoantering  the  praoticaF  difficulties  that  may  be  expected  in  nlaoing  contiouons 
Qiats  in  strong  transverse  currents  and  deep  water,  with  unfavorable  weather  or  varia- 
ble stages  of  Sie  river,  with  its  drift-wood  or  floating  ice.  In  deep,  turbulent  water,  if 
tlie  curtain  were  continuous  or  Jointed  iu  all  imaginable  directions,  and  under  such- con- 
ditions, it  would  not  be  practicable  to  bring  an  equal  strain  upon  all  the  connections 
with  its  anchorage  or  to  a(;terminein  advance  the  strain  which  any  of  the  connectioos 
would  have  to  iSar  at  times.  The  problem  would  be  greatly  simplified  by  breaking 
the  continuity  of  the  curtain  in  vertical  section  as  shown  in  Fig.  11,  which  is  an  end 
view  of  the  mattress,  with  curtains  attached. 

Other  praetieal  difficulties  have  been  encountered,  which  are  chiefly  due  to  the  pe- 
culiar conditions  presented  at  Horsetail  Bar,  which  may  lead  to  an  essential  modiflca- 
tioQ  of  the  design  to  adapt  it  to  these  conditions.  These  conditions  arise  from  the 
introdactiou  of  tiie  c'ear  water  of  the  l*^pper  Mississifipi  River,  which  maintains  itaelf 
clitttinGt  from  that  of  the  muddy  Missouri  whenever  higher  stages  prevail  in  that  river, 
renderiag  it  only  an  intermittent  silt^bearer. 

No  data  is  available  upon  which  an  estimate  can  be  based  to  determine  approxi- 
iitately  iu  what  portion  of  the  year  such  conditious  might  be  *exi»ecte<l  to  exist.  It 
i^  known,  however,  that  since  these  works  have  been  in  progress  such  conditions  have 
prevailed  the  greater  portion  of  the  time.  The  eftect  of  this  is  to  lengthen  the  time 
rwmired  to  seeore  deposits  and  to  increase  the  possibilities  that  worlra,  though  suit- 
able for  contiouons  silt^bearing  rivers,  may  be  destroyed  or  injured  to  such  an  extent 
a«  to  render  them  inefficient  before  they  accomplish  their  work. 

The  fonus  of  oonstruction  used  during  the  year  were  desiguwl  to  accomplish  their 
work  in  a  sinsle  season,  and  were  not  prepared  with  a  view  to  have  them  with- 
stand heavy  bmcks  of  ice  or  drift-wood  running  continually,  nor  is  it  prf»bable  that 
any  economical  design  can  be  found  that  will  resist  these  dcstnu'tive  agents  indefi- 
nitely. 

The  buoys  are  the  parts  of  tliese  works  most  liable  to  destruction  both  on  account 
<  f  their  exjiosed  x>OHition  while  floating  (»n  the  surface  and  their  tendency  to  become 
water-logged  when  submerged.  It  is  not  practicable  to  construct  a  buoy  at  any  eco- 
nomical cost  that  will  withstand  heavy  ice  or  drift-woo<l,  nor  has  any  satisfactory 
tonn  of  snbmetged  buoy  been  disoovereil,  kce]>ing  economy  of  cost  in  view. 

Ad  attempt  to  decide  at  this  time  whether  the  conditions  namc<l  habitually  exist  at 
Horsetail  Bar  would  be  premature.  A  series  of  observations  conducted  through  a  long 
pfriod  of  time  would  be  necessary  to  obtain  the  facta,  and  they,  when  collecte4,  would 
(locidc  the  question  whether  a  form  of  construction  designed  to  resist  these  destructive 
agents,  or  which  would  be  less  exposed  to  their  action  even  at  a  small  advance  iu  first 
i<»'*t,  would  not  be  more  economical  in  the  end. 

The  subject  was  studied  with  a  view  to  piH3pare  to  meet  au  emorgeucy  which  the 
lon^  continued  clear  water  at  this  locality  suggested  might  arise,  and  tlie  resulta  of 
tliat  study  are  submitted  with  the  belief  that  whether  or  not  it  should  become  desira^ 
M»*  to  change  the  form  at  Hoi-setail  Bar,  they  are  suitable  fi^rms  for  works  wherever 
tli<-  conditious  named  pi-evail. 

In  the  following  designs  the  buoys  have  been  dispensed  with,  and  the  vertical  meui- 
l-^m  an?  made  self-supporting  by  placiug  successive  courses  of  grillagea  or  open  net- 
work mats  of  brush,  cane,  or  other  suitable  niaterinl  asshowu  in  cross-section,  Fig.  12. 
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In  t})i»  sectiou  the  grillages  are  shown  without  tmy  foundation  mattress,  ami  this  form 
WiMilcl  be  suitable  wherever  thei-e  wa»  no  tomleucy  to  scour  the  bottom. 

When  80  iwed  they  could  Ikj  jilaced  liy  attaching  weightH  in  any  suitable  manner ; 
for  instance,  several  grillages  could  be  bound  and  a  flooring  made  to  hold  the  weiglit- 
iug  material  an  shown. 

in  FiU'  i'i  the  grillages  ai'e  8hown  attached  to  a  foundation  mattress  wliich  sers^"^ 
the  double  imrpo.vje  of  anchorage  to  the  grillages  and  protection  to  the  bottoui.  The. 
grillages  are  shown  here  bonnd  to  each  other  and  to  the  foundation  mattress  by  watt- 
ling tlie  poles  of  which  they  are  compoeetl  on  other  poles  suitably  attached  to  the 
mattress.  This  is  only  intende<l  to  show  one  of  the  many  ways  in  which  the  attaul:- 
iiient  can  bt*  made. 

In  Fig.  14  is  shown  a  permeable  screen  through  which  the  water  may  be  made  t) 
pass  in  a  tinely  divided  state  if  the  grillages  should  be  too  open,  and  the  whole  :s 
shown  Rs  built  upon  two  lines  of  piles.  This  form  would  be  suitable  wherever  the 
depths  are  not  very  great.  The  distances  between  piles  should  be  regulated  to  suit 
the  necessities  of  each  case. 

All  of  tlie  forms  composed  of  grillages  are  es(>ecially  suitable  fi>r  the  base  of  work^ 
or  that  portion  below  the  plane  of  ordinary  low-water. 

The  material  useil  in  constructing  any  of  the  forms  should  be  houiogeueous,  or  at 
least  should  possess  etjual  lasting  <iualities  in  the  positions  they  re8)>ectively  occupy. 
With  this  in  view  experiments  were  made  with  hoop-poles  of  white  oak  and  hickory 
wo(kIm  as  fastenings  of  curtains  to  their  anchorages  or  joining  sections  of  curtaih^ 
together.  Thene  ex  peri  men  t-s  show  conclusively  tnat  selected  poles,  free  from  knots 
or  other  defects,  would  be  suitable  means  of  attaching  curtains,  feathers,  or  other  de- 
vices to  their  anchorages  joining  s(;ctions  of  said  devices,  and  that  pins  or  ^'grulw" 
of  the  same  woo<ls  would  be  suitable  means  of  binding  mattresses  or  oi>eu  grilLagrn 
together. 

Two  other  important  considerations  should  roceive  attention  in  designing  works  to 
imi>rove  silt-bearing  rivers,  by  securing  a  deposit  of  a  portion  of  their  semment.  Theijt) 
are  the  degree  of  permeability  and  the  height  that  should  be  given  works  in  ordn 
to  secure  the  best  results.  The  degree  of  )iermeability  which  promises  the  best  result 
is  that  which  permits  the  water  to  pass  through  with  such  small  velocity  thftt  vorticiH 
having  trans)K>rting  energy  will  not  be  formed,  and  at  the  same  time  sumoient  to  keep 
up  the  circulation  and  convey  away  the  water  which  has  deposited  its  load  of  sed- 
ment.  This  degree  of  permeability  is  indicated  by  an  oily  or  glas^  appearance  of  the 
suiiiace  flowing  smoothly  without  boils  or  whirls.  The  heigut  tliat  would  be  mo^i: 
efl'ective  would  be  above  the  stages  from  which  deposits  are  expected  to  be  obtaiue^i, 
for  while  the  works  are  submerged  there  is  a  stratum  of  water  above  them  having  a 
free  flow  while  that  below  Is  obstructeil ;  in  other  words  a  greater  velocity  super- 
]>osed  upon  a  less,  whidi  wouM  tend  to  form  vortices,  and,  if  the  difl'erence  between  the 
two  velocities  is  ^reat,  vortices  may  be  formed  having  energy  sufficient  to  scour  iii 
the  immediate  vicinity.  This  eflect  may  be  seen  well  defined  in  a  thin  sheet  of 
water  pouring  over  a  weir.  It  is  difficult  to  secure  deposits  immediately  behind  8oli<i 
works  which  are  submerged  only  at  mean  and  hi^h  stages  on  account  of  th^  scoui 
jiroduced  by  vortices  generated  by  the  wator  pouring  over  them.  The  eflect  of  i»er- 
meable  works  differs  from  that  of  solid  in  degree  only.  If  the  velocity  could  W 
checktMl  so  that  on  entering  the  loWer  pool  it  would  not  ditt'er  greatly  from  that  ut 
the  pool,  vortices  having  scouriug  energy  would  not  be  generated  and  deposits  w  ouM 
be  secured  close  to  the  work  as  well  as  further  away.  In  permeable  works  thiiv  •> 
iUme  while  the  works  are  not  Mubmerged. 

W^illows  were  planted  on  the  bar  in  rear  of  the  training-wall,  in  com)diance  wuh 
instructions  per  letter,  of  which  the  following  is  a  copy: 

**ENtiiNKEii  Office,  United  States  Army. 

''  Saint  Louis,  Mo.,  February  23,  1880. 

**SiR:  With  a  view  to  asiertaining  the  best  season  and  the  best  level  at  which  rt> 
plant  willow  cuttings  upon  the  soil  reclaimed  from  the  river,  yon  will  please  mttk<» 
some  experimental  plantations  at  the  first  of  each  month  dnring  the  coming  st'asov, 
beginning  on  the  1st  of  March. 

*'  The  cuttings  used  for  the  purpose  will  be  frenh  cuttings,  3  feet  long  and  of  auy 
size,  from  ^  to  4  inches  in  diameter,  the  growth  of  last  year,  however,  being  consl<i- 
ered  the  best.  They  will  l>e  sharpened  at  one  end  and  thrust  into  the  ground  to  a 
depth  of  12  to  18  inches.  They  will  be  planted  in  groups  of  10  each,  in  qnincnnx  order, 
the  distance  Vietween  them  being  3  feet. 

*'A  group  will  l>e  planted  at  the  level  14  feet  above  low- water,  one  at  15  feet  abo\e 
low-water,  one  at  16  feet,  &c.,  up  to  25  feet,  making  twelve  groups  each  month.  The^-e 
levels  are  to  be  ascertaine<l  instnimen tally. 

*'  The  groups  for  each  month  will  be  arranged  upon  a  straight  line,  at  a  sufficient  di<«- 
tance  from  the  other  plantings  to  prevent  any  difficulty  in  identifying  them.  The 
positions  and  dates  of  the  plantings  will  be  i-ecorded  upon  a  sketch  of  the  ground. 
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'*  You  will  please  keep  8iicli  uotes  upon  these  plantations  slh  will  eiiaUle  you  to  make- 
ft  lull  report  upon  the  subject  at  the  end  of  the  season. 
"  By  command  of  Colonel  Simpson. 
"Very  respectfully, 

**0.  H.  Ernst, 
♦*Mr.  l).  M.  CURUIE,  ^'  Captwu  of  Eiufineevtt, 

**A9si8taHt  Engineer," 

The  gT«)up8  were  planted  as  nearly  in  accordance  with  the  iuHtructionxH,  both  in  time 
and  in  order,  as  was  practical.  They  were  delaye<l  on  account  of  the  rush  of  other 
natters  incident  to  the  work  about  the  first  of  each  month. 

The  contours  of  the  ground  rendered  it  impracticable  to  maintain  strictly  all  the 
conditions  required  by  the  foregoing  instructions — ^groups  of  10  at  each  foot  of  eleva- 
tion, in  qnincunx  order  and  in  straight  lines.  The  groups  of  10  could  be  plaute<l  in 
(|uincnDX  order  only  at  elevations  17  and  18  feet  above  low- water,  these  being  the  ele* 
vatiuns  of  the  crest  of  the  bar.  The  higher  elevations  were  found  only  on  the  steep- 
Hlope  of  the  bank  at  the  main  shore,  ana  the  lower  where  the  bar  slopes  rapidly. 

After  careful  examination,  a  location  was  tinally  selected  between  hunlles,  lines 
nambeied  11  and  12,  and  a  line  was  fixed  by  stakes  40  feet  north  of  and  parallel  w^ith 
i  ine  Xo.  12,  as  the  center  line  of  the  groups  planted  March  9.  These  were  small  cuttings  in 
|j:roupsof  10  at  each  foot  of  elevation ,  from  14  to  25  feet  above  low-water.  Those  planted 
at  elevations  from  18  to  25  feet  were  on  the  slojie  of  the  main  shore,  and  extended  50 
feet  from  a  large  stake  set  near  the  edge  of  the  bank.  The  other  gnnips  were  planted 
OD  the  bar  between  distances  500  and  560  feet  from  the  stake  mentioned.  With  the 
exceptions  named,  the  cuttings  in  each  gi*ou]>  were  planted  on  the  same  elevation, 
iDHtru mentally  determined. 

The  next  groups  were  planted  April  .9,  on  a  line  12  feet  north  of  and  }>arallel  with 
thoHe  planted  in  March,  and  in  elevation  at  each  foot  between  15  and  25  feet  above 
low-water,  the  plane  oi  14  feet  being  submerged  at  that  time.  Tliree  sets  of  groups 
were  planted  at  this  time,  one  of  small  cuttings  thrust  into  the  ground,  one  of  small 
cattinffa  buried  intrenches  15  inches  deep,  with  the  tops  turned  up,  and  one  of  jiieces 
it  feet  long  by  from  3  to  4  inches  in  diameter,  freshly  cut  and  set  in  holes  l>i  inches 
deep  bored  with  a  post-auger.    These  groups  cover  a  space  about  36  feet  wide. 

On  the  llfh  of  May  three  sets  of  groups  were  planted  as  in  April,  between  eleva- 
tioos  18  and  25  feet.  '  These  are  located  north  of  the  April  plantings. 

The  next  and  last  set  of  gronps  were  planted  June  8,  acyoining  those  planted  in 
Msy  on  the  north  and  at  each  foot  of  elevation  between  19  and  25  feet. 

^  these  plantations  all  those  planted  in  March  lived,  while  of  those  planted  in 
April  only  the  larger  pieces  and  the  cuttings  planted  below  18  feet  elevation  took 
root.  The  May  and  June  plantations  all  dried  except  a  few  of  the  larger  ])ieceM. 
When  nlauted,  after  the  rise  of  the  sap  the  larger  pieces  seem  to  prosper  better  for  a 
time  than  the  small  cuttings,  but  saplings  from  which  these  pieces  were  obtained 
^ould  live  for  some  time  after  being  cut  if  only  protected  from  the  direct  rays  of  the 
suo.  Nothing  can  be  positively  asserted  in  relation  to  their  prospects  for  future 
growth. 

On  the  map  of  Horsetail  Bar  made  under  your  direction  to  show  progress  of  work 
from  surveys  made  by  Mr.  Preston  C.  F.  West,  asbistant  engineer,  and  to  which  ref- 
erence has  been  fi'equent  in  this  report,  the  locations  of  these  groups  of  willows  may 
be  (teen. 

Receivers  of  material,  Mr.  William  S.  Mitchell  and  Mr.  C.  D.  Lamb^  who  were  respect- 
ively connected  with  the  work  during  the  first  and  second  halves  oi  the  fiscal  vear  ai-o 
«'Qtitled  to  more  than  a  passing  notice  for  faithful  and  intelligent  service  rendered  in 
Iseeping  records  of  labor  and  material  expended,  and  assisting  in  the  details  of  tli<'' 
administration  of  the  work. 

Very  respectfully,  your  obedient  servant, 

D.  M.   CURRIE, 

Capt.  O.  H.  Ernst,  AnHiHtant  Engineer, 

Vorpn  of  Engineers,  i\  H.  A» 

B 

UEPORT  OF   MK.    CHAKLES  8.    TRUE,  ASSISTANT  ENGINEER. 

Saint  Loiis,  Mo.,  January  12,  1880. 

General:  The  following  report  of  work  done  at  Cairo  Protection  and  Kaskaskiai. 
Protection  during  the  half  year  from  July  1,  to  Deceml>er  31,  1879,  is  resp<H!tfiilly 
submitted: 

CAIRO  PROTECTION. 

Work  in  progress  at  Cairo  Protection  on  the  30th  day  of  June,  1879,  was  continued 
till  October  14,  1879.    The  revetment  ^of  the  bank  was  extended  upstream  2,900  feet 
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above  previous  works  by  sinking  rafts  of  brush  out  to  deep  water  and  covering  the 
t^loping  bank  between  these  rafts  and  the  8t«ep  top  banks  with  a  thin  layer  of  stone. 
The  brush  rafts  were  mostly  70  feet  wide,  and  the  protection  of  stone  inside  the  raft.s 
wa«  irregular  in  width  according  to  the  shape  of  the  bank,  but  would  average  about 
75  feet.  The  height  to  which  the  revetment  was  carried  was  about  to  a  20-foot  stage 
of  water  in  the  Mississippi  River  when  the  Ohio  River  is  low,  or  a  35-foot  stage wfaeu 
the  Ohio  has  a  good  navigable  depth.  The  protection  begun  during  the  first  half  year 
of  1679  was  raised  to  a  similar  height,  and  some  additions  were  made  to  the  work  of 
former  years  to  repair  weak  places.  Some  work  was  done  to  protect  the  bank  betwe<'ii 
the  spnr-dikes  placed  by  the  Cairo  Land  Company. 

About  1,000  cubic  yards  of  stone  were  talmn  from  the  outer  end  of  the  upstream 
Kpur,  yet  remaining,  and  x>laced  on  the  bank  above  and  between  the  spurs.  Of  thi'^ 
stone,  291.70  cubic  yards  were  moved  on  a  barge,  and  the  remainder  by  wheelbarrowH. 

A  brush  raft  was  sunk  just  below  the  upper  spur,  and  a  curtain  of  brush  was  stretched 
between  the  3d  and  4th  spurs  to  break  the  current  of  the  eddy  and  induce  deposit. 
This  curtain,  was  st^cured  at  the  surface  of  the  water  by  a  boom  of  dry  logs,  and  the 
free  edge  of  the  curtain  was  weighted  with  stone  to  carry  it  to  the  bottom. 

The  quantities  of  material  used  on  the  protection  during  the  half  year,  including 
IU4.20  cords  of  brush  on  barges,  July  1,  but  not  including  stone  taken  from  the  Hpnr- 
dikes,  were:  on  continuation  of  protection  begun  in  1OT9,  1,819.10  cords  binsh,  13,10*^ 
cubic  yards  stone,  and  on  repairs  of  revetment  of  former  years,  116.40  cords  bnish, 
540.90  cubic  yards  stone. 

The  brush  used  was  cut  by  hired  labor  on  tow-heads  in  the  Mississippi  River,  and 
the  stone  was  quarried  by  hired  labor  at  leased  quarries  at  Gray's  Point,  Mo. 

The  transportation  of  material  was  by  barges  and  tow-boat,  owned  and  operated  hr 
tlie  government. 

The  new  protection  placed  during  the  year  1879  covered  a  front  of  7,600  feet.  This 
was  rather  light,  anci  will  need  additions  and  repairs  when  the  river  shows  itn 
weak  places.  The  revetment  will  need  to  be  raised  some  when  the  top  bank  is  slopwi 
enough  to  carry  st-one  with  safety.  The  total  length  of  banks  at  Cairo  Protection,  or 
which  work  has  been  done,  including  the  stone  placed  by  the  Cairo  Land  Company, 
is  14,200  feet.  The  river  is  attacking  the  banks  below  this  work,  and  the  x>rotect!OD 
mtky  need  to  be  extended  some  in  tSth  directions.  The  condition  of  the  work  when 
laMt  examined  was  cood. 

T^o  bad  piles  of  stone,  formed  by  the  river  washing  the  bank  back  from  the  two 
upstream  spur-dikes  placed  by  the  Cairo  Land  Company,  endanger  navigation  dur- 
ing low- water.  In  the  early  part  of  October  the  wat-er  over  these  stones  was  but  two 
feet  deep.  At  that  time  the  width  of  channel  between  the  upstream  pile  and  thi* 
Illinois  shore  was  545  feet,  and  between  the  downstream  [file  and  the  shore  38H  fret, 
A  new  shore  line  was  run  and  stakes  set  each  100  fpet  to  refer  work  to.  The  line  Ijf- 
gins  at  a  stone  set  700  feet  downstream,  from  the  lower  end  of  the  reretment,  and 
runs  upstream.  It  was  connected  with  points  marked  A  12  and  A 14,  of  Lieutenant 
Lockwood's  survey,  and  with  the  street  system  of  Cairo.  A  section  of  the  Mississippi 
River,  taken  September  25,  520  feet  up  stream  from  O  jtoint  of  nhore  line,  showed  the 
river  at  that  place  to  be  Init  743  feet  in  width.  Nearer  the  month  of  the  Ohio,  and  jn^f 
below  the  ineline  of  the  C.  A.  and  T.  Railroad,  was  a  narrower  part  of  the  river,  but  th« 
width  was  not  measured.  The  whole  volume  of  the  MisKissippi  passed  in  one  channel 
At  both  i)oints.  Changes  in  the  slope  of  the  Mississippi  River,  near  the  mouth  of  thi' 
Ohio,  were  shown  by  levels  taken  September  6  and  September  25.  The  Ohio  at  the 
I'nited  States  gauge  in  ttont  of  Cairo  fell  1:4.5  feet  during  the  time,  while  the  Missis- 
sippi back  of  Cairo,  at  the  line  of  Twenty-eighth  street,  fell  but  ri.93  feet — a  difference 
of  4.57  feet. 

The  shoalest  water  during  the  season  between  Cape  Girardeau  and  Cairo  was  near 
Power's  Island,  where  the  river  was  divided  into  four  channels  by  Santa  F^  Island. 
Beaver  Dam,  Towhead  and  Power's  Island.  At  one  time  in  September  the  great e^t 
navigable  depth  was  4^  feet. 

To  illustrate  some  details  of  work  done  during  the  half  year.  I  will  state  that  the 
rafts  sunk  along  the  middle  of  Cairo  Bend,  when  out  of  deep  water,  left  a  wide  slop<» 
to  be  covered  with  stone ;  for  this  reason  the  width  of  the  raft«  was  increas^nl  to  7i) 
feet.  The  upstream  part  of  the  revetment  x>1aced  has  rafts  of  this  width  for  a  length 
•of  2.125  feet.  The  ([uantities  of  material  placed  on  this  part  of  the  bank  were  1,570.90 
cords  bnish,  6,344.70  cubic  yards  stone,  which  givew  about  0.74  cords  brush  and  2.91* 
cubic  yards  ntone  per  linear  foot  of  bank. 

On  * 
yardt 

cords  brush  and  2.91  cubic  yards  stone  per  linear  foot  of  bank.  Acting 
partly  gained  from  a  conversation  early  in  July  with  Principal  Civil  Assistant  En- 
gineer R.  E.  McMath,  and  from  whom  I  understood  such  a  course  would  l»e  approved, 
I  used  earth  fgr  the  chief  weight  for  sinking  rafts.  To  hold  the  earth  the  rafts  had 
.to  be  made  closer  than  large  willows  su«li  as  we  had  been  using  would  make  them; 
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for  thiH  reason  the  middle  course  of  the  uaw  rafts  was  made  of  weeds  and  small  wil- 
lows. The  rafU  were  loaded  as  uearly  uniformly  as  practicable  with  earth  takeu 
from  the  bank;  then  a  few  stone  were  placed  on  them  to  complete  the  sinking.  The 
•experiment  was  tried  on  some  rafts  of  loading  entirely  with  earth.  When  the  raft« 
wert}  a  few  teet  below  the  water's  surface  the  strong  current  over  them  washed  much 
of  the  earth  from  them,  so  that  the  expense  of  extra  labor  required  to  completely 
Kink  the  raft«  with  earth  was  creator  than  the  cost  of  stone  necessary  for  the  final 
weight  to  be  uwhI  after  the  rait  passed  below  the  surface  would  have  been.  A  small 
tinantity  of  stone  was  put  ou  each  raft  after  it  was  6unk,*to  help  keep  it  in  position 
and  to  make  the  connection  of  the  raft  with  the  riprap  certain. 

The  method  used  for  sinking  brush  rafts  with  earth  can  be  employed  advantageously 
wheu  the  current  is  not  more  than  2  miles  per  hour,  but  in  a  strong  cun-ent  it  will  be 
economical  to  put  the  earth  required  for  the  last  weights  to  sink  the  brush  in  some 
t'uvelope  to  give  it  the  necessary  firmness  to  resist  the  washing  of  the  water. 

In  localities  where,  for  any  reason,  stone  cannot  be  readily  obtained,  earth,  sand, 
or  mud  can  be  used  as  weights  for  sinking  any  other  material,  or  for  anchors  to  hold 
any  structiire  or  devi<^  used  for  the  improvement  of  the  river.  I  think,  however, 
that  on  the  Mississippi  River  above  Cairo,  when  brush  is  t.o  be  sunk  in  a  deep,  strong 
4'Uiientf  it  wiU  be,  generally,  more  economical  to  use  stone  for  weights.  The  use  of 
aume  rather  than  earth,  as  a  sinking  material,  will  be  ecxmomical  in  some  cases  in 
romparatively  slack  water  which  is  readily  accessible  to  steamboats  and  bar^pes;  as 
timsn  to  be  sunk  by  stone  can  be  used  in  thin  open  mats  whUe,  when  earth  is  to  bp 
!^sed  it  must  be  put  in  some  envelope,  or  the  mats  must  be  thick  and  close  enough  to 
bold  a  large  per  cent,  of  the  earth  or  sediment  brought  in  contact  with  it. 

Such  a  thing  as  a  simple,  direct  cmTent  does  not  exist  in  a  great  river,  and  any  ol>- 
Ktruotion  placed  in  the  current  adds  new  complications  to  the  direction  of  the  forces 
of  the  water.  In  sinking  rafts  or  mats  it  is  important  that  the  anchorage  be  located 
M>  aa  to  help  carry  the  rafts  to  the  bottom,  and  at  the  same  time  prevent  their  bein^ 
rwiflted  by  the  currents.  On  our  shore  work  a  combination  of  surface  and  bottom 
aoehorage  gave  the  best  results  }|8  to  direction  of  strains. 

The  surface  anchorage  used  was  a  number  of  lines  from  barges  moored  upstream 
frtim  the  raft,  and  side  lin««  from  tlie  shore  to  prevent  the  raft  swinging  out  too  far. 

The  bottom  anchorage  was  by  lines  from  the  head  of  the  raft  to  aucnors  placed  in 
the  river  above  the  raft.     Two  '^^uch  lines  were  usually  sufficient. 

At  Kaakaskta,  the  rafts  already  simk  were  used  for  the  bottom  anchorage  with  good 
Mice^SB.  This  was  suggested  by  the  method  used  by  Assistant  Engineer  D.  M.  Currie 
for  anehorin^  hinged  mats  and  curtains  at  Horse-tail  Bar.  Bottom  anchor  lines  had 
little  effect  till  the  raft  began  to  sink  when  they  were  brought  into  use  by  slacking  the 
sTU'face  lines  so  as  to  keep  an  even  but  not  severe  strain  on  them.  The  bottom  lines 
were  gauged  in  length  to  regulate  the  connection  between  the  rafts  sunk,  and  some 
of  the  lines  were  arranged  with  an  outward  strain  to  prevent  the  raft  swinging  t<^- 
warda  the  shore  while  sinking.  With  long  rafts  a<lditioual  lines  towards  the  middle 
and  foot  of  the  rafts  to  help  hold  and  guide  them  were  found  beneficial.  Long  rafto  are 
not  always  economical  where  the  current  is  strong.  More  time  is  required  for  their 
(•onatruction,  and  they  are  more  liable  to  accidents  from  drift-wood,  storms,  boats, 
aud  other  oatfses,  than  short  rafts.  Long  rafts  are  harder  to  hold  than  short  ones,  and 
from  the  tendency  to  neglect  the  even  distribution  of  loading  material,  and  the  greater 
<liftiea)ty  of  rapid  and  even  application  of  final  sinking  weights,  they  are  more  liable 
to  be  badly  sank. 

On  shore  work  where  the  inner  edges  of  rafts  were  sunk  in  water  varying  from  10 
to  25  feet  in  depth,  and  the  outer  edges  in  depths  of  25  to  43  feet,  the  nSts  being 
weighted  with  stone  from  barges  165  feet  long,  the  moat  satisfactory  length  for  rafts 
was  from.  175  to  335  feet.    The  most  usual  length  was  about  *^00  feet. 

Shore  or  floating  ways  to  build  brush  protections  on  are  economical  in  many  places, 
as  the  brush  can  be  fonned  into  thin  mats  or  screens  ou  them,  while  rafted  brush 
must  have  thickness  aud  buoyancy  enough  to  carry  workmen. 

KASKA6KIA  PROTECTION. 

Work  atprotecting  Kaskaskia  Bend  was  carried  on  during  the  first,  nineteen  days 
of  Jnly.  The  work  done  consisted  of  making  340  linear  feet  of  brush  rafts  and  sink- 
ing them  at  the  foot  of  the  bank ;  and  of  placing  stone  riprap  on  the  slope  of  the 
bank  from  a  height  of  22  to  25  feet  above  low- water  downward  below  low  water  level. 
The  protection  was  extended  1,100  feet  beyond  former  work. 

Work  was  suspended  from  July  19  to  September  22,  when  it  was  resumed. 

The  work  done  in  September,  October  and  November  consisted  of  making  brush 
rafis,  50  feet  in  ^idth,  aud  sinking  them  at  the  foot  of  the  slope  outside  of  the  revet- 
ment on  the  bank.  The  outer  edges  of  the  rafts  were  sunk  in  water  varying  from  UTt 
fee%  in  depth  near  the  head  of  the  bend  to  43  feet  about  2^000  feet  farther  down  stream, 
when  the  stage  of  water  was  from  8  to  10  feet  ou  the  Samt  Louis  gauge.    The  length 
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•of  bank  along  which  rafts  were  sank  was  3,:)05  feet.  A  leueth  of  2,915  feet  was  at- 
the  upstream  end  of  the  protection  to  revet  the  foot  of  the  bauK  in  front  of  from  station 
1-1-75  to  30-f-90  of  the  new  Hhore  line. 

JiiHt  below  the  work  of  1878  and  in  front  of  station  34-f*50  to  36+90  of  new  »liore 
line,  ^0  feet  of  raft  was  sunk  close  to  the  bank,  to  protect  the  bottom  of  the  eddy  in 
the  cove  and  stop  a  cut  in  the  bank  below.  At  the  lower  end  of  all  stone  work  a  raft  15<) 
feet  long  was  sunk  to  stop  cutting  of  the  eddy  below  the  stone.  This  raft  w^as  cIoh^ 
to  the  bank  and  in  front  of  station  60  to  61 -(-50  of  new  shore  line. 

Earth  wah  used  to  help' sink  some  of  tlie  rafts.  Stone  used  for  sinking  rafts  wan 
taken  from  the  revetment  already  on  the  bank.  Two  barge  loads  of  new  stone  were 
added  to  the  protection  at  the  upstream  end  of  the  bend. 

The  quantities  of  new  material  placed  on  the  ]»rotection  were  as  follows:  In  July 
:i20.86  cords  brush  and  7,350.(0  cubic  yards  stone ;  and  in  September,  October,  ami 
Koveml>er  2,100.20  cords  bruidi  and  519.60  cubic  yarda  atone. 

The  changes  made  in  position  of  material  afareadyon  thebankoonslstedof  picking  up 
1,474  cubic  yards  stone  where  the  revetment  above  water  was  heaviest,  loading  it  on 
barges,  and  unloading  it  on  the  slope  of  the  bank,  where  the  former  protection  had  mvik 
below  the  surface  of  the  water. 

The  total  length  of  bank  on  which  work  has  been  done  at  Kaskaskia  Bend  is  5,97.'! 
feet.  The  up-stream  part  of  the  bend  for  the  length  of  2,500  feet  is  partiallv  protect^^l 
to  a  height  of  10  feet  above  low-water,  and  the  bank  down -stream  from  this  for  a  length 
f»f  3,325  feet,  as  reported  by  Mr.  McDonald,  to  a  height  of  22  to 25  feet  above  low-watt-r. 
Tlie  downstream  150  feet  has  a  single  brush  raft  SO  feet  in  width  reaching  up  to  low- 
water  level. 

The  condition  of  the  work  at  Kaskaskia  cannot  be  called  good. 

The  bank  is  too  steep  to  carry  stone  safely,  which  gives  the  stone  a  greater  temleDoy 
to  slide  forward  into  deep  water  than  to  settle  down  vertically.  The4)ank  slides  sonn* 
at  the  base  along  the  up-stream  end  of  the  work,  and  washes  above  the  stone  wheu 
the  water  is  above  the  i*evetment.  The  bank  needs  additional  protection  and  some 
grading  to  give  it  a  proper  slope*.  As  the  sand  washes  too  fast  to  trust  the  grading  to 
the  river,  the  most  convenient  way  to  do  that  work  will  probably  be  the  one  propot^l 
by  Captain  Ernst,  to  wash  the  bank  down  by  large  jramps. 

After  the  bank  is  graded  the  inclined  surface  can  be  protected  for  a  time  by  thiL 
bruHh-mats  fuHtcned  to  the  ground  beneath  the  mat-s. 

Some  additional  stone  will  be  useful  to  make  a  good  connection  between  stone  al- 
ready on  the  bank  and  any  new  protection  that  may  be  placed  aliove  it.  There  is  now 
quite  a  body  of  stone  at  the  foot  of  the  bank,  along  the  up-stream  part  of  the  bend, 
and  if  the  bank  above  water  is  graded  flat  enough,  say  to  25^  or  30^^  rise  fVom  a  hori- 
zontal plane,  stone  will  probably  lie  on  the  bank  and  can  be  used  to  fomi  the  uppei 
protection,  if  deemed  advisable  to  use  it. 

The  auxiliary  bmsh-'mats  you  have  adopted  for  the  foot  of  the  slope,  beneath  thf 
water,  are  required  for  an  additional  length  of  3,060  feet  from  in  front  of  station 
30  4-  90  of  shore  line  down  «tream  to  the  lower  end  of  the  protection. 

The  protection  will  need  be  extended  down  stream  a  few  hundred  feet  to  prevent  a 
wash  across  a  low  neck  of  land  to  the  Kaskaskia  River. 

The  shore  line  run  in  1878  was  partly  washed  into  the  river.  A  new  line  was  niu 
and  stakes  set  100  feet  apart  to  refer  work  to. 

The  up-stream,  or  O,  end  of  the  line  is  at  a  set  stone  at  the  head  of  the  bend,  and 
175  feet  up-stream  from  the  present  revetment.  A  stone  set  at  station  25  is  the  8aoii* 
as  station  18  of  line  of  1878.  Stones  were  set  at  points  of  survey  of  March,  1876,  a^ 
point  near  bend  of  Kaskaskia  River,  2  feet  from  forked  pecan  tree,  anci  at  point  n«*.s: 
•fetrue^s  house,  6  feet  from  locust. 

CHARLB8  8.   TRUK, 

General  J.  H.  Simpson. 

i'orpH  of  Emjinters^  V.  S.  A. 


P  2. 

K'K  HARHOR  AT  SAINT  LOl'IS,  MISSOIRI. 

The  river  and  harbor  act  of  June  14,  1880,  contains  the  following 
items,  viz : 

For  ice  harbor  at  Saint  Louis,  Mo.,  fifty  thousand  dollars:  Proi*ttf«f,  That  no  p.irt  of 
this  sura  shall  be  expended  until  a  Board  of  Engineers  shall  have  been  convened  and  de- 
termined upon  a  plan  for  the  construction  of  the  work. 
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The  most  suitable  place  for  such  a  liarbor  in  this  vicinity  is  the  chute 
tii8t  of  Arsenal  Island,  or  Cahokia  Chute. 

This  was  formerly  the  main  channel  of  the  Mississippi,  but  was  closed 
to  ua^i^ation  by  a  low  dam  constructed  in  1877-'78.  It  is  that  portion 
of  the  chute  below  the  dam  which  it  is  proposed  to  convert  into  an  ice 
harbor. 

There  has  been  no  opportunity,  as  yet,  to  determine  uiwn  a  completed 
inx)iect,  but  endugh  is  known  of  the  locality  and  the  necessities  of  the 
ease  to  justify  the  assertion  that  the  sum  asked  for,  t^lOO,000,  is  less 
than  will  he  required  to  complete  the  work. 

Mnwfy  statement 

^xooDt  appropriatc^d  by  RCt  approved  June  14, 1880. •••••••.. .••.••••••.  $50,000  OQ 

Jiilyl,  188<),  aiiumut  available 50,000  0(1 

Aiuonat  that  can  Ik*  profitably  expeuded  in  fisjcal  year  end  Injj  June  30,  lS«'.i. .  100,  (HK)  00 


IMPROVEMEXr  OK  MISSISSIPPI   RIVKR   AT  OR  NEAR  CAPE  GIRAKDEAU 

AND  MINTON'S  POINT,  MISSOl'RI. 

The  river  and  harbor  act  of  June  14, 1880,  contains  an  item  appro- 
priating $20,000  for  '*  improving  lilississippi  Kiver  at  or  near  Cape 
Gifardean  and  Minton's  Point,  Missouri." 

A  survey  of  the  locality  will  be  undertaken  as  soon  as  the  river  falls 
to  a  suitable  stage,  with  a  view  to  preparing  a  plan  of  the  works  required 
and  an  estimate  of  their  cost.  Sufficient  is  known  of  the  case  to  justify 
asking  for  $50,0(X)  for  next  year,  to  continue  the  improvement.  The 
sum  now  available  is  not  sufficient  to  exert  any  beneficial  efifect  ux)on  the 
landing  at  Gape  Girardeau  except  by  dredging.  Dredging  in  this  part 
of  the  Mississippi  is  an  expensive  way  of  procuring  an  inefficient  and 
temporary  xelief,  and  cannot  be  recommended.  It  is  supposed  that 
I>ermanent  relief  is  what  is  desired,  and  it  is  proposed  to  employ  the 
money  available  in  beginning  the  works  necessary  for  that  purpose  with 
the  expectation  that  the  additional  funds  required  will  be  provided  in 
the  future. 

Money  statetnenf. 

Atnoant  appropriated  br  act  approved  Jnue  14,  18^0 $20, 000 

July  1,  1880,  amount  available 20,000 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.     50, 000 


P  4. 

IMPKOVKMEXT  OF  OSAGE  KIVEK  IN  MISSOirRI  AND  KANSAS. 

The  river  and  harbor  act  of  March  3, 1879,  appropriated  $20,000  for 
this  work,  which  was  employed  in  continuing  the  method  of  improve- 
ment followed  during  previous  years.  The  latter  consists  of  contrac^t- 
ing  the  width  of  the  river  at  certain  shoals  by  means  of  cross-dams  and 
training-walls,  dredging  the  channel  by  means  of  teams  and  scrapers,  and 
the  removal  of  i*ocks  and  snags  from  the  channel  and  of  leaning  timber 
from  the  banks,  the  object  being  to  obtain  a  2-foot  channel  at  the  lowest 
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Hta^es  of  the  river.    All  the  works  wei*e  carried  on  by  hired  labor  an«l 
])iircha8e  of  material  in  open  market. 

MOORE'S   FLATS. 

(40  miles  from  the  mouth.) 

« 

Work  was  begun  at  Moore's  Flats  on  the  10th  of  July.-  The  dam  built 
last  was  strengthened  by  being  loaded  with  stone,  and  the  training  wall 
was  repaired  and  extended  upsti^eani  a  distance  of  200  feet.  Sixteen  snap 
were  removed  from  the  channel  at  the  lower  end  of  the  shoal.  Later  in 
the  season  the  training  wall  was  extended  900  feet  farther  upstream, 
contracting  the  channel  to  a  width  of  80  feet. 

The  total  length  of  the  ti'aining  wall  is  now  l,7i50  feet,  of  which  1,10<) 
feet  was  built  this  year.  It  was  constructed  of  riprap  on  a  brush  foun- 
dation. 

The  locality  is  shown  in  the  adjoining  sketch,  in  which  the  works  are 
indicated  by  the  heavy  full  lines.  The  upstream  ])ortion,  from  A  to  J^, 
was  built  this  year. 

IKKSKINS',   OR  LITTLE   TAVERN  SHOALS. 

(43|  miles  from  the  mouth.) 

» 

This  locality  is  shown  in  the  adjoining  sketeh.  The  river  was  divi<le«l 
into  three  chutes  by  Hoskins'  Island,  and  a  smaller  island  to  the  ^ht 
ward.  The  chute  between  the  latter  island  and  the  main  shore  had  be^u 
diosed  in  former  years  by  an  old  State  dam,  extending  from  a  to  ft.  Ir 
was  decided  to  extend  tiiis  dam  ai^ross  the  small  island,  and  then 
changing  its  direction  to  push  it  a<?ross  the  stream  and  connect  it  with  a 
taraining  wall,  rr7,  thus  contracting  the  channel  to  a  width  of  89  feet  (see 
sketch).  A  dam  743  feet  long  and  a  training  wall  430  feet  long  were  con- 
strueteid  of  riprap  on  a  brush  foundation.  Forty  snags  were  remove<l 
from  the  channel.  . 

REYNOLDS'  SHOAL. 
(4^>i  milefi  from  tho  mouth.) 

The  work  at  this  sJioal  consisted  of  the  removal  by  blasting  of  sowe 
rocks  from  the  channel,  amounting  in  all  to  about  300  cubic  yards;  <>t 
cutting  from  the  bank  eighty-eight  overhanging  trees,  and  of  removin^r 
ibrty  snagi^  from  the  channel.  The  dam  at  Hoskins'  Shoal,  2  miles 
below  this,  serves  to  increase  the  depth  of  water  on  this  shoal,  so  thar 
there  is  now  a  depth  of  2  feet  or  more  at  the  lowest  stages. 

kirkman's  shoal. 

(47f  miles  from  the  mouth.) 

This  locality  is  shown  upon  the  adjoining  sketch.  Several  dikes,  a  hy 
e  dj  efj  had  been  built  in  former  years  by  the  State  of  Missouri,  but  the 
shoal  remained  one  of  the  worst  upon  this  portion  of  the  river.  Thi^ 
plan  adopted  for  improving  it  was  to  build  a  dam,  ff  h^  from  the  rigln 
bank  out  into  the  river,  a  distance  of  250  feet,  connecting  it  wit^  a  train- 
ing wall,  ifc,  1,320  feet  long.  The  peculiar  shape  of  the  opposite  bank 
made  it  necessarv  to  suiiplement  the  latter  by  a  second  training  wall,//, 
630  feet  long. 


r 
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For  this  wall  the  State  dam  was  used  as  a  foaudation  for  a  length  of 
(iO  feet.  All  these  works  were  built  of  riprap  upon  a  fcmndatioii  of 
brush.  At  the  foot  of  the  artifieial  chute  thus  formed  a  ehaunel  was 
dredged  out,  the  quantity  of  material  removed  being  840  cubic  yards. 

DEVIL'S  ELBOW. 
(49  milos  from  the  moatb.) 

This  was  a  narrow  chute  which  was  difficult  to  navigate  on  account 
of  the  rapidity  of  the  current  and  the  crookedness  of  the  channel,  which 
WM  partly  obstructed  by  snags  and  overhanging  trees.  Fourteen  snags 
were  taken  frcmi  the  channel  and  eighty-five  trees  cut  from  the  banks. 
The  dam  at  Kirfcman's  Shoal,  1^  miles  below,  has  backed  the  water  up 
to  tins  shoal,  deepening  it  somewhat  and  diminishing  the  velocity  of 
the  current. 

pack's  shoal. 

(50  miles  from  the  mouth.) 

The  work  at  this  place  consisted  oi  dredging  a  channel  35(1  feet  long 
and  75  feet  wide,  involving  the  removal  of  455  cubic  yards  of  gravel. 

The  work  at  Kirkman's  and  Pack's  Shoals  was  flnished  October  14. 

There  being  some  repairs  and  extensions  required  upon  the  works 
previously  constructed  which  would  occupy  the  force  during  the  remain- 
der of  the  working  season,  it  was  not  deemed  advisable  to  begin  any 
work  above  those  point's.  The  force  was  acoordingly  ordered  back  to 
Moore's  Flats,  where  the  training  wall  was  extended  as  above  reported. 
On  the  way  down  an  obstruction  to  navigation  was  found  to  exist  in 

CLARK'S  ISLAND  SHOAL. 

(41|  miles  from  tlie  moath. ) 

A  channel  80  feet  wide  and  400  feet  long  was  dredged  through  this 
shoal,  involving  the  removal  of  782  cubic  yards  of  gravel. 

bubd's  shoal. 

(21f  miles  from  the  mouth.) 

A  Steamboat  had  grounded  at  the  head  of  this  shoal  in  August,  and 
in  getting  her  off  the  gravel  had  become  so  flattened  out  as  to  leave  but 
about  6  inches  depth  of  water  in  the  channel.  Temporary  relief  was 
given  at  the  time  by  dredging.  It  was  decided  to  diminish  the  chances 
of  accidents  of  that  kind  by  furtheir  contracting  the  width  of  the  chute. 
The  locality  is  shown  in  the  adjoining  sketch. 

The  full  heavy  lines  abc  show  the  old  work.  A  dam,  d  c,  195  feet  long, 
was  run  out  flx)m  the  left  bank  and  connected  with  a  training  wall,  g  hj 
parallel  to  the  old  training  wall,  and  90  feet  from  it. 

The  new  training  wall  had  been  built  to  a  length  of  450  feet  when  the 
approach  of  winter  rendered  it  imprudent  to  keep  the  equipment  any 
longer  so  far  &om  its  winter  quarters,  and  the  work  was  accordingly 
Kuspended.  It  is  proposed  to  extend  it  about  600  feet  during  the  com- 
ing year. 

These  works  were  built  of  riprap  upon  a  foundation  of  brush. 

During  the  month  of  January  the  recently  constructed  dam  was  broken 

MS  £ 
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at  it«  Bhore  end,  and  a  considerablo  current  passed  through  formmg  a 
bar  at  the  foot  of  the  chute,  and  endangering  the  dam.  A  force  wadset 
at  work  as  soon  as  practicable  to  repair  the  cUtmage.  The  break,  82  feet 
in  length,  was  repaired  and  the  bank  was  grad^  and  revetted  above 
and  bSow  the  dam  for  a  length  of  206  feet,  the  whole  being  completed 
on  the  9th  of  February. 

SHIPLEY'S  SHOAL. 

V 

(9  mUes  from  the  mouth.) 

A  frrther  extension  of  the  training  wall  at  this  shoal  had  become  nee 
essary.  The  improvement  of  this  locality  is  more  temporary  than  at  tbe 
other  shoals  bemuse  of  the  backwater  from  the  Missouri  River.  Thii^ 
meeting  the  barrier  formed  by  Shipley's  Shoal  drops  the  sediment  whicii 
it  carries  and  builds  up  a  new  bar  at  the  foot  of  the  chute  with  much 
more  rapidity  that  the  Osage  itself  could  do  with  its  gravel  Thf 
remedy  for  this  has  been  for  ttie  last  two  seasons  to  extend  the  training 
wall  downstream  until  the  foot  of  it  reached  a  point  where  the  watei 
was  from  3  to  6  feet  in  depth.  During  a  part  of  the  months  of  Novem 
ber  and  December  the  wsdl  was  extended  a  length  of  1,050  feet.  On  the 
18th  of  December  the  weather  became  very  cold,  causing  ice  to  form. 
and  it  was  not  considered  safe  to  keep  the  steamer  and  barges  any  longer 
at  work.  During  the  winter  a  break  82  feet  long  and  from  9  to  15  de«]> 
occurred  in  the  cross-dam  at  the  shore  end.  Work  was  resumed  on  th^f 
9th  of  March.  The  breach  in  the  dam  was  repaired,  the  bank  was  revet 
ted  for  a  length  of  50  feet  above  and  120  feet  below  the  dam,  and  some 
weak  portions  of  th  e  dam  were  stren  gthened.  Work  upon  the  training  wall 
was  then  resumed  and  continued  until  the  10th  of  April,  when  the  river 
became  so  high  that  it  was  necessary  to  again  suspend  operations.  Tb*" 
wall  had  been  extended  375  feet,  making  a  total  extension  for  the  year 
of  1,425  feet.  It  has  now  reached  a  long  flat  bar  known  as  Brennecke^ 
Shoal.  It  is  proposed  to  extend  it  across  this  shoal  during  the  coming 
year,  which  will  require  an  addition  of  2,600  feet.  This  wifl  carry  it  into 
water  about  8  feet  deep. 

The  adjoining  sketch  shows  the  position  of  the  works  already  execut4?<l 
and  that  of  the  proposed  extension,  the  latter  being  indicated  by  '^ 
broken  and  dotted  line.  There  is  now  a  2-foot  channel  at  the  lowe.< 
stage  from  the  mouth  of  the  river  to  the  foot  of  Berry's  Shoal,  a  distana' 
of  51  miles,  with  the  exception  of  about  2,600  feet  at  Shipley's  Shoalana 
600  feet  at  Burd's  Shoal.  Of  this  distance,  40  miles  from  the  mouth,  or 
as  high  up  as  Moore's  Flats,  had  been  the  subject  of  improvement  in 
previous  years. 

The  result  of  the  year's  work  is,  therefore,  11  miles  of  river  opened  U' 
low-water  navigation,  and  the  maintenance  of  the  previously  obtaint"^ 
diannel  for  a  distance  of  40  miles  with  the  exceptions  above  given.  I' 
may  be  necessary  to  build  dams  and  training  walls  at  some  of  the  8hoal^ 
where  as  yet  only  dredging  has  been  done,  but  with  these,  since  tbt 
Osage  River  is  a  stream  of  perfectly  clear  water  flowing  over  a  bed  o\ 
gravel,  with  substantial  banks,  I  see  no  reason  why  the  beneficial  resnlt- 
will  not  be  reasonably  permanent. 

APPROPRIATION  OF  JUNE  14,  1880. 

The  river  and  harbor  act  of  June  14, 1880,  appropriates  $30,000  for 
the  continuation  of  this  improvement.    Of  this  sum  $5,200  have  been 
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allotted  to  the  extension  of  the  training  wall  at  Shipley's  Shoal  and 
11^00  to  similar  work  at  Burd's  Shoal.  At  Berry's  Shoal  (51^  miles 
from  the  mouth)  a  depth  of  only  6  inches  is  sometimes  found  at  low- 
water.  It  is  proposed  to  contract  the  river  to  a  width  of  80  feet,  by 
means  of  a  dam  and  training  wall  like  those  used  at  the  other  shoals, 
with  a  view  to  securing  a  depth  of  2  feet  at  the  lowest  stage.  The  ad- 
joining sketch  shows  the  location  of  the  proposed  works.  The  sum  of 
17^500  has  been  allotted  to  this  work. 

There  are  four  shoals,  viz,  Music's,  Saline,  Burdsong's,  and  Town's, 
upon  which  the  work  will  consist  principally  in  removing  snags  from  the 
channel,  cutting  leaning  timber  from  the  banks,  and  in  one  or  two  places 
scraping  gravel.  The  sum  of  $3,800  has  been  allotted  to  the  works  at 
these  four  shoals. 

When  the  works  above  mentioned  shall  have  been  completed,  there 
will  exist  at  low- water  a  channel  of  2  feet  in  depth  from  Tuscumbia  to 
the  mouth,  a  distance  of  60  miles.  Above  Tuscumbia  as  far  as  the  mouth 
of  Bainey  Creek,  a  distance  of  90  miles,  there  has  been  no  survey  made. 
The  sum  of  $2,500  has  been  allotted  for  the  purpose  of  surveying  that 
I)ortion  of  the  river,  with  a  view  to  preparing  plans  for  its  improvement. 
There  will  then  be  a  continuous  map  from  Ottawa,  Kans.,  to  the  mouth. 
The  balance  of  the  funds  available  is  held  in  reserve  for  works  above 
Tascnmbia,  after  the  completion  of  the  survey. 

RECAPITULATION. 

Shipley's  «lioj»l $5,200 

Bord'B  Shoal 1,200 

Beiry  Shoal 7,500 

Music's,  Saline,  Bordsoxig's,  and  Town's  Shoals 3,800 

Survey  aboTe  Tuscumbia 2.500 

Reserved  for  works  above  Tuscumbia 9,800 

Total 30,000 

It  is  proposed  to  carry  on  the  greater  part  of  these  works  by  contract. 
That  system  can  be  applied  to  the  works  at  Shipley's,  Burd's,  and  Berry's 
Shoals.  In  the  case  of  those  shoals  where  the  work  will  consist  of  re- 
moving snags  and  overhanging  trees  and  scraping  gravel — viz,  Music's, 
Baline,  Burdsong's,  and  Town's — the  indefinite  amount  of  the  work  ren- 
ders it  impracticable  to  prepare  accurate  specifications  in  advance.  The 
work  at  these  shoals  will  be  carried  on  by  hired  labor. 

ESTIMATE  FOB  TEAR  ENDINO  JUNE  30,  1882. 

The  sum  of  $50,000  can  be  expended  to  advantage  during  the  year 
ending  June  30, 1882.  It  is  intended  to  employ  it  in  removing  obstruc- 
tions to  navigation  above  Tuscumbia,  the  exact  iM>sition  of  which  can- 
not be  given  until  after  the  completion  of  the  survey  to  be  undertaken 
this  year.  The  intention  is  to  create  a  continuously  good  navigation  as- 
cending the  river  each  year  as  far  as  the  means  available  will  permit. 
There  is  no  definite  project  for  the  improvement,  and  it  is  therefore  im- 
practicable to  fill  out  that  part  of  the  money  statement  which  gives  the 
amount  required  to  complete. 

Money  statement 

July  1, 1W9,  amount  available $-^0,791  10 

AmoQQt  received  for  fuel  sold  toofficers 124  50 

Anonnt  appropriated  by  act  approved  June  14,  1880 30, 000  00 

$50,913  60 
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July  1, 18^,  amount  expended  duiing  fiscal  year: 

By  Col.  J.  H.  Simpson,  Corps  of  Engineers $17,815  21 

By  Capt.  O.  H.  Emst,  Corps  of  Engineers 2,306  40 

|20, 120  61 

July  1,  1«80,  amount  available ^ 30,794  99 

Amount  that  van  be  profitably  expended  in  fiscal  year  ending  June  30, 18^.    50, 000  0^) 


Ps. 

survey  and  estimate  of  the  damages  to  riparian  owners  in 
front  of  the  town  of  venice,  ill.,  by  reason  of  government 
improvements  made  or  to  be  made  at  or  near  said  town. 

Engineer  Office,  United  States  Army, 

Saint  LoutHj  Mo.j  April  10,  1878. 

General:  Accoixiing  to  the  instructions  contained  in  your  letter 
dated  May  1, 1877,  requiring  a  survey  and  estimate  to  be  maide  "of  tbe 
damages,  if  any,  done  or  to  be  done  to  riparian  owners  of  lands,  and 
improvements  thereon,  at  or  in  front  of  the  town  of  Venice,  lU.,  near 
Haint  Louis,  Mo.,  by  reaHon  of  government  improvements  made,  or  to 
be  made,  at  or  near  said  town  of  Venice,"  a  survey  was  made  by  my 
assintant,  Mr.  William  Popp,  in  September  and  October,  1877. 

The  accompanying  map  of  this  survey,  on  a  scale  of  1  inch  to  200  feet, 
embraces  tlie  towns  of  Venice  and  Brooklyn,  the  Mississippi  River  from 
BischoflTs  dike  to  head  of  Bloody  Island,  and  tbe  river  ^nt  of  the  city 
of  Saint  Louis  from  Ferry  to  Florida  streets.    The  towns  of  Brooklyn 
and  Venice  are  laid  down  on  the  authority  of  the  public  records  of  Saint 
Clair  and  Madison  Counties.    The  subdivision  of  the  lands  of  the  Mad 
ison  County  Ferry  Company  is  copied  from  a  map  or  plan  loaned  for 
the  purpose  by  the  feiTy  company.    The  location  of  tbe  old  works*, 
shown  in  blue  and  green,  is  not  absolute,  being  transferred  trtna  tbe 
old  maps,  and  depends  upon  the  accuracy  of  the  snrveys,  and  plotting  of 
those  maps.    The  fall  blue  lines  are  taken  from  the  map  made  by  Lieut. 
K.  E.  Lee,  in  1839,  and  the  broken  blue  lines  are  fiom  a  map  com 
piled  by  Henry  Kayser,  City  Engineer  of  Saint  Louis,  in  1849.    The 
works  shown  in  green  are  taken  from  a  map  made  from  a  survey  in 
1861,  and  represent  the  location  and  then  condition  of  the  early  works. 
Eed  shore  lines  and  figures  are  taken  from  the  survey  made  in  1870  by 
Capt.  Charles  J.  AUen,  Corps  of  Engineers,  and  the  black  lines  and 
figures  represent  the  survey  of  1877.    Actual  soundings  are  given  in 
both  cases,  the  stage  being  practically  the  same,  +  7'.3  at  time  of  sur- 
vey in  1870,  and  +  V.2  in  1877. 

The  examination  of  the  question  of  damages  necessarily  involves  » 
search  of  the  records  to  ascertain  what  had  been  done  and  the  piir]ioso 
of  the  works,  also  any  acts  of  the  parties  interested  which  would  bear 
upon  the  question  presented.  This  examination  was  made  by  my  aasist 
ant,  Robert  E.  McMath,  and  the  result  is  embodied  in  a  report  upon  the 
matter  dated  March  20, 1878,  a  copy  of  which  is  forwarded  herewith. 
Mr.  McMath  arrives  at  the  following  facts  bearing  directly  upon  tho 
question  of  damages : 

1.  Damages  done  previous  to  1872  were  compensateil  for  by  a  pay- 
ment made  in  1841. 

2.  Said  payment  coveied  also  damage  to  be  done  by  completion  ot* 
the  plans  then  contemplated. 
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3.  The  party  to  whom  payment  wa«  made  is  the  same  as  the  corpora- 
tion now  owning  the  entire  Venice  front. 

i.  The  legislature  of  Illinois  in  1849  recognized  that  the  ferry  com- 
pany had  relinquished  their  rights  upon  this  front,  for  it  recovered  to  the 
f'err}"  company  the  right  to  use  a  certain  dike  to  be  built  upon  the  ground 
owned  by  the  ferry. 

5.  In  recovering  this  right  the  legislature  imposed  certain  conditions 
upon  the  ferry  which  have  not  been  fulfilled. 

6.  The  works  built  by  the  United  States  in  1873  do  not  matenally 
differ  firom  those  i>rovided  by  the  legislature  in  the  interest  of  the  ripa- 
rian owners. 

7.  Another  work  stands  in  a  position  to  impair  the  interests  at  Venice 
more  directly  than  the  one  extended  by  the  United  States. 

8.  The  only  riparian  interest  besides  that  of  the  ferry  company  is  sub- 
ject to  the  acts  and  obligations  of  the  ferry  company  from  whom  that 
interest  derives  title. 

ri)on  the  fa<.*t8  recited  above  the  conclusion  is  rea<5hed,  in  which  I  con- 
cur^ that  no  damage  has  been  done  by  works  actually  constructed  by  the 
Tuited  States  to  the  riparian  owners  of  lands  or  the  improvements 
thereon  at  or  near  the  town  of  Venice. 

Concerning  the  second  branch  of  the  inquiry,  what  damages  will  be 
(lone  by  fiiture  works,  a  definite  answer  cannot  be  given.  If  the  rec- 
ommendations of  the  Board  of  Engineers  convened  in  February,  1872, 
lie  strictly  adhere<l  to  the  damages  will  be  large,  and  will  depend  upon 
the  then  value  and  development  of  the  local  interests.  There  being  no 
immediate  probability  of  tliese  works  being  carried  out,  it  would  be 
ui^ess  to  estimate  these  interests  now,  if  the  means  of  making  such  an 
eiitimate  were  within  reach.  As  the  question  depends  upon  information 
obtainable  only  from  the  books,  officers,  and  employes  of  the  ferry  com- 
I>auy,  the  only  mode  of  arriWug  at  a  valuation  is  through  the  courts. 

To  avoid  the  question  of  damages  in  future,  I  concur  in  the  opinion 
that  it  would  be  well  to  modify  the  plan  of  the  Board  of  1872,  and  return 
to  the  lines  agreed  to  and  compromised  upon  in  1841  and  1849.  To  do 
this,  however,  would  affect  the  interests  of  the  city  of  Saint  Louis  in  an 
important  degree.  Until  the  publication  of  this  report  and  the  accom- 
imnying  papers  affords  an  opi>ortunity  for  the  authorities  of  Saint  Louis, 
and  indeed  all  interested  parties,  to  be  heard,  and  possibly  to  suggest 
other  solutions,^  cannot  indorse  the  recommendation  of  my  assistant  as 
to  the  immedate  construction  of  the  high  dikes  at  the  shore  end  of  Bis- 
choff's  dike,  and  at  the  foot  of  Ferry  street,  Venice,  for  the  construction 
of  such  works  mnst  depend  upon  their  being  accepted  by  the  riparian 
owners  in  lieu  of  all  possible  claims  for  damage. 

These  conclusions  are  base<l  upon  an  array  of  facta  obtained  with 
much  labor  from  recortls  and  documents.  In  order  to  present  the  evi- 
dence upon  which  they  are  founded,  a  memoir*  has  been  prepared,  and  is 
forwarded  herewith,  giving  in  narrative  form  a  histoiy  of  Saint  Louis 
Harbor  and  the  works  for  its  improvement,  to  which  a  series  of  impor- 
tant reports  is  added  as  appendixes  A,  B,  C,  D,  E,  F,  G,  H,  I,  J,  K,  L, 
M,  X,  O,  P,  and  Q,  in  evidence  of  facts  and  opinions. 
Very  respectfully,  your  obedient  servant, 

J.  H.  Sdcpson, 

Colonel  of  Engineers, 

Brig.  Gen.  A.  A.  IIumpheeys, 

Chief  of  Engineers^  U.  8.  A. 

*  Memoir  and  appendixes  printed  iu  Senate  Ex.  Do  c.  No.  20^  F<irty  -8ixth  CongnecM 
^<on4  leMioD. 
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survey  of  alton  harbor,  illinois. 

Engineer  Office,  United  States  Army, 

Saint  LouiSy  Mo.^  February  9, 1880. 

General  :  I  have  the  honor  to  transmit  here^vith  a  tracing  of  the 
map  of  Alton  Harbor,  on  a  scale  of  y-o^(j^,  made  in  accordance  with  the 
river  and  harbor  act  of  March  3, 1879. 

The  selection  of  the  best  plan  for  the  "improvements  proper  to  be 
made "  at  this  locality  being  a  problem  of  considerable  importance,  a 
Board,  consisting  of  Capt  O.  H.  Ernst,  Corps  of  Engineers,  Mr.  R.  E. 
McMath,  assistant  engineer,  and  Mr.  D.  M.  Gurrie,  assistant  engineer, 
was  convened  by  me  and  ordered  to  examine  and  report  upon  the  sub- 
ject. The  conclusions  of  the  Board,  whose  report  is  appended,  meet  with 
my  approval. 

The  plan  proposed  is  to  build  a  dike  beginning  at  the  point  A,  on  the 
Missouri  shore,  about  1^  miles  above  the  present  dam  across  Alton 
Slough,  and  running  diagonally  downstream  to  the  point  B,  a  distance 
of  about  4,800  feet,  here  making  an  angle  of  10  degrees,  and  running 
hence  nearly  parallel  to  the  Illinois  shore  towards  G,  as  far  as  may  be 
necessary ;  the  top  of  the  dike  to  be  14  feet  above  low- water ;  lines  of 
hurdles  to  connect  it  with  the  Missouri  shore  at  intervals  of  400  feet. 

Only  the  portion  from  A  to  B  is  to  be  built  the  first  year,  the  e«ti 
mated  cost  of  which  is  i39,000.  As  the  shoal  yields  to  the  eroding  action 
of  the  currents,  it  may  be  extended.  The  amount  of  extension  that  will 
be  required  is  uncertain,  but  it«  extreme  limit  will  be  3,000  feet,  the  esti 
mated  cost  of  which  is  $32,0(H).  The  total  estimated  cost  of  the  work> 
completed  is,  therefore,  $71,000,  of  which  $39,000  may  be  advantageously 
expended  the  first  year. 

I  regard  the  improvement  a«  of  value  in  the  interests  of  general  navi 
gation,  and  the  appropriation  of  the  amount  required  for  the  i)uri>06e  is 
recommended. 

Very  respectfully,  your  obedient  servant, 

J.  H.  Simpson, 

Brig.  Gen.  H.  G.  Wright,  Colonel  of  Eyigiyieers. 

Chief  of  Engineerny  U.  S.  A. 
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Engineer  Office,  United  States  Army, 

Saint  LouUf  Mo,,  January  ^^  1880, 

Colonel:  The  Board  coiivmed  by  your  order  of  the  24th  iuntaut  to  "examine  am' 
report  npon  the  best  plan  of  improvin'ff  Alton  Harbor,"  have  carefully  conaidered  tlu' 
aubject,  and  now  respectfully  nubmit  tneir  concIusionB. 

In  selecting  a  plan  of  improvement,  the  Board  have  been  pjovemed  by  the  folio wina 
general  principles :  The  works  of  improvement  should  be  so  located  that  they  wil- 
l)robably  harmonize  with  any  plans  which  may  in  the  future  be  adopted  for  the  rivei 
above.  The  improvement  of  Alton  Harbor  requires,  first,  the  removal  of  the  shoal  in 
front  of  the  present  city  landing,  and,  second,  providing  a  convenient  landing  on  tlu' 
Missouri  shoi-e  for  the  Alton  fen-y. 

The  shoal  in  front  of  the  landing  at  Alton  is  the  natural  r<*Rult  of  the  direction  of 
approach  of  the  channel,  and  the  object  of  the  works  of  improvement  should  be  f«> 
so  direct  the  channel  that  it  will  attack  the  shoal  and  flow  more  nearly  parallel  to  the 
city  front. 

Following  these  principles,  it  is  the  opinion  of  the  Board  that  the  best  plan  for  ini; 
pi-oving  Alton  Harbor  is  to  constnict  a  dike,  beginning  at  a  point  on  the  Missouri 
shore  aoont  1^  miles  above  the  dam  across  Alton  Slongh,  and  running  diagonally  down- 
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fttream  a  distance  of  about  4,800  feet,  to  a  point  near  the  foot  of  the  great  bar  shown 
opposite  the  northern  part  of  Alton,  and  abont  1,300  feet  from  the  IllmoiB  shore,  here 
making  a  small  angle,  and  running  hence  nearly  parallel  to  the  Illinois  shore  as  far 
08  may  be  necessary  ;  the  reference  of  the  top  of  the  dike  to  be  (96)  or  about  14  feet 
above  low-water. 

This  dike  collecting  all  the  waste  water  of  the  river  at  stages  below  14  feet,  as  in  a 
(iiimel,  and  discharging  it  against  the  main  channel  as  it  passes  down  the  Illinois 
»hore,  will  tend  to  divert  that  channel  while  not  coming  in  contact  with  it  itself.  It 
Hhonld  at  first  be  built  only  as  far  as  the  an/^le  4,800  feet  from  the  point  of  beginning. 
It  may  afterwards  be  extended  in  the  new  direction  as  the  shoal  yields  to  the  eroding 
action  of  the  current  as  far  as  may  be  rei^nired.  The  extreme  limit  of  this  extension 
will  be  3,000  feet,  and  that  length  is  estimated  for,  though  it  is  not  probable  that  it 
will  be  necessary  to  extend  it  more  than  half  that  distance,  if  so  far. 

As  the  dike  progresses  it  will  be  connected  at  intervals  of  400  feet  with  the  Missouri 
i>hore  by  lines  of  hurdles  running  perpendicular  to  it,  and  bnilt  to  a  reference  (97). 

A  good  landing  is  provided  for  the  Alton  ferry,  just  above  the  initial  point  of  the 
(Uke.  It  is  somewhat  farther  from  Alton  than  the  landing,  which  is  now  used  at  low 
btages,  but  it  is  near  the  landing  which  the  ferry  now  uses  at  high  stages. 

Id  preparing  the  estimate  of  cost  the  Board  has  thought  best  to  assume  as  a  basis 
a  form  of  construction,  the  snccess  of  which  is  tolerably  certain — ^that  is,  for  the  main 
d  ike  a  solid  structure.  It  is  unanimously  of  the  opinion,  however,  that  some  form  of  open 
construction,  such  as  hurdles  or  buoyed  curtains,  should  be  experimentally  tried  in 
that  part  of  the  dike  which  is  to  be  built  in  the  water.  Such  work  has  never  been 
executed  upon  the  Upper  Mississippi,  and  should  be  tried.  It  is  not  so  promising 
there  as  below  the  mouth  of  the  Missouri,  where  it  seems  to  be  succeeding.  Acooro- 
ingly  the  form  of  construction  adopted  as  a  basis  for  the  estimate  is,  for  that  part  of 
the  dike  built  in  the  water,  tiers  of  brush  mattresses  loaded  with  stone,  built  up  to 
low-water  mark,  and  above  that  level  two  rows  of  piles  lined  with  boards  and  filled 
ia  with  sand;  for  the  part  bnilt  wholly  upon  the  dry  sand-bar  a  bank  of  sand  10  feet 
thick  on  top,  with  side  slo|)es  of  |,  faced  with  stone  laid  on  by  hand  on  the  top  and 
ontside,  and  with  a  that<2hing  of  brush  on  the  inside,  and  its  foot  protected  on  the 
channel  side  by  a  brush  apron  50  feet  wide. 

The  Board  has  no  doubt  of  the  beneficial  effect  of  the  hurdles  which  are  to  connect 
the  dike  with  the  shore.    The  estimate  is  as  follows : 

For  part  above  angle : 
Diki- in  water  2,100  feet,  jit  $6 $12,600  00 


(b  cubic  yards  sand,  at  15  cents..  .|0  75  'J 


Dike  on  dry  bar,  con-  |  Vo  cubic  yards  stone,  at  $1.25 1  12^  f  2,700  ft., 

taioing    for     each  1 4  conl  brush  made  into  apron,  S       at 

running  foot,             |      at  $1.50 37        $2.30^.       6,223  50 

l^  i^H  cord  brush  as  thatch,  at  $1 06  J 

2  30i 
Httnlling  16,395  feet,  most  of  it  on  dry  bar,  at  75  cents 12, 296  25 

31, 119  75 
Contingencies,  about  25  ]>er  cent 7, 880  25 

39,000  00 
For  part  beloic  angle: 

I)ikein  water,  3,000  feet,,  at  $6 18,000  00 

Hurdles,  9,420  feet,  at  eO  cent* 7,536  00 

25,536  00 
Contingencies,  alnjut  2o  per  cent 1...      6,464  00 

32,000  00 

Total  for  the  works  completed.... 71,000  00 

of  which  $39,000  can  be  advantageously  expended  the  first  year. 
iJespectfully  submitted. 

D.  M.  CURRIR, 

Assistant  Engineei\ 
RoBT.  £.  McMath, 

As9istant  Engineer, 
O.  H.  Ernst, 
Col. .?.  H.  Simpson,  Captain  of  Engineers, 

iknps  of  Engineers f  U,  S,  J, 

Approved.  J.  H.  Simpson, 

Col,  Engineers  and  BvL  Brig.  Gen.,  C,  S.  A, 
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SURVEY   OF  THE   MISSISSIPPI   RIVER   OPPOSITE  THE   MOUTH  OF  THE 

MISSOURI. 

Engineer  Office,  United  States  Army, 

Saint  Loiiis^  Mo,j  March  25, 1880. 

General  :  1  have  the  hoDor  to  transmit  herewith  a  map,  upon  a  scale 
of  1  inch  to  1,000  feet,  of  the  "Mississippi  River  opposite  the  month  of 
the  Missouri,"  made  in  accordance  with  the  provision  of  the  river  and 
harbor  act  of  March  3, 1879,  by  my  assistant,  Mr,  P.  G.  F.  West. 

To  show  the  changes  that  have  been  going  on  at  this  locality,  I  have 
had  represented  in  broken  lines  the  shore  lines  as  they  were  fonnd  by 
the  survey  of  1870. 

Immediately  opposite  the  mouth  of  the  Missouri  the  bank  remained 
where  it  had  been  nine  years  before.  This  interesting  fact  is  explained  by 
the  woods  growing  there.  The  greater  stability  of  the  bank  stocked 
with  trees  over  those  cleared  for  cultivation  is  observable  everywhere 
along  the  river,  and  it  furnishes  a  reason  why  the  navigation  has  been 
steadily  deteriorating. 

Just  above  the  mouth  a  strip  of  land  about  11,000  feet  long  has  been 
washed  away  to  an  average  width  of  about  325  feet,  and  below  the 
mouth  a  strip  about  12,000  feet  long  to  an  average  width  of  about  675 
feet.  About  265  acres  of  good  arable  land  has  therefore  been  earned 
away.  Estimating  this  land  to  be  worth  $50  per  acre,  the  value  of  the 
property  destroyed  in  the  nine  years  is  about  $13,250,  which  is  an 
average  of  $1,472  per  year. 

The  obvious  means  of  preventing  this  loss  is  to  revet  the  bank.  About 
23,000  feet  of  bank  would  require  protection,  which,  at  $6  per  foot,  would 
cost  $138,000.  The  annual  interest  upon  that  sum,  at  4  per  cent.,  would 
be  $5,520,  which  is  more  than  three  times  the  present  annual  loss. 

In  the  interest  of  the  general  navigation  no  improvements  are  ^'  proper 
to  be  made"  until  the  Missouri  iteelf  shall  have  been  permanentlj 
rectified  and  have  received  a  permanent  mouth.  Bank  revetments  are 
undoubtedly  beneficial  to  navigation  by  cutting  off  the  supply  of  chan- 
nel-choking material,  but  their  cost  is  so  great  that  they  should  be  oon- 
stmcted  only  at  those  places  where  the  river  is  to  be  hdd  permanently. 
To  stop  its  inroads  in  one  direction,  leaving  it  free  to  alter  its  coarse 
in  the  opposite  direction,  cannot  be  regarded  as  judicious.  A  revet- 
ment opposite  the  present  mouth  of  the  Missouri  might  very  easily  find 
itself  in  a  few  years  at  a  distance  from  the  river.  " 

The  mouth  of  the  Missouri  is  now  2  miles  south  of  the  position  it  held 
in  1870.  In  the  mean  time  it  has  been  still  farther  south,  and  it  seems 
now  to  be  moving  northward.  Works  to  give  a  permanent  mouth  to 
the  Missouri  could  not  be  undertakeli  before  that  river  had  been  rectified 
for  a  considerable  distance  above.  The  latter  not  having  yet  been  pro- 
jected, it  is  premature  to  discuss  the  former. 

Very  respectfully,  your  obedient  servant, 

J.  H.  Simpson, 

Colonel  of  tlngineeri. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  EngineerSy  U.  8,  A. 


^f*^ 
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REMOVING  SNAGS  ANP  WBEOKS  FBOH  THE  MISSISSIPPI,  MIBSOUBI,  ANI> 
ABKANSAS  BIVBBS— SXmVEYS  AND  MPEOYBMBNTS  AT  VABIOUS 
POINTS  ON  MISSOURI  RIVER— SXJKTEY  OP  MISSOURI  RIVER  FROM 
ITS  MOUTH  TO    SIOUX    CITY — ^IMPROVEMENT  OP    ARKANSAS  RIVER. 


report  of  major  charles  b.  suter,  corps  of  engineers,  officer 
in  charge,  for  the  fiscal  year  ending  june  30, 1880,  with  other 
documents  relating  to  the  works. 

United  States  Engineer  Office, 
Saint  LoHiSj  Mo.,  September  10, 1880. 

QsNERAL :  I  have  the  honor  to  submit  herewith  my  annual  report 
vpwuthe  operations  committed  to  my  charge  daring  the  fiscal  year  end- 
ing June  30, 1880. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  B.  Suter, 


Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineen,  U,  S.  A. 


Major  of  Engineer's 


Q  I. 

REMOVING  SNAGS  AND  WRECKS  FROM  THE  MISSISSIPPI,  MISSOURI,  AND 

ARKANSAS  RIVERS. 

During  the  past  season  three  snag-boats  were  employed,  Tiz,  the  J. 
X.  If  aoomb  and  B.  E.  De  Bussy  in  the  Mississippi  and  Missouri,  and 
the  0.  B.  Beese  in  Arkansas  Biver.  Twelve  months'  snag-boat  work 
vas  accomplished,  distributed  as  follows,  viz :  Mississippi  Biver  six 
months,  Missouri  Biver  two  months,  Arkansas  Biver  lour  months.  This 
time  was  well  expended,  all  the  boats  worked  very  industriously,  and, 
as  the  Mississippi  work  was  done  at  a  very  low  stage  of  the  river,  it  was 
of  great  value.  The  work  in  Arkansas  Biver  was  also  very  satisfactory, 
though  the  backwater  from  the  Mississippi  covered  up  most  of  the  snags 
in  the  lower  portion  of  the  stream.  The  Missouri  was  so  low  that  we 
were  unable  to  do  as  much  work  as  had  been  intended. 

MISSISSIPPI  RIVER. 

Work  on  this  stream  extended  from  the  mouth  of  the  Missouri  to  the 
bead  of  Beadman's  Bend,  a  distance  of  1,000  miles.  The  snag-boat 
De  Bussy  left  Mound  City,  HI.,  August  16, 1879,  and  worked  up  to  Saint 
Louis,  which  point  was  reached  August  28.    She  then  worked  for  about 

1401 
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a  week  in  the  Misaoari  River  near  its  mouth,  after  which  work  was  re- 
sumed in  the  Mississippi.  The  boat  passed  three  times  over  the  rirer 
between  Cairo  and  Saint  Louis,  and  on  October  13  started  from  Oairo  to 
work  in  tilie  lower  river.  By  November  1  she  had  reached  Longwood 
Landing,  where,  being  relieved  by  the  Macomb,  she  worked  back  to 
Cairo  and  was  laid  up  at  Mound  City,  111.,  December  6, 1879. 

The  snag-boat  Macomb,  whioh  had  been  detailed  to  the  Missouri 
River  in  the  early  part  of  the  season,  began  operations  in  the  Missis- 
sippi October  7, 1879.  She  worked  three  times  over  the  river  between 
Cairo  and  Saint  Louis,  and  November  4  started  for  the  lower  river. 
She  worked  down  as  far  as  Deadman's  Bend,  and  turned  back  from  that 
point  November  18.  The  boat  reached  Cairo  December  2,  and  was  laid 
up  at  Mound  City,  HI.,  December  6,  1879. 

January  28, 1880,  she  again  started  out  and  worked  up  to  Saiut  Louis 
and  back,  being  laid  up  for  the  season  February  14,  1880. 

Table  of  v^ork  done  in  the  M%89\*H\pp\  Rirei: 
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MISSOURI  BIYER. 

The  snag-boat  Macomb  left  Mound  City  August  10, 1879,  and  entered 
the  Missouri  River  August  14.  By  September  10  she  had  worked  up  to 
Lexington  Bar,  317  miles  from  the  mouth,  from  which  point  she  turned 
back  and  left  the  Elver  October  3,  to  work  in  the  Mississippi.  In  addi 
tion  to  this  the  De  Bussy  did  about  a  week's  work  near  the  mouth  of  the 
river  in  the  beginning  of  September. 

Table  of  icark  done  in  ike  Afiesouri  River/ 


Name  of  boat. 


T.  If .  Macomb  .. 
R.  E.  De  Rossy. 
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ARKANSAS  RIVER. 


Work  on  this  stream  extended  from  the  mouth  to  the  head  of  Trustee 
Bend,  a  distance  of  500  miles. 

The  new  stem-wheel  snag-boat  Chauncey  B.  Reese,  having  been  com- 
pleted, left  Moand  City,  HI.,  for  Arkansas  River  January  2, 1880.    She 
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reached  the  mouth  and  began  work  January  7.  After  passing  several 
times  over  the  river  between  Little  Bock  and  the  mouth,  she  began  work 
March  4  above  Little  Eock.  By  the  16th  she  had  reached  Trustee  Bend, 
from  which  point  she  turned  back.  She  left  Arkansas  Biver  April  12 
and  returned  to  Mound  City,  111.,  where  she  was  laid  up  May  5, 1880. 

Table  of  work  done  in  the  Arkannas  River. 


Kame  of  boat. 
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Recapitulation  of  \cork  done  during  the  fiscal  year  ending  June  30,  1879. 
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OBSERVATIONS  AND  SURVEYS. 

Under  the  instructions  of  the  department  the  field-work  of  the  par- 
ties engaged  on  this  work  was  closed  up  June  25, 1879,  and  the  results 
of  the  various  observations  were  turned  over  to  Col.  Z.  B.  Tower,  Corps 
of  Engineers. 

CONSTRUCTION  OF  NEW  SNAOBOAT«. 

Work  upon  the  iron-hulled  boats  to  carry  the  machinery  of  two  of 
the  old  wooden  ones  was  in  progress  during  the  season.  One  boat,  the 
Chauncey  B.  Beese,  was  completed  at  the  end  of  December,  and  sent 
at  once  to  the  Arkansas  Biver.  Her  work  there  was  of  the  most  satis- 
factory character,  and  the  boat  seems  well  adapted  to  work  on  the 
smaller  streams.  She  is  a  stem-wheel  steamer  170  feet  long  and  36  feet 
l>eam.  Her  draught  at  stern,  loaded,  is  28  inches ;  at  bow,  20  inches ; 
mean  draught,  24  inches.  She  has  for  snagging  purposes  four  steam 
capstans,  a  pair  of  heavy  iron  shears,  and  a  sweep-chain,  while  her  bow 
and  deck  are  suitably  shaped  and  constructed  to  enable  snags  to  be 
pulled  in  on  deck  and  cut  up. 

A  large  force-pump  was  successfully  used  for  loosening  up  logs  and 
8nag6  Imbedded  in  the  sand.  Dynamite  was  also  tried  for  this  and 
other  purposes,  but  without  marked  results. 

The  hull  of  the  large  side-wheel  snagboat  Horatio  G.  Wright  was 
^ell  advanced  towards  completion,  but  the  exhaustion  of  the  appropria- 
tion compelled  a  suspension  of  operations  in  the  early  winter.    A  few 
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months'  work  will  complete  this  iiue  vessel,  and  it  is  expected  that  sbe 
wiU  take  the  field  in  the  fall. 

When  this  boat  is  completed  the  work  will  be  fairly  equipped  with 
large  boats,  and  the  Beese  will  probably  be  sufficient  to  take  care  of 
Arkansas  Bdver,  but  there  is  still  great  need  of  a  boat  of  medium  me 
which  can  be  used  at  all  seasons  in  the  Missouri  Biver.  For  such  a  boat 
we  have  the  machinery  on  hand,  and  estimates  for  an  iron  hull  are  sub- 
mitted herewith.  It  is  intended  during  the  present  season  to  put  a 
wrecking  outfit  on  the  wooden  snagboat  De  Bussy,  and  keep  her  at 
that  special  work  hereafter. 

The  boat  is  old  and  requires  extensive  repairs  to  properly  fit  her  for 
this  work,  and  estimates  for  the  purpose  are  submitted. 

OPERATIONS  FOR  THE  COMING  SEASON. 

The  plans  submitted  to  you  contemplate  the  completion  of  the  snag- 
boat  Wright  and  current  repairs  to  the  balance  of  the  fleet,  together 
with  such  snagboat  work  as  the  funds  available  will  justLfy.  It  i8 
thought  that  tMrty-one  months'  work  can  be  accomplish^,  distributed 
as  foUows,  viz : 

*  MontLi. 

Miflsissippi  River 16 

Mistonn  Kiver 7 

Arkaiuas  River '^ 

Total 31 

The  work  in  Hituated  in  the  collection  district  of  New  Orleans. 
The  amount  of  revenue  collected  at  the  port  of  Saint  Louis,  Mo.,  during  tht  fiiK'al 
y«ar  ending  Jime  30,  18H0.  was  11,176.009.57. 

The  commerce  benefited  by  the  work  is  that  of  the  entire  Mississippi  Valley. 

ESTIMATE  OF  AMOUNT  REQUIRED  FOR  FISCAL  YEAR  EXDINO  JUNE  30,  1882. 

For  building  one  small  irou-huUed  snagboat  to  carry  machinery  of  one  of 
present  wooden  boats 9105,000  00 

For  repairing  one  wooden  snagboat  and  fitting  it  up  for  wrecking  pur- 
poses        50, 000  W 

For  working  ^penses  of  five  boats,  ten  months  each,  at  $4,000  ]ier 
month 200, 000  W 

Total 356,000  W 

Money  statement. 

July  1,  1879,  amount  available $153,831  06 

Amount  appropriated  by  act  approved  June  14,  1880 200, 000  00 

$353,831  t« 

July  1,  18S0,  amount  expended  during  fiscal  year 150, 963  2r< 

July  1,  Ir^,  amount  available 202,867  7* 


Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  IS^'2.     1^55, 000  00 


Q  2. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  SAINT  CHARLES,  MISSOURI. 

Plans  and  estimates  for  the  improyementof  the  Missouri  Biver  at  this 
point  were  submitted  to  you  under  date  of  January  2, 1879.  This  report 
was  published  as  House  Ex.  Doc.  'So.  60,  Forty-fifth  Congress,  third 
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v^88ion.  aud  was  reprmted''a6  Appendix  O  17  to  tbe  Auuual  Bejiort  of 
the  Chief  of  Engineers  for  1879. 

Congress,  by  act  approved  June  14, 1880^  appropriated  $25,000  for  this 
work,  which  during  the  present  season  will  be  taken  in  hand  and  pros- 
i'CQted  in  accordance  with  the  plan  proposed. 

The  work  is  situated  in  tbe  collection  district  of  New  Orleans,  and  the  nearest  i>ort 
of  deUvery  is  Saint  Louis.  Mo.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Amonnt  of  revenue  collected  at  the  port  of  Saint  Louis,  Mo.,  during  the  fiscal  year 
eiuling  June  30,  1»*J0,  was  |1, 176,009.57. 

Money  statement. 

Amoant  appropriated  bv  act  approved  June  14,  1880 $2i),  000  00 

Jnlyl,  1880,  amount  available 2.'>,000  W 

Amoant  (estimated)  required  for  completion  of  existing  project 55, 000  00 

Ainofint  that  can  be  profitably  exi>endcd  in  fiscal  j-ear  ending  June  30, 18S*2 .  55, 000  00 


Q3. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  CEDAR  CITY,  MISSOl'RI. 

At  the  date  of  my  last  rei>ort  work  was  in  progress  on  a  mattress 
levetment  along  the  front  of  Cedar  City  and  on  a  floating  brush  dike 
designed  to  throw  the  river  out  of  Cedar  City  Bend.  This  work  was 
continued  as  far  as  the  small  appropriation  would  allow,  a  total  of  1,100 
feet  of  revetment  being  built  and  1,900  feet  of  brush  dike.  The  brush 
dike  was  only  partially  successful ;  the  rest  of  the  work  has,  however, 
stood  well  and  the  general  results  are  satisfactory.  The  works  will  be 
extended  during  the  present  season. 

Assistant  8.  W,  Fox  had  charge  of  the  work,  with  Assistant  T.  C. 
Bradley  as  local  engineer. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  aud  the  nearest  port 
of  delivery  ia  Saint  Louis.  Mo.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Amonnt  of  revenue  ooliecte<l  at  the  port  of  Saint  Louts,  Mo.,  during  the  fiscal  vear 
ending  Jnne  30,  1880,  was  $1,176,009.57. 

Money  statement 

J'dy  1,  1879,  amount  available $6,316  60 

Amoant  appropriated  Uy  aet  approved  June  14,  1880 15, 000  00 

$21,316  60 

JhIv  1,  1880,  amount  expended  during  fiscal  year 5, 902  68 

Jnlyl,  1880,  amonnt  available 15,418  97 

Amonnt  (estimated)  required  for  completion  of  existing  project 45, 000  0^ 

Amonnt  that  can  lie  profitably  expended  in  fiscal  year  enaing  June  30, 1882.    45, 000  00 


RKPORT  OF  MR.   S.    WATKR8  FOX,   ASSISTANT  EXGIXEEll. 

Saint  Louis,  July  7,  1880. 

Major  :  1  have  the  honor  to  submit  my  report  of  the  improvement  of  the  Missouri 
River  n«ar  Cedar  City,  Mo.,  for  the  fiscal  year  ending  June  30,  1880. 

At  ithe  close  of  the  previous  year,  June  30,  1879,  I  submitted  a  report  of  the  work 
dime  that  year,  a  project  for  the  expenditure  of  the  funds  available  at  that  date,  and 
a  jzeneral  plan  with  eistimates  for  final  improvement  of  the  reach. 

In  accoidanoe  with  the  project  work  was  continued  ou  the  weed  dike  commenced 
isMt  year  at  the  head  of  the  bend. 

The  Jnne  rise  greatly  impeded  the  progress  of  the  work.  It  was  not  until  Aaguet 
1*2  tliat  ihe  dike  was  completed.    The  amount  of  funds  available  at  the  time  was  s* 
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small  that  field  operations  were  stopped.    The  property  was  invoiced,  and  left  in  the 
care  of  a  watchman  at  Cedar  City.    No  attempt  was  made  to  collect  physical  data. 

The  dike  was  obviously  desired  to  cause  an  accretion  in  Cedar  Bend,  and  ulti- 
mately to  shut  off  its  water  entirely. 

Tlie  weeds  were  anchored  in  double  line  from  the  shore  out  1,200  feet ;  from  there  a 
single  line  700  feet  long  was  pat  in,  making  an  angle  of  35  degrees  down  stream  with 
the  former. 

The  style  of  weed  adopted  was  nearly  identical  with  that  described  in  my  report 
last  year  of  the  improvement  of  the  river  near  Glasgow,  Mo. 

The  number  of  weeds  in  the  dike  was  314,  the  total  cost  of  which  was  $1,545.96,  or 
$4.92  per  weed  in  place.  A  fill  of  3  feet  was  recorded  August  2,  and  another  of  4.14 
feet  August  10 ;  since  then  no  soundings  have  been  taken.  With  the  exception  of  a 
shaJlow  thread  of  water,  which  was  at  no  time  entirely  stopped,  the  bend  was  dry 
dnrinff  the  low  stage  of  river.  After  ha  vine  been  imbedded  in  silt  and  exposed 
for  a  length  of  time  to  the  alternate  action  of  sun  and  water,  weeds  are  seldom  able 
to  rise,  even  if  free  to  do  so  with  a  return  of  high- water.  This  effect  is  therefore  tem- 
porary. 

^  When  I  visited  the  work  on  the  22d  of  June,  not  5  per  cent,  of  the  number  of  weeds 
put  in  were  visible,  the  wat4dr  being  from  2  to  5  feet  over  them.  But  little  damage 
was  being  done,  however,  to  the  bend  below ;  fully  75  per  cent,  of  the  river  passed 
down  the  channel  next  to  the  bluffs  on  the  right  bank. 

In  the  upper  bend  the  left  bank  had  receded  along  its  entire  length,  more  noti^^ 
ably,  however,  in  the  lower  half.  The  point  at  the  extreme  lower  end  of  the  beud 
wears  rapidly  during  a  high  stage  of  water ;  thus  the  crossing  is  lengthened  and  thi 

Pressure  on  the  dike  lessened.    The  increased  pressure  brought  to  bear  upon  the  tow* 
ead  has  greatly  diminished  its  size. 

The  bar  in  front  of  Jelfersou  City,  which  had  been  forming  for  some  time  previoul 
to  the  construction  of  the  dike,  has  disappeared,  so  that  boats  can  land  at  any  d^i 
sired  point  along  the  town  iront.    The  revetment  along  the  left  bank  in  front  el^ 
•edar  City  is  still  intact.  ;  yf 

Before  closing  I  wish  to  acknowledge  the  services  of  Mr.  T.  C.  Bradley,  the  asMist-  /v 
ant,  under  whose  direct  charge  the  work  was  carried  on.    Much  credit,  is  due  to  b^oi'^ 
for  the  intelligence  and  energy  with  which  he  acquitted  himself. 
I  am,  major,  with  great  respect,  your  obedient  servant, 

S.  Waters  Fox, 

JssiaUint  Engineer.       ,' 
Maj.  Chah.  R.  Suter,  J/' 

Corps  of  Engineerfij  U.  S.  A,  / 
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IMPROVEMENT  OF  MISSOURI  RIVER  AT  GLASGOW,  MISSOURI.        ^i 

At  the  date  of  my  last  annual  report  a  considerable  amount  of  wo 
bad  been  already  done  at  this  place  in  the  construction  of  floa 
brush-dikes  designed  to  force  the  river  channel  away  from  the  rig] 
bank  of  the  bend  above  Glasgow,  Mo.    This  work  was  continued  duri 
the  past  season,  2,385  feet  of  brush  dike  having  been  put  in  and  1, 
feet  of  bank  protection  constructed.    The  results  of  this  work  ha 
been  satisfactory,  and  the  system  will  be  extended  during  the  preset 
season.    The  work  was  in  charge  of  Assistant  S.  W.  Fox. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  p<l 
of  delivery  is  Saint  Louis,  Mo.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenne  collected  at  Saint  Louis,  Mo.,  during  fiscal  year  ending  Jnne  31 
1860,  was  $1,176,009.57. 

Money  statetnenL 

July  1,  1879,  amount  available .' $9,642  24 

Amount  appropriateil  bv  act  approved  June  14,  1880 20, 000  00 

$29,642  1 

July  1,  1880,  amount  expended  during  fiscal  year 8, 632  i 

r 

July  1,  1880,  amount  available 21,009  I 

Amount  (estimated )  required  for  completion  of  existing^  project 96, 000  J 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  :)0, 1882.    98, 0(H)  I 


^  I 

w, 
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REPOBT  OF  MK.   8.   WATERS  FOX,   ASSISTANT  KNGINEBR. 

Saint  Louis,  July  6,  1880. 

Major  :  I  have  the  honor  to  submit  my  report  and  the  accompanyine  map  of  the 
impruTement  of  the  Miseouri  River  in  the  yicinity  of  Glasgow,  Mo.,  for  tne  fiscal  year 
ending  Jnne  30,  ISfiO. 

At  uie  close  of  the  previous  year,  Jane  30,  1879,  I  submitted  a  report  of  the  work 
done  that  year,  a  project  for  the  expenditure  of  the  funds  available  at  that  date,  and 
a  general  plan  witn  estimates  for  the  improvement  of  the  reach  from  Cambridge  Bend 
to  Qlasffow. 

It  will  be  noticed  that  the  project  was  not  strictly  adhered  to,  but  revised  at  times 
to  meet  the  demands  occasioned  by  a  change  of  regimen. 

During  the  year  there  was  constructed  2,385  feet  of  weed  dike,  and  1,900  feet  of 
hhore  protection  ;  these  figures  include  the  repairs  made  to  dikes  across  No.  4,  and  to 
the  shore-bar  protection ;  in  addition  the  railroad  dike  was  repaired. 

A  hvdroffraphical  survey  and  two  shore-line  surveys  of  the  entire  reach  were  made 
and  platted. 

For  a  description  of  the  weeds  I  beg  leave  to  refer  you  to  my  report  of  last  year. 
The  shore  protection  i9  described  in  this  report. 

In  accoraance  with  the  project  the  first  work  contemplated  the  completion  of  the 
weed  dike  at  the  head  of  the  shore  chute.  The  work  was  carried  on  under  special 
difficulties,  arising  chiefly  from  exposure  to  the  drift  of  the  June  freshet.  When  com- 
pleted, July  9,  the  dike  contained  60  weeds,  anchored  in  double  line  from  the  shore 
*^  feet  out.    In  a  short  time  the  chute  was  practically  closed. 

On  the  14th  of  July  work  was  commenced  on  the  weed  dike  proposed  for  upper  end 
of  the  middle  bend.  Ninety-four  weeds  were  anchored  in  double  line,  from  the  shore 
••nt  450  feet.  At  this  time  the  current  made  a  long  crossing  from  the  left  bank,  at  a 
)K>int  nearly  opposite  Cambridge,  impinging  on  the  right  bank  first  at  a  point  a  short 
distance  below  the  location  selected  for  the  root  of  the  dike;  here  (and  indeed  for 
TM'arly  the  entire  length  of  bend)  the  bank  was  caving  rapidly.  From  the  time  of  its 
completion  to  date,  no  erosion  of  the  right  bank  below  for  a  distance  of  2,000  feet  has 
tx'curred  ;  a  shore  bar  now  extends  from  the  dike  down  about  700  feet. 

As  the  high-water  passed  off,  it  was  noticed  that  there  were  several  breaks  in  the 
dikes  across  No.  4  chute ;  these  were  repaired,  and  two  auxiliary  dikes  put  in,  one  at 
the  upper  end  *200  feet  long,  and  one  at  the  lower  end  100  feet  lon^. 

Work  was  then  commenced  at  the  railroad  dike  as  proposed.  Sixty-one  weeds  were 
anchored  in  single  line,  extending  from  the  end  of  the  solid  dike.  As  the  river  was 
<{uite  high  at  this  date,  it  was  thought  best  to  wait  for  lower  water  before  putting  in 
the  revetment  proposed  for  the  right  bank  below  the  railroad  dike.  On  the  9th  of 
August  the  entire  force,  with  the  exception  of  the  watchman,  a  draughtsman,  and  a 
clerk,  was  discharged.  On  the  14th  of  August  a  cut-off  occurred  at  Bushwacker  Bend 
which  shortened  the  river  5  miles,  the  fall  in  this  distance  being  5.2  feet. 

On  the  15th  of  August  a  reconnaissance  of  the  entire  reach  was  made,  and  the  fol- 
lowing notes  taken,  viz : 

The  cnrrent  no  longer  followed  the  left  bank  of  Cambridge  Bend,  but  ma4le  a 
crossing  through  the  bar  and  attacked  the  shore  bar  on  the  right,  some  distance  above 
the  firont  of  Cambridge.  This  was  a  very  desirable  change,  as  it  promised  a  landing 
to  Cambridge.  The  current  entered  the  Middle  Bend  in  a  direction  parallel  to  the 
right  bank,  and  was  doing  little  damage  except  in  the  lower  part  of  the  bend ;  here 
a  deep  pocket  was  cut.  The  lower  side  of  the  pocket  is  composed  largely  of  gumbo. 
From  this  the  current  was  delivered  in  a  direction  compelling  a  short  crossing  to  Har- 
rison's Island.  This  condition  of  affairs  caused  the  formation  of  the  large  shore  bar, 
before  which  the  Harrison  Island  shore  line  receded  slowly.  Leaving  the  island, 
another  short  crossing  was  made,  the  current  impinging  on  the  shore  bar  about  450 
feet  above  the  western  end  of  the  dikes  across  No.  4.  The  dikes  were  in  compara- 
tively quiet  water,  the  current  lying  north  of  them  and  running  parallel  to  them. 

Before  reaching  the  tow-head  the  cnrrent  divided  and  entered  three  distinct  chan- 
nWs.  For  convenience  of  reference  I  have  numbered  them,  commencing  at  the  left 
bank. 

The  head  of  No.  1  was  quite  shoal  and  very  much  obstructed  by  snags  and  rock 
heaps;  there  was  a  heavy  draw  over  to  it,  however,  and  it  is  possible  that  a  prompt 
removal  of  the  obstructions  mentioned  would  have  rendered  it  a  navigable  channel. 

No.  2  was  a  new  feature  in  the  topography  of  the  river,  and  at  that  stage  of  the 
river  was  navigable;  at  the  head  there  snowed  a  6-foot  channel,  with  a  bottom  of  com- 
pact gravel  and  occasional  bowlders. 

No.  3  w^as  carrying  60  per  cent,  of  the  river.  Its  channel  hugged  the  eastern  shore 
of  the  tow-head,  and  delivered  the  water  with  a  velocity  of  about  4  miles  per  hour 
against  the  main  right  bank,  and  in  a  direction  approximating  a  normal  to  its  shore 
line ;  consequently  the  caving  was  heavy.  Below  this,  there  was  no  change  worthy 
of  oole. 
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On  the  17th  of  August  the  watchmaii  reported  a  slide  of  the  bank  immediately  above 
and  below  the  railroad  dike,  and  that  the  dike  itself  had  settled.  After  a  close  ex- 
amination, I  attribnted  the  trouble  to  reef  action  above  the  dike,  which,  by  cauBing 
excessive  scour  alone  the  base  on  the  upper  side,  cut  through  the  stratum  of  bine 
clay  or  gumbo  on  which  the  dike  rested,  and  attocked  the  <)uicksaQd  underneath. 
The  structure  thus  left  without  support  settled,  carrying  with  it  as  much  of  Uie  bank 
as  adhered  to  it.  By  means  of  brush  weighted  with  ba^s  of  gravel  and  sand  thrown 
in  above  and  below,  the  scour  was  stopped,  but  not  until  the  dike  had  settled  4  feet. 
In  the  mean  time  the  river  was  encroaching  on  the  shore  bar  at  head  of  No.  4,  and  it 
became  necessary  to  protect  it. 

It  would  have  been  advisable  to  have  revetted  it  at  once  with  brush-mattress  work, 
but  this  method  could  not  be  entertained  at  the  time,  as  it  wonld  have  drawn  too 
heavily  on  the  allotment  for  the  revetment  proposed  for  the  right  bank  below  the 
railroad  dike.    The  following  method  was  adopted  as  an  expedient,  viz : 

Large  bundles  of  dogwood  i>nish  were  sunk  along  the  line  of  the  old  shore,  the  top 
being  free  and  lapping  each  other ;  similar  lines  of  brush  were  rim  out  to  this  from 
several  points  on  shore,  thus  forming  a  sort  of  hurdle  system. 

Daring  the  progres-s  of  the  work,  as  an  experiment,  I  had  made  300  feet  of  curtain 
(identical  in  construction  with  the  willomcurtain  described,  and  used  first  by  lir.  L.  E. 
Cooley,  assistant  in  charge  at  Nebraska  City) ;  this  was  cut  in  lengths  of  30  feet,  and 
]iut  in  as  a  revetment  at  the  upper  end  of  the  hurdle  work  just  described.  This  work 
was  completed  August  24.  At  that  date,  No.  4  was  silting  up  very  rapidly,  and  revet- 
ment seemed  unnecessar}'-,  as  far  down  as  the  point  where  the  current  IVom  No.  3 
impinged  on  the  right  bank;  here  and  for  some  distance  below,  as  already  stated, 
the  caving  was  heavy.  To  hold  a  bank  successfully  under  such  conditions  as  obtained 
here  would  require  a  revetment  that  would  follow  the  scour  to  its  last  limit  if  neces- 
eary. 

With  the  hope  of  avoiding  so  expensive  a  revetment,  it  was  thought  advisable  t^) 
<-onHtnict  a  weed  dike  at  tne  head  of  No.  3,  that  wouhl  thrsw  the  channel  fnrthfT 
down,  if  not  entirely  out  of  the  chute.  About  tKK)  feet  of  the  dike  had  been  complet-ed 
when  orders  were  received  to  suspend. 

On  the  22d  September,  tlie  property  was  taken  to  Glasgow,  and  an  inventory  made ; 
the  boats  were  hanlud  out  on  the  bank  and  covered,  and  the  smaller  articles  stored 
in  a  warehouse. 

On  the  26th  a  shore-line  survey  uf  the  reach  was  commenced.  It  was  finished  on 
the  29th.  On  the  25th  of  Oot4>ber  a  break  occurred  at  the  upper  end  of  the  shore  bar 
protection,  and  by  the  1st  of  November  nearly  all  of  the  work  bad  been  carried  away. 
On  the  3d  of  November  preparations  were  commenced  for  revetting  the  bar  with  cur- 
tains.    The  method  of  construction  was  as  follows,  viz : 

Willow  brush  was  selected  of  lengths  not  less  than  35  feet,  and  fh)m  2  to  4  inches  at 
the  butts.  Seven  f  men)  weavers,  provided  each  with  two  shuttles  of  No.  11  wire,  were 
distributed  along  tlie  length  of  the  brush  at  distances  of  about  4  feet.  The  wire  from 
each  shuttle  being  made  fast  to  the  first  brush,  one  of  each  pair  was  laid  back  £rom  th<« 
weaver,  and  the  other  retained  in  the  hand ;  a  second  willow  was  then  laid  on  the 
wire  parallel  t-o  the  first  and  pivsfwd  close  to  it ;  the  shuttle  held  in  the  hand  was  theB 
laid  back  from  the  weaver  and  the  other  taken  up,  when  a  third  willow  was  laid  iu 
and  the  operation  repeated.  Thus  the  wire  from  each  shuttle  passed  alternately  over 
one  brush  and  under  the  next.  Whon  five  pieces  had  thns  been  woven  in,  a  close 
twist  of  about  3  inches  was  made  by  a  rapid  exchange  of  shnttles  ttom  one  hand  to 
the  other.  The  weavers  receded  from  the  start  in  straight  lines  parallel  to  each  other. 
They  were  made  on  the  ground  where  the  brush  was  cut,  and  rolled  up  in  lengths  of 
75  feet,  this  being  as  large  as  coald  be  conveniently  handled.  Seven  weavers  with  one 
helper  will  weave  15,000  square  feet  per  daj^  of  t«n  hours.  Six  of  these  rolls  were 
made  and  taken  to  the  upper  end  of  the  caving  bar  and  unrolled  on  the  water ;  they 
were  then  floated  into  position  and  linked  together  so  as  to  form  a  continuous  revetment, 
the  brush  lying  normal  to  the  shore  line.  After  the  u{>per  end  had  been  well  loadeti 
and  sunk,  it  required  very  little  additional  weight  to  bring  the  entire  length  in  contact 
wi^  the  bottom. 

On  November  11  the  river  commenced  to  rise,  and  in  a  few  da,t8  was  7  feet  over  th« 
shore  edge  of  the  revetment. 

The  work  was  visited  November  20.  The  revetment  was  intact,  but  the  high-water 
had  cut  a  bench  back  over  it  in  places  25  feet.  About  275  feet  <n  the  old  dike  across 
No.  4  had  been  entirely  washed  out.  A  strong  current  was  running  through  the  gap 
and  had  already  scoured  out  a  considerable  channel  through  the  deposit.  Instruc- 
tions were  received  to  continue  the  revetment  to  the  old  line  of  dike,  and  to  close  the 
gap  with  curtains.  Accordingly  600  feet  of  revetment  and  485  feet  of  curtain  dike  was 
put  in.  The  revetment  was  constructed  in  the  same  manner  as  that  just  described. 
The  curtains  for  the  dike  diifered  from  those  of  the  revetment  only  in  that  the  brash 
was  woven  from  6  to  10  inches  apart,  the  wire  being  twisted  between  each  bmsh- 
They  were  anchored  iu  lengths  of  75  feet,  the  height  of  the  curtain  being  the  length 
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of  the  brnsh.    The  floats  were  water-tight  boxes  1  foot  X  1  font  X  5  feet.    The  anchors 
were  crates  of  willow  filled  with  broken  rock.    This  was  the  last  work  done. 

In  December  and  early  January  chute  No.  4  was  dry ;  No.  3  was  very  shoal ;  while 
Ko.  2  was  carrying  from  65  to  70  per  cent,  of  the  water.  Soundings  showed  a  scour 
at  its  bead  of  6  to  9  feet 

Jane  17,  the  reach  was  visited  and  the  following  noted,  viz :  The  right  bank  in  front 
of  Cambridge  had  worn  back  within  a  few  feet  of  the  old  city  wharf  landing.  A 
frossing  was  made  from  the  wharf  to  the  left  bank  at  the  head  of  Harrison's  Island 
Cbute,  where  some  cutting  was  taking  place.  '  From  a  point  nearly  opposite  the  dike 
in  the  middle  bendi  the  current  divided  and  entered  two  channels ;  one  hug^ng  the 
shore  line  of  the  right  bank,  the  other  shaping  around  next  to  tbe  island.  The  two 
uniting  again  at  the  Tower  end  of  tbe  bend,  and  here  the  right  bank  was  cutting  rapidly. 
Considerable  water  was  running  in  No.  4  through  a  break  at  the  lower  end  of  the  dike. 
The  shore  protection  was  intact ;  No.  3  was  quite  shoal,  but  was  evidently  scouring  out. 
Ko.  2  was  cairying  the  most  water. 

The  gear's  work  has  afforded  opportunity  for  the  study  of  the  merits  of  individual 
weeds  m  permeable  dikes.    The  results  obtained  from  weeds  of  the  firownlow  type 
were  never  complete,  and  always  temporary.    In  a  dike  constructed  of  them  there  will 
necessarily  be  large  openings  between  the  weeds  (especially  near  the  bottom)  through 
which  water  will  flow  with  disa«trouB  effect  to  the  accretions  below.    This  action  be- 
comes more  apparent  as  the  branches  of  the  weeds  clog  up  with  rootlets  and  the  usual 
debris  of  silt-bearing  rivera.  oftentimes  producing  sufficient  scour  around  the  anchor 
to  carry  it  and  the  weed  many  feet  out  of  line.    The  continued  motion  (often  one  of 
rotation  about  the  core  as  an  axis)  causes  the  loss  of  a  number  of  weeds  by  parting 
the  connection  at  the  anchor.     If  a  float  is  defective,  or  becomes  detached,  the  weed 
to  which  it  belongs  is  lost.    A  break  in  a  dike  of  this  kind,  if  not  closed  promptly, 
will  widen. 

The  most  essential  reqnisition  of  a  permeable  dike  is,  undoubtedly,  homogeneity. 
This  has  been  nearly  realized  in  the  curtain  dike,  which  is  very  effective. 

It  is  necessary  to  provide  some  means  for  their  support  other  than  floats,  which,  if 
not  detached  bv  drift,  or  made  inett'ective  through  a  leak,  will  be  dragged  under  in 
time  by  the  pull  on  the  curtain.  A  framing  has  been  suggested  and  will,  I  think,  prove 
efiVctive. 

The  curtain  revetment  described  has  been  successful,  and  its  use  is  recommended  in 
similar  cases. 

8ince  the  survey  of  the  roach  in  November,  1878,  there  has  occurred  no  change  in  the 
re^pinen  of  the  river  which  would  necessitate  an  important  change  in  the  general 
project  for  the  Improvement  of  it,  as  submitted  to  you  by  Capt.  Thomas  H.  Handbury, 
Cor|i8  of  Engineers,  U.  S.  A.,  in  a  report  dated  January  16,  1879. 

The  proposed  shore  lines  are  shown  on  a  tracing  which  accompanies  this  report.  In 
hrief,  it  is  proposed  to  effect  a  permanent  shore  line  in  the  upper  portion  of  Cambridge 
Bend,  from  which  a  crossing  will  be  made  t-o  the  blnfl's  of  Cambridge,  when  the  cur- 
rent will  be  held  parallel  to  a  revetted  curved  shore  line,  down  to  the  point  where  a 
second  crossing  will  be  made  to  thn  blufi's  of  Glasgow. 

It  is  impossihle  to  anticipate  with  certainty  the  details  of  construction.  In  general 
terms,  permeable  works  will  be  used  to  rectify  the  shores  to  the  desired  aUgment,  when 
they  will  be  revetted  if  necessary. 

A  Long's  scraper,  or  similar  appliance,  could  be  used  to  advantage  in  such  places  as 
at  the  beads  of  Nos.  1  and  2,  where  it  is  desirable  to  deepen  the  channel  througn  gravel 
and  bowlders,  material  too  heavy  to  be  removed  by  any  ordinary  current. 

Before  closing,  I  wish  to  acknowledge  the  valuable  assistance  rendered  by  Messrs. 
James  Sanderson,  Arthur  J.  Frith,  and  others  of  my  corps  of  assistants. 
I  am,  maijor,  with  great  respect,  your  obedient  servant, 

S.  Waters  Fox, 
Aaaiatant  Engineer. 

Haj.  Cha8.  R.  8uter, 

Carps  of  Engineer 8y  U.  8.  A. 


Qs. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  LEXINGTON,  MISSOURI. 

The  Bituation  at  this  place  is  very  similar  to  many  others  on  the  river 
where  improvements  are  now  in  progress ;  that  is  to  say,  the  rapid  ero- 
Biou  of  the  left  bauk  in  the  bend  jast  above  Lexington  is  allowing  the 
whole  river  to  move  bodily  down  stream,  and  if  not  checked  will  soon 
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destroy  entirely  the  harbor  and  boat-landing  at  Lexington.  The  plan 
proposied  contemplates  the  protection  of  caving  banks  by  brash-mat- 
tress revetments,  and  the  construction  of  floating  dikes,  designed  and 
located  so  as  to  rectify  the  channel.  The  appropriation  made  by  Con- 
gress  at  its  last  session  will  be  expended  m  the  prosecution  of  this  plan. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Saint  Loais,  Mo.     The  nearest  forr  is  at  Leavenworth,  Kaus. 

Amount  of  revenne  colh-cted  at  the  port  of  Saint  Louis,  Mo.,  during  the  iscal  year 
ending  June  30  1880,  was  $1,176,009.57. 

Money  statement 

Amount  sppropriatt'd  hv  act  approved  June  14,  1880 $15, 000  00 

July  1,  188U,  aiuonnt  available  15,000  00 

Amount  (« stimated )  n^quired  for  completion  of  existing  project ii5, 000  00 

Amount  that  can  be  profitably  exi^endt^d  in  fiscal  year  ending  June  30, 18S2 .     35, 000  00 


Q  6. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  KANSAS  CITY,  MISSOURI. 

Work  at  this  point  consisted  in  repairs  of  the  floating  brush  dikes, 
constructed  earlier  in  the  season,  and  in  the  building  of  5,042  feet  of 
bank  revetment  above  the  shore  end  of  the  brush  dike.  These  works 
have  given  satisfaction,  and  will  be  continued  during  the  present  sea^o- 
The  revetment  used  was  very  cheap  and  efficient;  a  description  will  be 
found  in  the  appended  report  of  Assistant  John  W.  Nier,  who  had  charge 
of  the  work. 

Tlie  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr.    Tbe  nearest  fort  is  Leavenworth,  Kans. 

Amonnt  of  revenue  collected  at  Omaha,  Nebr.,  daring  fiscal  3'ear  ending  June  30 
18ti0,  waa  $3,605.21. 

Money  statement. 

July  1, 1879,  amount  available (23,667  53 

Amount  appropriated  by  act  approved  June  14, 18d0 25, 000  OO 

$47,667  53 

July  1,  1880,  amount  expended  daring  fiscal  year 22, 510  hi 

July  1,  1880,  amount  available 25,  iri6  96 

Amount  (estimated)  required  for  completion  of  existing  nnvjeot 37,810  OO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  37, 810  (X) 


REPORT  OF  MR.  JOHN  W.   NIER,  ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  July  5, 1880. 

Major  :  I  have  the  honor  of  submitting  the  following  report  of  operations  on  tbe 
improvement  of  the  Missouri  River  at  Kansas  City,  Mo.,  for  the  fiscal  year  endiog 
Jane  :)0,  1880.  The  work  of  the  past  season  has  been  that  of  completing  the  weed 
dike  in  process  of  construction  at  the  time  of  making  my  last  report,  and  the  revet- 
ment of  the  banks  in  Upper  Kaw  River  Bend.  At  the  conclut«ion  of  this  portion 
of  proposed  improvement,  the  entire  appropriation  made  for  this  work  was  expended 
and  operations  were  forced  to  a  close  for  the  want  of  funds.  It  is  to  be  regretted  thai 
tbe  amount  available  for  expenditure  on  this  work  was  so  small. 

The  radical  changes  that  the  Missouri  River  constantly  undergoes  makes  it  exceed- 
ingly difficult  to  locate  with  any  degree  of  permanence  any  construction,  when  the 
seanlQr  lundB  through  necessity  make  it  very  limited  in  extent.  On  every  improve- 
aieiit  of  a  special  reaeh  on  Ina  Mitsonxi  iSver,  tboM  ace  oavtoin  points  or  reaches 
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vhote  (Motection  from  the  ^nt  oommeucement  beeomee  vital  to  the  plan  or  scheme 
vpoo  which  the  eHtimates  for  the  cost  of  the  entire  wprk  is  made.  These  places  are^ 
«rr«T  beiofc  snitably  protected  a^^ainst  all  ordinary  contingencies  which  may  arisej 
«nbject  to  the  fiill  force  of  the  current  striking  them  at  anglt-s,  the  sole  ciinse  of  which 
i«  a  change  in  the  stream  bed  on  some  reach  above  which  has  been  necessarilj*  nego 
lected  thn*Dgh  a  too  limited  appropriation.  The  succeeding  appropriation  must  then 
be  mtsd,  in  part,  to  repair  damages  arising  from  Hoods  and  other  causes,  which  conld 
hive  lieen  avoided  had  the  work  been  sufficiently  extensive.  The  amonut  of  repairs 
done  because  of  the  very  limited  work  put  in  last  season  has  ]>een  hmall,  yet  it  haa 
be^'n  Riifflcient  to  reduce  the  sum  total  of  work  done  below  that  estimated  as  possible 
with  the  amonnt  available  for  such  purpose. 

The  eifect  of  the  short  weed  dike  constructed  last  year  has  been  marked.  Its  effect 
WM t'Mlir«*ct  the  current  towards  a  chute  on  the  Kansas  side  of  the  river  through 
which  during  the  June  rise  the  main  discharge  of  the  stream  took  place.  The  imme- 
diate etfect  <*f  this  shifting  of  the  current  was  the  t^nlnrgement  of  the  chute  both  by 
Moor  at>d  entsion  of  the  hanks  and  bars,  until  a  cut-off  occuried  through  a  largo  island 
bar,  when  the  stream  again  Khtf^ed  through  the  head  of  the  bar.  This  bar  was  about 
i,^H>  feet  in  length  and  lay  l>etween  the  chute  and  the  aoncave  portion  of  Lower  Raw 
River  Rend^  which  had  previously  been  the  main  channel  prior  to  the  June  rise  of 
IdTlf.  The  old  channel  in  the  lower  bend  by  these  changes  became  the  receptacle  for 
a  large  amount  of  drift  and  sediment  which  accumulated  so  rapidly  that  the  low- 
water  depth  wan  reduced  from  :)0  feet  to  10  feet,  while  it  contracted  from  1,200  feet  in 
width  to  150  feet.  What  was  the  main  channel  of  the  stream  is  now  nothing  more 
than  a  narrow  chute  separated  from  the  new  channel  by  a  large  crescent-shaped  bar. 
Had  the  June  rise  been  of  the  usual  duration  the  results  of  the  work  would  have  been 
even  more  lieneficial.  These  results,  which  are  directly  attributed  to  a  small  but  effl- 
ctent  construction,  point  to  the  feasibility  of  removing  the  river  from  Lower  Kaw 
Kiver  Bend  and  averting  the  danger  of  a  cut-off  north  of  Kansas  City  Bri<lge. 

The  Kaw  or  Kansas  River,  whom*  Junction  with  the  Missouri  is  but  1^  miles  from 
Kaw  River  Bend,  exerts  a  marked  intluence  upon  this  portion  of  the  river  During 
the  an  turner  months  it  is  liable  to  frequent  and  rapid  rises,  caused  by  heavy  local  rains 
for  which  the  locality  is  noted.  The  discharge  of  the  stream  at  such  times  is  very 
large  and  causes  a  backing  up  of  the  waters  of  the  Missouri.  An  uniuual  deposit  of 
sediment  in  the  Missouri  then  occurs,  which  in  turn  during  declining  htnges  is  again 
picked  up  and  carried  off.  Thii«  action  tends  to  add  to  thti  instabiuty  of  the  stream 
*^y  aggravating  the  erosion  of  the  banks. 

To  arrive  at  intelligent  resul  s  in  connection  with  construction  work,  frequent  sur- 
veys and  observations  on  its  effBCts  are  necessary.  These  were  made  as  often  as  desired 
a&d  consist-ed  of  two  surveys  extending  from  Qniudaro  to  Kansas  City  Bridge,  and 
rpgnlar  observations  on  cross-sections. 

Cross-section  work  was  confined  to  the  sections  laid  out  in  June,  and  a  new  set  laid 
oQt  in  tlie  same  locality,  those  laid  out  first  becoming  useless  for  further  observation 
after  the  June  ritt,  because  of  changes  in  the  channel.  A  set  of  sections  extending 
along  the  revetment  work  100  feet  apart  was  laid  out  and  sounded  once  for  future  re^ 
erence. 

The  surveys  from  the  bluffs  at  Quindaro  to  Line  Creek  Crossing  show  a  constant  re- 
cession of  the  shore  line  by  a  uniform  rate  of  cutting  of  the  banks  for  a  distance  of  2 
miles  below  the  bluffs.  This,  it  will  be  seen,  is  working  a  change  that  must  shortly 
threaten  seriously  the  success  of  any  work  put  in  Kaw  River  Bend.  A  careful  study 
of  this  portion  of  the  river  shows  the  necessity  of  confining  at  least  a  portion  of  a 
teasoo's  operations  to  stopping  the  cutting  along  these  banks  and  contracting  the 
channel  on  the  crossing  opposite  the  mouth  of  Line  Creek.  It  is  believed  that  with 
the  stopping  ol  erosion  of  the  banks  below  Quindaro  Bhifts  that  work  can  be  contin- 
Qed  mtelligently  with  assurances  of  success ;  otherwise  any  construction  in  Kaw  River 
Bend  will  in  a  measure  be  temporary  only,  so  long  as  that  part  of  the  stream  is  left  to 
take  care  of  itself. 

No  otiservations  with  a  view  of  acquiring  physical  data  in  the  hydraulics  of  the 
riv(*r  were  undertaken,  although  some  preliminarv  steps  were  taken  with  that  end  in 
view,  yet  the  limited  amount  of  available  funds  aid  not  allow  of  securing  additional 
lielp,  while  the  force  at  my  command  was  inadequate  to  the  task. 

Jo  the  month  of  June,  1879,  a  number  of  **  tree  weeds,''  with  oil  barrels  as  buoys  at- 
tached, were,  by  the  accumulation  of  drift  upon  them,  pulled  out  of  the  dike,  causing 
breaks  or  openings  through  which  the  water  rushed,  destroying  to  a  large  extent  its 
HBciency.  These  breaks  were  closed  up  by  the  employment  of  weeds  of  similar  de- 
"ign  to  ihoae  pulled  out.  Some  additional  weeds  much  larger  than  any  previously 
Q«e<l  were  placed  where  settling  or  sinking  of  the  dike  appeared  to  have  occurred.  In 
^'oly  a  violent  eddy,  evidently  cansed  by  the  shore  end  of  the  dike  being  too  solid,  cut 
*  large  semteireular  pocket  into  the  bank,  its  diameter  being  about  200  feet  and  a 
<^pth  of  water  30  feet.  The  sudden  development  of  an  eddy  of  such  nnnsnal  violence 
M  this  point  reqaived  pM>mp>t  action  to  prevent  the  desfcmotion  of  the  dike  by  cutting 
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off  its  shore  oonneotion.  This  was  effectual ly  done  by  using  a  large  number  of  tree 
weeds  which  had  been  made  for  .such  an  emergency  in  June  and  placed  upon  the  bank. 
These  weeds  were  planted  in  parallel  rows  across  The  throat  or  month  of  the  eddy 
when  the  force  of  the  current  was  broken,  and  it  silted  up  and  became  solid  in  a  few 
days. 

After  carefully  observing  the  workings  of  tree  weeds,  I  am  convinced  that  eorae- 
thing  more  homogeneous  in  its  resistance  to  the  current  can  be  used  to  accomplish  the 
results  arrived  at  in  the  employment  of  weeds  of  that  kind.  Any  suddeu  change  in 
the  direction  of  the  current  tinds  new  openings  through  which  the  water  passes,  caus- 
ing scour  around  the  anchors  and  allowing  them  to  sink  until  a  considerable  anioimt 
of  the  water  passes  over  the  top  and  not  through  the  dike  as  intended.  The  resist- 
ance to  the  current  is  therefore  lost  and  their  effect  but  slight  after  being  planted  for 
some  time  The  tendency  of  the  weeds  is  to  grailnally  work  into  a  small  compact 
roll  of  less  than -^  the  Hectional  area  they  had  when  made.  This- is  invariably  the 
case,  despite  all  care  taken  in  making  them.  A  constant  reduction  in  the  resistance 
section  of  any  dike  of  this  kind  must  therefore  be  encountered  that  in  time  mnst  cease 
to  make  it  effective.  v.:^ 

The  experience  acquired  by  the  season's  work  nn  the  continuons  woven  mattress 
shows  the  feasibility  of  continuing  a  wire  curtain  or  woven  mattress  weighted  upon 
one  edge  and  held  up  by  buoys  on  the  other  along  a  proposed  shore  line,  and  indncing 
deposit  behind  it.  The  mattress  would  then  become  a  revetment  of  the  new  shore, 
which  wouhl  be  free  from  the  spurs  or  points  found  in  revette<l  bends. 

Revetment  work  commenced  September  11  and  closed  October  22.  This  work  com- 
menced at  a  point  about  3,000  feet  below  the  month  of  Line  Creek,  and  extended  to 
the  dike,  a  distance  of  5,042  feet.  The  mattress  is  a  continuons  web  of  woven  wire  and 
brush  S^2  ft^et  wide,  extending  from  the  top  of  the  hank  to  the  bottom  of  the  river.  A» 
the  details  and  manner  of  construction  are  somewhat  different  from  other  works  upoo 
the  river,  a  description,  with  tracings  illiutrating  the  methods  employed,  is  giveu. 
The  mattress  was  built  upon  thirteen  ways  mounted  upon  a  boat  of  the  ordinary  scow 
pattern  60  feet  in  length  and  14  feet  wide,  with  a  gunwale  li  feet  deep.  The  ways 
were  supported  by  posts  resting  upon  the  gunwale  of  the  boat,  the  entire  system  of 
ways  and  posts  being  thoroughly  bolted  together.  A  sufficient  tread  way  between 
the  ways  and  deck  was  allowed  to  permit  of  the  free  passage  of  sewers  and  men  em- 
ployed upon  the  under  side  of  the  mattress.  A  platform  10  feet  wide  extending  the 
full  length  of  the  boat,  elevated  10  feet  above  the  deck,  and  even  with  the  npper  end 
of  the  ways,  was  used  by  the  carriers  and  tenders  who  delivered  the  brush  to  the 
weavers. 

The  arrangement  of  ways  and  platform  distributed  the  moving  loa^l  on  the  boat, 
and  the  suspended  mattress  on  each  side,  ^  that  listing  or  capsizing  was  avoided. 
The  method  of  mattress  constrnction  is  as  f<mbws : 

The  boat  is  taken  to  the  bead  or  commencement  of  the  work  and  held  transverse  to 
the  current,  the  shore  end  of  the  boat  being  a  few  feet  from  the  bank.  Aft^er  the  bau^ 
has  been  graded  for  a  sh<irt  distance  to  a  slope  of  from  1^  t-o  1,  the  work  of  weaving 
was  commenced  by  first  placing  several  pieces  of  straight  brush  parallel  to  «*ach  other 
upon  the  grade*!  slope.  Other  pieces  are  then  placed  at  right  angles  to  th«>se  tint 
laid  down.  The  stub  ends  of  separate  pieces  of  brush  are  then  pushed  through  the 
openings  or  meshes,  and  sprung  down  and  held  in  position  by  the  weaver  who  places 
the  succeeding  pieces  at  right  angles  t>o  this,  and  in  such  a  manner  that  the  last  piece 
being  held  in  position  securely  binds  those  first  laid  down.  This  is  accomplished  by 
alternating  the  direction  or  position  of  each  piece  of  brush  as  it  is  put  in.  As  several 
weavers  follow  each  other  acn>ss  the  mat,  care  is  taken  to  reverse  the  work  at  eveiy 
mesh.  Special  atteution  is  given  that  the  ends  are  well  pushed  under  as  each  piec«  is 
put  in,  thereby  preventing,  to  a  certain  extent,  unraveling.  The-mattress,  when  com- 
pleted, somewhat  resembles  crate- work,  except  that  twisting  is  not  resort<ed  to.  The 
finer  portions  of  the  brush  are  always  on  the  under  side  of  the  mattress,  while  the 
stems  or  trunks  form  its  upper  surface.  The  methods  employed  upon  the  boat  are  the 
same,  except  that  the  first  few  courses  are  tied  to  the  ways  with  marline  to  prevent 
their  slipping  off.  After  the  mattress  has  been  woven  for  several  feet  a  set  of  (8)  mat- 
tress hooks  are  hooked  into  it  and  the  marline  lashings  cut.  The  mattress  is  then  held 
in  position  on  the  ways  by  these  hooks,  and  is  allowed  to  slip  when  desirable.  Two 
independent  sets  of  hooks  are  omploved.  When  one  set  has  slipped  some  distance  the 
second  is  inserted  and  the  first  is  unhooked.  A  rope  10  feet  long  is  fastened  to  each 
hook,  the  end  bein^  passed  over  a  cleat  or  kevel.  This  arrangement  allows  either 
end  of  the  mat  to  slide  at  will,  so  that  the  boat  may  be  passed  around  spurs  or  pock- 
ets on  the  bank.  When  the  mattress  built  upon  the  boat  reaches  the  water's  i^go 
it  is  connected  to  that  built  upon  the  bank  by  a  woven  Joint.  This  operation  is  one 
that  requires  special  care,  in  order  that  the  Joint  will  be  as  strong  as  the  remainder 
of  the  mattress,  and  resist  the  strains  placed  upon  the  work  when  sliding  off  the  mat 
upon  the  bank  itself  occurs.  To  add  to  the  strength,  and  obviate  any  raveling  or 
fraying  out  of  the  woven  work,  wire  was  extensively  used.    The  sisee  commonly  used 
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were  Nos.  10,  12,  and  14  annealed-iroD  wire.  Seams,  both  loDgitudinally  and  trans- 
versely, were  sewed  in  the  distances  apart  varj'ing  according  to  the  locality  in  which  the 
work  was  being  pliiced.  Six  seams  of  No.  10  wire  were  carried  longitudinally  on  the 
enter  edge  of  the  mattress  2  feet  apart.  This  was  necessary,  as  at  all  times  the  heavier 
«traiu  wss  on  that  portion  of  the  work.  Throngh  the  remainder  of  the  mattiess  the 
^■Avai  were  4  feet  apart  and  of  No.  14  wire.  Transversely  the  seams  run  tifeet  apart 
ami  of  No.  12  wire.  The  tool  used  for  sewing  was  the  harpoon  shuttle  introduced  by 
As^iMt^nt  Cooley,  and  answers  admirably  the  purpose  lor  which  it  is  used.  Sewing 
upon  the  bank  was  done  by  using  a  curved  or  '*  bag-needle^'  of  round  iron. 

The  employment  of  wire  in  woven- mat  tress  work  was  considered  essential  from  the 
first  commencement  of  mattress  work.  In  woven  work,  when  coarse  and  scraggy 
brush  is  wholly  used,  no  system  of  weaving  can  be  employed  which  will  prevent  the 
uuraveling  of  the  work.  Every  turn  or  bend  that  it  receives  allows  it  to  enlarge  the 
Biesli  by  slipping  of  the  fibers  of  bruHh  over  each  other.  The  average  thickness  of  the 
mat  built  was  £om  5  to  6  inches.  When  tine,  long  brush  could  be  obtained,  thick- 
sew  was  eveu  less  than  these  dimensions  The  arrangement  of  plant  is  explained  by 
tracings.  The  method  of  sinking  is  simple,  but  requires  care  in  securing  the  head  or 
commencement  of  the  work.  Sisal  rope  is  thoroughly  woven  into  the  first  10  fe«t  of 
th()  mattress,  the  ends  being  worked  into  loops  to  which  safety  lines  were  attached. 
The  safety  lines  were  drawn  tight  and  fastened  upon  the  bank  about  200  feet  above 
the  boat.  Several  tons  of  rock  were  then  tied  on  the  mattress  causing  it  to  go  directly 
to  the  bottom  as  fast  as  allowed  to  slide  upon  the  ways.  After  about  100  feet  of  mat- 
item  was  complet'f^  the  lines  were  withdrawn  and  the  rock  simply  thrown  upon  the 
mattress  from  flat-boat^.  An  average  of  4  or  5  pounds  per  square  yard  of  mat  surface 
ia  all  the  rock  necssary  to  hold  it  in  position  except  at  the  head  of  the  work,  when  25 
or  :{0  pounds  were  used. 

Thf  progress  of  the  work  during  fine  weather  was  quite  satisfactory'.  The  labor, 
although  unskilled,  readily  learned  the  routine  of  the  work.  The  greatest  day's  work 
wan  *J2U  feet,  with  a  working  force  of  45  men.  With  a  few  changes  in  the  plant  used 
this  might  be  made  an  average  dsy's  work.  Frequent  delays  from  bad  weather  and 
*«earcity  of  men  were  encountered. 

The  removal  of  snags  along  the  bank  to  be  reveted  was  the  most  difficult  task  of 
the  season.  The  great  number  that  had  lodged  on  the  lower  half  of  the  work  formed 
•  perfect  barrier  to  further  progress  until  they  were  removed.  This  required  the  or- 
ganization of  a  sepa«t)rte  partj',  who,  being  equipped  with  a  complement  of  tools,  fiats, 
and  ropes,  succeeded,  after  considerable  trouble,  in  removing  those  near  the  shore. 
The  experiepce  acquired  in  this  portion  of  the  work  proved  conclusively  that  the  ap- 
pHauces  in  use  by  construction  parties  are  too  light  to  deal  with  such  obstnictions. 
A  Niuu Diary  of  the  work  done,  cost,  table  of  disbursements,  &;o.,  are  herewith  sub* 
mitted. 

In  connection  with  this  repoVt  1  submit  a  reduced  map  of  Kaw  River  Bend.  This 
niap  is  from  a  survey  ma<le  in  October,  and  has  located  upon  it  the  work  completed 
daring  the  past  fiscal  year  and  the  dike  built  in  June,  1879. 

A  tracing  is  also  submitted  showing  the  mattress  boat  used  in  building  the  continu- 
ous mattress. 

The  sketches,  figures  1  and  2,  represent  a  general  arrangement  of  boat  and  lines 
▼ith  the  mattress  in  process  of  construction. 

Figure  3  represents  a  sketch  of  a  section  of  bank  with  the  average  width  of  mat- 
titm  lying  upon  it,  with  the  outer  edge  in  the  deepest  wat«r  found  on  the  entire  reach. 
Figure  4,  the  mattress  hook  use<l  in  holding  the  mat. 

Figure .%  mattress  hook  in  position,  showing  method  of  keeping  the  mattress  in  place. 
In  conclusion,  I  wish  to  aokni>wledge  the  services  of  W.  H.  Byran  and  £.  C.  Shauk- 
luid,  assibtaots,  and  J.  H.  Simonds,  foreman  on  construction. 
I  am,  migor,  most  respectfully,  your  obedient  servant, 

J.  W.  NiER, 

A88i$iant  Engineer. 
Oharlkb  B.  Sutkr, 

Major  of  Engineers,  U.  8,  A, 


Q  7. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  FORT  LEAVENWORTH,  KANSAS. 

Work  at  this  place  during  the  past  season  was  confined  to  repairs  of 
old  work  and  to  the  construction  of  1,570  feet  of  new  revetment  above 
Bee  Greek  Point.  Three  hundred  feet  of  brush  dike  was  also  put  in 
opposite  the  town  of  Leavenworth.    The  appropriation  now  available 
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will  be  expended  in  extending  the  reTetment  and  in  works  of  diannel 
rectification. 

Assistant  D.  W.  Charch  had  charge  of  this  work,  with  Assistant  6.  T.  Neliis  as  local 
engineer. 

The  work  is  sitnated  in  the  collection  district  of  New  Orleans,  and  the  nearesi  port 
of  delivery  is  Omaha,  Nebr. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
1680,  was  13,605.31. 

Money  statement. 

July  1,  1879,  amount  available : |9,337  48 

Amount  appropriated  by  act  approved  June  14,  1880: 8, 000  00 

$17,337  48 

July  1,  1880,  amount  expended  duriug  fiscal  year 8,  ^i^  13 

July  1,  1880,  amount  available 8,451  3& 

Amount  (estimated)  required  for  completion  of  existing  project Js27,  OuO  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    27, 000  00 


REPOBT  OF  MR.   D.   W.   CHURCH,   ASSISTANT  ENGINEER, 

Atchison,  Kans.,  May  24,  1880. 

Major:  I  have  the  honor  to  submit  the  following  report  on  the  work  of  improving 
the  Missouri  River  in  the  vicinity  of  Fort  Leavenworth,  Kans.,  from  July  1,  1879,  to 
March  31,  1880. 

The  ifaps  and  drawings  which  properly  belong  with  this  report  have  already  been 
•nbmitted. 

The  condition  of  the  river  has  been  such  that  no  material  deviations  from  the  plan 
previously  decided  upon  have  been  necessary.  One  thousand  five  hundred  and  ser- 
enty  fe«'t  of  revetment  was  put  in  during  the  season  above  the  mouth  of  Bee  Creek, 
and  small  additions  made  to  the  weed  dike  at  the  head  of  Leavenworth  bar. 

In  my  report  for  the  fiscal  year  ending  June  30,  1879,  mention  was  made  of  the 
breaks  which  occurred  during  May  and  June,  1879,  in  the  revetment  connecting  the 
upper  and  lower  works  of  1878.  These  occurrences  were  repeated  at  intervals  during 
the  month  of  July  and  until  the  4th  of  August.  The  stage  of  the  river  at  the  time  of 
the  last  break  was  2|  feet  higher  than  that  at  which  the  first  appeared,  indicating 
that  the  attack  upon  the  revetment  was  less  severe  after  the  deep  scour  of  high- water. 

The  explanation  for  the  occurrence  of  these  breaks  offered  in  the  report  previonsly 
mentioned  was,  that  as  the  high-wat4>r  scour  extended  below  the  outer  edge  of  the 
mattresses,  the  quicksand  floiled  from  underneath  and  allowed  the  revetment  to 
settle.  While  the  above  explanation  is  thought  to  be  the  correct  one,  it  is  possible 
that  the  caves  may  have  been  caused  in  some  cases  by  underground  drainage  from  the 
adjacent  low  lands  and  lake.  In  one  instance  where  soundings  were  being  made,  ft 
great  bubbling  of  the  water  was  seen  near  shore,  and  anticipating  a  cave  the  sound- 
ing-pole was  torcud  through  the  mat  as  far  as  possible.  The  cave  which  took  place 
immediately  after  produced  no  movement  of  the  pole  or  mattress,  and  the  bottom 
was  found  to  be  solid  at  every  point  except  along  shore.  Th«4  mattress  was  every- 
where well  filled  with  sediment.  Near  shore  the  bottom  was  soft  and  the  mat  outsiae 
covered  with  earth  seemingly  from  the  bank.  Wh^n  final  repairs  were  uia«le  the 
bank  from  one  break  to  the  next  was  covervd  with  the  same  form  of  mattress  as  that 
used  where  the  caves  occurred.  It  consisted  of  two  layers  of  brush  at  right  angles  to 
each  other  bound  with  small  fascines  and  wire.  Two  flat-boats  were  placed  in  train 
along  shore  and  way  poles  laid  from  them  to  the  top  of  the  bank.  Upon  these  fasciut*^ 
were  laid  parallel  to  the  bank  and  6  teet  apart.  The  first  course  of  brush  was  laid 
perpendicular,  an<l  the  second  parallel  t«  the  river.  Fascines  were  lanl  on  top  every 
6  feet  perpendicular  to  the  river  and  bound  to  the  lower  ones  at  every  croNsing.  Th© 
wa.^s  were  then  pulled  from  under  the  mat  with  a  tackle.  The  protection  thus  made 
was  about  10  inches  thick,  and  lappeii  the  mat  below  water  about  €  feet.  The  cost 
of  this  work  ($576.85)  was  greatly  increased  by  the  irregular  manner  in  which  it  was 
done. 

Since  July  1  very  little  has  been  done  towards  closing  the  chute  on  the  Missouri 
■ide  of  Leavenworth  bar.  The  action  of  the  dike  constructe*!  in  June  (called  for  con- 
venience No.  1.),  was  closely  watched  in  onler  that  auxiliaries  might  be  put  in  to  aid 
it  if  necessary. 

As  the  higb-wj|ter  subsided  a  small  bar  made  its  appearance  abont  800  feet  below 
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Kd.  1,  with  a  strong  current  inside  preventing  its  extension  shorewards.  In  order  to 
eloae  this  channel  and  force  all  the  water  goin^  behind  the  main  bar  through  one 
entrance,  a  dike  300  feet  long,  made  of  horizontal  weedd,  was  placed  across  it. 

The  construction  of  this  dike  was  different  in  detail  from  that  of  No.  1.  Three  slim 
polee  (made  equal  to  the  length  of  weed  desired  by  splicing)  were  laid  parallel  to  each 
other,and  6or9  inches  apart,  upon  a  rack  which  held  them  about  ti^  feet  from  the  ground* 
Two  men,  one  on  each  sicle  the  poles,  working  alteniat^ely,  each  placed  his  brush 
over  the  two  poles  nearest  him  and  under  the  one  farthest  from  him,  forming  a  letter 
X  over  the  middle  pole.  Each  successive  cross  was  placed  close  to  the  preceding 
until  the  length  of  poles  had  beeu  taken  up,  when  a  fourth  pf>le  was  placed  on  top, 
and  the  four  tightly  bound  together  every  li  feet.  When  completed  there  was  a  pole 
in  fsch  of  the  uiur  external  angles  of  the  cross,  as  shown  by  the  accompanying  sketch 
of  a  transverse  section  of  weed.  This  weed  could  be  matle  of 
any  Ic-ngth  desired,  and  its  simplicity  makes  it  a  cheaper  form 
of  coustrnction  than  the  old  one  of  tying  or  nailing  brush  to  a 
bushy  Bapling.  It  was  anchored  in  the  same  manner  as  the 
horizontal  weeds  used  in  dike  No.  1. 

This  second  dike  soon  conuectt'd  the  small  bar  with  the  shore, 
&sd,  hy  chisiiig  the  channel,  caused  a  large  deposit  above.  The 
two  (likes  combined,  although  iua<lequate  to  the  work  of  com- 
pletely closing  the  main  chute,  have  acted  very  satisfactorily 
iu  extending  the  Missouri  shore.  The  blue  line  u])0u  the  map 
shows  the  low-water  shore  of  lK7d,  and  the  black  that  of  October,  1879.  It  will  b© 
M^ntbat  the  extension  of  the  Missouri  shore  has  in  some  places  reached  a  width  of 
&*0  feet.  In  September,  1879,  the  entrance  to  the  chute  was  but  200  feet  wide,  and 
had  an  average  depth  of  8  feet.  It  was  well  filled  with  snags,  and  the  current  was 
mo(lt*rate. 

The  results  obtained  from  the  small  amount  of  work  done  show  that  the  chute  can 
be  completely  closed  without  great  expense.  The  work  for  that  purpose*  could  be  put 
in  most  advantageously  in  winter  or  spring. 

About  September  1  the  lodging-houses  were  moved  to  a  suitable  point  preparatory 
to  commencing  the  revetment  above  the  mouth  of  Bee  Creek. 

In  detenu  in  mg  what  width  of  low- water  revetment  was  necessary  at  this  point 
consideration  was  taken  of  the  fact  that  at  no  season  would  the  work  be  severely 
tested.    Soundings  were  made  near  shore,  and  a  width  of  65  feet  decide<l  upon. 

The  mattresses  used  on  this  work  were  similar  to  those  ma<le  without  the  use  of  poles 
to  April  and  May,  1879,  and  described  in  my  report  for  that  year.  They  were  con- 
•tructed  upon  elevated  ways,  and  consisted  of  a  single  layer  of  brush  bound  with 
fucines.  At  first  fascines  were  used  both  on  top  and  underneath  the  mat,  but  in  con- 
•eqnence  of  their  cost  efforts  were  made  to  determine  the  minimum  number  necessary 
to  j^ive  the  requisite  strength  and  stiffness.  Accordingly,  the  number  was  gradually 
n»duced  from  twenty-four  at  the  first  to  eight  placed  10  feet  apart  on  the  lK>ttom  of  the 
mat.  The  seams,  as  in  other  cases,  were  5  feet  apart,  those  intermediate  between 
fsHcines  being  sewed  with  two  shuttles  in  such  a  manner  as  to  always  have  a  wire 
both  above  and  below  the  brush.  The  stitches  were  locked  so  that  no  slipping  would 
take  place  should  the  win^  be  broken  at  auy  point.  This  mattress  was  found  to  be  so 
flexible  that  it  could  not  be  held  in  the  current  and  properly  sunk,  but  as  unusual 
difficulties  arose  iu  floating  it  was  thought  advisable  to  construct  a  second  in  the 
Mine  manner,  so  that  the  question  might  be  fully  tested.  The  same  trouble  was  ex- 
penence«i  with  this  one  as  with  the  first,  after  which  no  experiments  were  tried,  but 
the  mattress  having  fascines  5  feet  apart  on  the  bottom  and  none  on  top  (16  in  all)  was 
adopted.  In  making  these  mattresses  particular  attention  was  paid  to  the  quantity 
ofbrasth  used,  the  arrangement  of  the  men,  and  the  method  of  sewing.  The  brush 
wtoall  laid  in  one  direction  (perpendicular  to  fasciuen),  and  had  when  bound  an  av- 
erage thickne»>s  of  (>  inches.  One  shuttle  was  used  in  sewing,  and  a  half  hitch 
taken  with  the  wire  every  r>feet,  the  shuttle  being  passed  once  through  the  mat  and 
sroand  the  fascines  between  one  hitch  and  the  next.  The  shuttles  used  were  made  of 
woo<l  and  tipped  with  steel,  as  shown  in  the  sketch.     Three  stout  poles  were  stitched  to 

the  up-stream  eilge  of  the  mattress,  around  ^_ 

which  the  three  lines  used  iu  floating  were  >^--j^^^^;^^^^^^^g^^^gg^^|-^^ 
passed.  The  down-stream  inshore  corner  ^^=^-''^^^=^^=='='=7^'''  — ^=F^^^^5i^ '-tt-:^ 
rtf  the  mat  was  frequently  pressed  with 

Xrest  force  against  the  bank  before  it  was  finally  brought  to  place.  To  stiffen  it  at 
this  point  two  poles  intersecting  at  the  corner  were  lashed  on  top.  These  were  taken 
off  SMS  ion  as  the  mattre.ss  was  in  position.  In  sinking  the  mat  the  flat-boat  was 
placed  at  right  angles  to  the  bank  over  the  up-stream  edge.  SufHcient  stone  was  then 
placiHl  along  tliis  edge  and  on  the  outside  corner  to  sink  them  well  and  prevent  the 
whole  from  moving.  From  2^  to  4  tons  (2  to  .3  cubic  yards)  was  required  to  acrx)m- 
plish  this.  Earth  was  then  wheeled  out  from  nhore  on  the  boat  and  distributed  over 
the  uial  until  the  down-stream  portion  was  firmly  placed  on  the  bottom.    The  labor 
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and  stone  for  sinking  in  this  manner  cost  14  cents  per  linear  foot  of  shore.  On  the 
"  lower"  work  of  1878,  40  feet  wide,  and  on  the  "  upper"  work  of  the  same  year,  75 
feet,  wide,  the  stone  alone  c(»si,  respectively,  IIH  and  2^  cents  per  linear  foot. 

The  banks  above  the  water  line,  which  are  couipose^l  of  a  dark  clay  approaching 
gnnibA,  with  sand  in  places,  ha4l  been  left  quite  well  sloped  by  the  last  high-water, 
and  consequently  were  en^^ily  graded.  The  slope  was  made  about  H  to  1,  and  cost 
for  grading  6  cents  per  linear  foot. 

The  high-water  protection  was  woven  after  the  method  employed  this  season  at 
other  points  on  the  river,  and  was  extend«'d  on  to  and  interwoven  with  the  mattress 
work  below  the  water  line  aH  much  as  possible,  so  as  to  make  the  two  coniinnouB. 
Inasnmch  as  no  men  were  available  who  had  ever  practiced  or  seen  this  style  of  work, 
the  progress  at  tirst  was  very  slow,  but  as  the  men  became  familiar  with  the  work 
excellent  headway  was  made.  The  brush  used  being  nrincipally  dogwood,  and  very 
coarse,  it  was  impossible  to  make  a  uniform  and  neat-looking  piece  of  work  with  it. 
After  the  receipt  of  your  letter  of  October  *iO,  1879,  directing  that  the  work  be  closed 
for  the  season,  the  high-water  protection  was  ma<le  much  thinner  in  onler  that  the 
brush  already  on  hand  might  be  sufficient  to  complete  the  revetment.  The  liability 
of  the  bank  to  severe  attack  not  beiug  great,  the  thin  upper  bank  protection  is  deemed 
sufficient.  Its  cost  was  24  cents  p<T  linear  f(H)t,  which  is  but  from  one-third  to  one- 
half  the  cost  of  that  previously  used  on  the  Leavenworth  work. 

The  total  length  of  mattress  work  below  water  was  1,570  feet,  while  that  of  the 
high-water  revetment  was  but  1,510;  the  mattress  farthest  up  stream,  which  was 
separated  from  the  rest  by  a  small  gumbo  point,  being  left  without  upper  bank  pro- 
tection. 

The  total  cost  of  the  revetment  per  linear  foot,  including  construction  of  ways, 
making  roads,  &r.,  w^as  $1.75^. 

The  surveys  made  during  the  season  were  especially  intended  to  determine  points  of 
local  interest,  such  as  the  effects  of  work  done  and  the  nature  and  effects  of  natural 
changes.  For  this  purpose  cross-section  bubs  were  located  1,000  feet  apart  from  about 
4,000  feet  below  Weston  to  the  north  line  of  Leavenworth,  and  numbered  each  way 
from  zero  at  the  bridge.  These  sections  were  sounded  in  July,  September,  and  Octo- 
ber, each  sounding  being  located. 

Levels  were  run  and  carefully  checked  over  this  portion  of  the  river  with  benches 
every  2,000  feet,  at  which  points  the  slope  was  taken  when  the  sections  were  soundest. 
The  levels  were  connected  with  the  benches  of  the  Kansas  City,  Saint  Joseph  and 
Council  Bluffs  Railroad,  and  referred  to  the  same  datum. 

At  the  clone  of  the  work  in  October  a  complete  low-water  survey  was  made  from 
the  mouth  of  Kickapoo  Slough  to  lower  end  of  Leavenworth  h%r  near  Eaat  Leaven- 
worth, and  from  this  survey  all  shore  and  channel  bars  shown  on  the  map  in  full  black 
lines  have  been  platted.  Numerous  minor  surveys  were  made  in  the  vicinity  of  the 
brush  dikes.  The  seeti<mal  soundings  were  platted  on  stiff'  paper  to  a  horizontal  scale 
of  100  feet  to  the  inch,  and  the  portions  Ijelow  4  feet  on  the  Fort  Leavenworth  gange 
can»fully  cut  out  and  balanced  ui>on  the  point  of  a  needle  to'detennine  their  centers 
of  figure.  The  centers  were  then  platted  upon  th«^  map,  and  those  corresfionding  to 
the  same  survey  connected  by  lines.  It  was  intended  tti  show  by  the  diff'erent  posi- 
tions of  these  lines  what  horizontal  movement  took  place  in  the  deepest  portions  of 
the  bed  between  high  and  low  water,  also  what  changes  were  eff*eetea  by  the  cutting 
away  of  Bee  Creek  Point  or  any  other  eroding  bank.  These  line**,  instead  of  giving 
directly  the  position  and  direction  of  strongest  current,  indicate  merely  its  general 
eflTect,  and  may  be  situated  at  point*  where  the  water  is  shoal  with  a  channel  on  either 
side*. 

It  will  be  seen  from  the  line  of  July  26,  when  the  Fort  Leavenworth  gauge  read  12.t6 
feet,  that  during  high  stages  the  stream  does  not  enter  the  sharp  curve  in  the  shore 
line  above  Bee  Creek,  and  that  after  passinc:  ^  17  the  deeper  portion  of  the  channel 
bears  away  from  the  left  bank.  Below  the  nridge  the  high-water  line  is  nearer  the 
Missouri  shore  than  those  of  lower  stages,  and  as  the  river  falls  there  is  a  slight  move- 
ment towards  the  right  bank.  The  line  corresponding  to  surveys  of  October  27,  when 
the  gauge  read  4.35  feet,  follows  more  uniformly  the  curve  of  the  shore  line  below  the 
root  than  any  of  former  surveys,  which  I  think  may  be  attribut«d  to  the  cutting  at 
Bee  Creek  and  the  corresponding  lengthening  of  the  lower  bend.  No  changes  at  pres- 
ent noticeable  below  the  bridge  can  i>e  reasonably  attribut<ed  to  the  receasion  of  Bee 
Creek  Point. 

The  points  of  greatest  variation  between  lines  corresponding  to  different  stages  are 
located  one -a  short  diHtance  below  the  root  and  the  other  opposite  the  month  of  Kick- 
apoo  Slough.  The  former  is  principally  due  to  the  sharpness  of  the  bend,  and  will 
probably  cease  when  the  proposed  ahore  line  above  that  point  is  reached.  The  differ- 
ences at  Kickapoo  Slough  are  due  to  the  fact  that  at  high- water  the  jj^reater  portion  of 
the  stream  passes  on  the  Kansas  side  of  the  Weston  Island,  while  m  low>water  this 
channel  Is  nearly  closed.  In  a  perfectly  stable  river  the  center  of  the  low-water  por- 
tion of  cross-sections  would  correspond  at  all  stages,  and  the  variations  between  them 
show  the  points  where  rectification  is  necessary. 
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Tbeslopeit  plotted  on  the  map  are  those  taken  August  29,  1878,  December  2,  187R, 
Jnly  28,  1879,  and  November  1,  1879.  It  will  be  seen  that  the  slope  of  the  river  in  its 
passsf^e  from  the  Missouri  to  the  Kansas  bluffs  is  much  greater  than  it  is  either  above 
or  below,  where  in  both  cases  it  tlows  aloiiK  the  blufi'  in  a  path  nearly  straight.  Some 
of  the  causes  which  tend  to  InoreaAe  the  slope  in  the  bend  are,  first,  the  greater  fric- 
tional  surface  presented  in  the  wide  crossing ;  second,  the  energy  eipended  in  under- 
miniug  and  carrying  away  caving  bankn;  third,  the  energy  expended  in  excavJating 
(baonels  rendered  necessary  by  changes  in  direction  of  current,  tl)e  latter  being  causea 
by  new  shore  lines  along  en>diug  banks  and  by  diftercnces  in  stages;  and,  fourth,  the 
rt«iHtance  due  to  the  sharp  bend  at  the  fort  and  smaller  bends  above.  The  fint  three 
nientioiied  causes  of  increased  slope  will,  it  is  believed,  be  greatly  reduced  with  the 
completion  of  the  present  project  aud  the  building  up  of  shore  bars  alK)ve  the  plane  of 
ovf rdow.  It  will  De  seen  that  both  the  high  and  low  water  slopes  of  1879  are  more 
tmiform  than  those  of  1878.  This  would  necessarily  follow  the  protection  of  banks  and 
reduction  of  shore  line  curvature  to  uniformity. 

As  the  project  for  future  operations  now  stands,  it  contemplates  the  extension  of  the 
rev(*tments  above  and  below  Bee  Creek  as  fast  as  the  proposed  shore  line  between 
tbem  is  reached,  and  the  extension  of  the  uppe.r  revetment  to  the  blufls.  It  also  in- 
duden  the  closing  of  the  chute  behind  Leavenworth  Bar. 

Attention  can  now  be  given  to  some  of  the  improvements  which  are  not  immediately 
Inquired  for  safety,  such  as  the  narrowing  of  the  stream  until  the  most  advantageoua 
CT088-section  is  obtained,  and  the  raising  of  shore  bars  above  the  plane  of  overflow. 
Tbis  should  especially  be  done  in  the  large  bend  above  the  fort  and  from  the  bridge  to 
tbe  north  line  of  Leavenworth  City.  The  agencies  to  be  at  first  employed  for  thia 
porpose  are  brush  fences,  and  after  portions  of  i  he  bar  have  been  raised  above  over- 
flow willows  should  be  planted  at  every  point  where  their  growth  is  possible.  Brush 
fences  put  iu  late  in  the  fall  should  be  made  of  willow,  as  tliey  may  accumulate  suffi- 
cient earth  before  spring  to  allow  the  willows  to  grow.  ' 

Attention  must  soon  be  paid  to  the  condition  of  the  river  above  Weston.  The  right 
bsnk,  throughout  the  crossing  from  Kickapoo  Station  to  Weston,  is  being  rapidly  cut 
*vay,  aud  changes  are  taking  place  which  must  sooner  or  later  iiffect  the  work  below. 
Owiug  to  incompleteness  of  surveys,  the  necessary  work  cannot  be  outlined  at  present, 
bat  t|ie  closing  of  one  of  the  channels  passing  the  Weston  Island  shimld  be  incliidea 
in  the  plan  of  improvement.  Should  thf  Kansas  channel  be  closed,  the  right  bank  of 
the  river  in  the  vicinity  of  Kickapoo  Siongh  w»>uld  need  protecting. 

During  the  past  season  brush  has  been  economized  to  quite  an  extent  by  a  reduc- 
tion in  the  thickness  of  mats,  but  the  saving  has  not  been  as  much  as  was  expected, 
on  account  of  the  greater  compactness  of  the  thin  mattresse-s.  As  there  scf^ms  to  be 
no  case  yet  known  where  failure  has  n»8ulted  from  scour  through  a  well-constructed 
mattress,  the  thickness  may  still  be  reduced  with  safety,  and  the  brush  more  openly 
laid. 

In  the  accompanying  financial  statement  the  price  of  stone  given  is  that  of  total 
cost  delivered  where  used.  None  was  purchased  during  the  MeaHon,  as  there  was  more 
thau  a  sufficient  quantity  on  baud.  Tbert^  was  no  expense  for  brush,  except  for  cut- 
ting and  delivering.  That  used  on  the  Bee  Creek  revetment  was  hauled  a  distance  of 
H  or  5  miles. 

The  tabulated  results  of  soundings  made  in  1879,  slope  measurements  of  1878  and 

1^79,  and  ilischarge  measurements  of  1878  are  respectfully  submitted  with  this  report. 

I  have  been  ably  assisted  in  j)rosecuting  the  work  of  the  past  season  by  Assistant 

Engineers  G.  T.  NelliB  and  A.  P.  Dyke;  Mr.  Nellis  being  in  charge  of  construction 

work»  and  all  pertaining  thereto,  an«l  Mr.  Dyke  in  charge  of  surveys. 

I  have  the  honor,  major,  to  be,  very  respectfully,  your  obedient  servant, 

I).  W.  Chukch, 
Aaaittant  Engineer. 
Crakl£8  R.  Sutrr, 

Major  of  EnffineerSy  U,  «S.  A, 


Q  8.  • 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  ATCHISON,  KANSAS. 

Work  at  this  locality  was  confined  to  repairs  of  old  work,  and  to  ex- 
tending np  stream  the  revetment  of  the  left  bank  of  the  river  above 
AtchlHon.  Of  this  new  work  2,572  feet  was  completed,  and  is  now  in 
&ir  condition.    Daring  the  present  season  it  is  proposed  to  continue 
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this  work.    Assistant  D.  W.  Ghnrch  hsd  charge  of  the  work,  with  As- 
sistant 6.  E.  Fritcher  in  local  charge. 

Interesting  details  concerning  the  method  of  mattress  constructioQ 
used  will  be  found  in  Assistant  Churches  report  herewith  appended. 

The  work  is  sitaated  in  the  collection  district  of  New  Orleans,  and  the  nearest  por« 
•f  delivery  is  Omaha,  Nebr. 

The  neareHt  fort  is  at  Learen worth,  Kans. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  90, 
18tiO,  wjw  33,605.21. 

Money  statement. 

July  1, 1879,  amount  available $17,590  74 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

♦:<7,590  74 

July  1,  1880,  amount  expended  during  fiscal  year 17, 586  33 

July  1,  1880,  amount  available. ....     20,004  42 

Amount  (estimatt>d)  required  for  completion  of  existing  project 60, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     60,  000  00 
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Atchison,  Kans.,  July  20,  1880. 

Major:  I  have  the  honor  to  submit  the  following  report  of  tlie  work  of  improving 
the  Missouri  River  at  Atchison,  Kans.,  during  the  fiscal  year  ending  June  30,  1880. 

A  map  of  the  reach  and  other  <lrawiugs  pertaining  to  this  report  have  already 
been  informally  submitted.  A  drawing  of  mattress-boat  and  four  pnotographic  viewt 
thereof  are  herewith  submitted.  • 

The  season's  operations  were  confined  to  the  construction  of  revetment  at  McQueen's 
Bend,  the  object  being  to  hold  the  deeper  portion  of  the  bend  and  allow  the  point  at 
its  lower  end  to  recede. 

Two  thousand  five  hundred  and  seventy-two  linear  feet  of  mattress  work  were  put 
in^  of  which  812  feet  were  continuous,  and  1,760  feet  were  made  in  separate  xuata  ex- 
tending 60  feet  along  shore. 

The  latter  was  in  process  of  construction  at  the  beginning  of  the  year,  and  with 
the  exception  of  490  feet  of  repairs,  which  will  be  hereinafter  described,  was  all  made 
according  to  the  mtsthod  then  in  use,  for  a  description  of  which  1  beg  to  refer  you  to 
my  report  for  the  fiscal  year  ending  June  30,  1K79. 

From  July  1  to  15  there  was  a  constant  caving  of  the  bank  in  the  vicinity  of  the 
ways,  rendering  frequent  repairs  necessary  and  greatly  retanling  the  work. 

On  the  night  of  July  15  there  was  a  severe  wind  storm,  which  drove  the  wavea  di- 
rectly against  the  shore.  No  up|)er-bank  protection  had  been  put  up  to  that  time, 
and  the  stage  of  the  river  was  such  that  the  mats  did  not  extend  above  the  water's 
edge.  There  was,  therefore,  very  little  to  resist  surface  action,  and  the  waves  waahing 
over  the  mats  caved  the  bank  inside. 

The  shore  portiou  of  the  revetment  was  settled  by  the  weight  of  the  bank  that 
•aved  upon  it,  and  no  longer  protected  the  shore  from  current  action,  which,  together 
with  the  waves,  carried  the  shore  line  back  about  15  feet  throughonc  the  whole  extent 
of  the  work. 

The  ways  were  almt>st  entirely  destroyed,  and  const^quently  the  revetment  could 
not  be  immediately  repaired. 

By  the  time  temporary  ways  were  finished  the  inshore  edge  of  the  revetment  -was 
from  25  to  35  feet  from  shore.  This  intecveuinif  space  was  covered  with  mattresses 
which  varied  in  width  from  40  to  48  feet  according  to  the  width  of  unprotected  bank, 
thus  providing  for  a  lap  of  at  least  10  feet  on  the  former  work. 

These  mattresses  were  made  similar  to  those  used  on  the  Leavenworth  improve- 
ments during  the  winter  of  1878-79,  the  lower  frame  being  of  cotton- wood  poles  aud 
the  upper  of  fascines  with  wire  bindings  at  every  intersection.  Tlie  thickness  ^ivhen 
bound  was  from  10  to  12  inches,  and  length  along  shore  60  feet.  The  work  of  protect* 
ing  the  high-wat4»r  bank  followed  the  mattresn  work  as  closely  as  possible.  The  form 
of  mat  used  for  this  puqiose  was  exactly  similar  to  the  low-water  work,  with  the  ex- 
ception that  fascines  instead  of  poles  were  used  t<o  give  the  necessary  strength  in  a 
direction  perpendicular  to  the  shore  line.  The  upper-bank  pfoteotion  overlapp«*<l  the 
low-water  work  about  6  feet,  and  waa  weighted  with  alone  along  the  lap.    The  re- 
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maindor  wtu  held  down  by  stakflA  driven  from  3  to  7  feet  in  the  ground  and  wired,  to 
the  fftscinea.    These  repairs  extended  over  490  linear  feet  of  shore. 

The  contiuned  caving  of  the  banks  in  the  vicinity  of  the  work  pointed  out  the  iaoit 
that  there  was  no  point  within  suitable  distance  where  ways  could  with  certainty 
be  maintained,  and  the  construction  of  some  form  of  boat  upon  which  mats  could  be 
made  without  the  interference  of  caving  banks  became  a  necessity.  A  plan  for  a 
boat  was  immediately  submittcKi  to  you,  and  received  your  approval.  The  construc- 
tion of  this  boat— a  description  of  which  will  appear  farther  on — was  proceeded  with 
at  once. 

The  safety  of  the  work  already  in  demanded  that  operations  be  continued  until  the 
boat  was  readv  for  use,  or  at  least  until  there  should  be  less  cavius  above  the  revets 
meut.  Therefore,  after  the  work  washed  out  by  the  storm  had  been  replaced,  the 
rwetmeut  was  continued  from  elevated  ways  the  same  as  at  fii*st,  and  the  upper  bank 
protection  carried  along  with  it. 

On  SeptemlKjr  5  there  ha<l  been  put  in  1,760  linear  feet  of  revetment,  and  it  was 
then  thought  safe  to  stop  the  work  until  the  boat  was  ready  for  use. 

The  cost  of  this  work  was  for  low-water  revetment  ^.'^itWa  j  for  grading  bank,  |0.iU ; 
ami  for  high- water  revetment  $0.S7i'\)  per  linear  foot;  that  done  previous  to  July  1  is 
not  considenMl,  as  it  was  necessary  to  put  in  new  mats  throughout  when  the  washout 
occurred. 

The  mattress-boat  consisted  of  two  barges  placed  parallel  with  each  other  and  con- 
neiU'd  by  a  rigid  frame-work  which  supporttMi  the  ways.  The  distance  between  the 
two  adjacent  gunwales  was  16  feet  and  9  inches.  When  in  use  the  barges  were  per- 
pendicular to  ihe  current,  the  ways  rising  from  the  up-stretun  gunwale  at  an  angle  of 
ItJi  degrees  with  the  horizontal.  The  barge  at  the  foot  of  the  ways  was  12  feet  wide 
aud  the  (>ther  10  feet,  the  length  of  each  being  75  feet,  and  the  depth  3  feet.  The  way 
pitH'CH  were  5  feet  apart  and  16  in  number,  making  a  tot^il  width  of  75  feet.  Six  lines 
10  feet  apart  passing  over  pullies  at  the  head  of  the  ways  were  used  in  holding  the 
mat  to  the  boat.    The  cost  of  the  mattress- boat  complete  was  $1,121.79. 

In  constructing  the  continuous  mattress  the  boat  was  placed  perpendicular  to  the 
rtinre  at  the  head  of  the  proposed  revetment  with  the  foot  of  the  ways  up  stream.  As 
thb  mattress  work  proceeded  the  boat  was  moved  trom  under  it  down  stream,  the  cur- 
rout  sinking  the  mat  as  it  was  slid  from  the  boat. 

The  brush  was  laid  directly  on  the  ways  with  tops  toward  the  center  of  the  streanu 
At  tirst  the  space  between  the  two  way  poles  farthest  from  shore  was  covered  with 
brush ;  the  next  space  was  then  covered,  and  a  good  lap  made  on  the  brush  tirst  laid. 
This  was  continued  until  the  ways  were  completely  covered.  There  was  a  lapping  of 
the  brush,  therefore,  at  every  way-pole.  In  binding,  a  seam  which  included  all  the  over- 
lapping brush  was  sewed  along  each  way-pole.  The  stitch  used  in  sewing  was  not  a 
perfect  lock-stitch,  but  was  such  that  no  loosening  of  the  brush  would  occur  farther 
than  one  stitch  away  from  the  point  where  a  wire  was  broken.  Two  shuttles  were 
Q»ed  in  making  it,  there  being  a  wire  both  over  and  under  the  brush.  The  length  of 
Btitch  was  about  30  inches.  The  shuttles  were  put  through  the  mat  from  opposite  sidea 
at  the  same  time,  and  about  8  inches  apart,  so  that  a  (]uantity  of  brush  might  be  in- 
claded  between  the  wires.  As  the  point  of  each  shuttle  appeared  through  the  mat 
the  wire  attached  to  the  other  was  placed  over  i<  and  the  shuttles  pulled  through. 
No.  12  wire  was  used  at  first,  but  as  it  broke  occasionally  when  drawn  too  tight  it  was 
found  necessary  to  use  No.  10  instead,  after  which  no  wires  were  broken. 

The  six  lines  on  the  boat  were  always  attached  to  the  mat,  except  when  their  fasten- 
ings were  being  changed  from  the  foot  to  the  head  of  the  ways,  at  which  time  auxiliary 
lines  were  used  t^  prevent  the  current  from  drawing  the  mat  from  the  ways.  The 
boat  was  held  in  fiositiou  by  lines  which  extended  from  its  outer  end  to  the  sliore 
both  above  and  below.  At  each  time  of  moving  :^  linear  feet  of  mattress  were  slid 
from  the  boat,  and  ab  lut  8  wen^  left  on  the  wavM.  On  account  of  friction  against  the 
bank  it  was  usually  necessary  to  employ  a  tackle  iu  moving  the  boat.  To  provide 
against  the  possibility  of  the  maUress  being  rolled  up  by  the  current  it  was  well 
weighted  with  stone  at  its  up-stream  end,  and  over  the  remainder  of  the  revetment 
there  was  distributed  about  9  cubic  yards  of  stone  for  100  linear  feet.  The  nuittresa 
thus  made  was  6  inches  thick  when  bound  and  75  feet  wide.  It  extended  above  the 
vater  line  alnmt  4  feet.  Great  flexibility  was  secured  in  all  directions,  and  the  mat- 
tress -vas  compact  and  strong.  Only  H12  linear  feet  of  this  form  of  protection  waa 
nade  before  the  work  closed  for  the  season.  The  cost  was  $1.72{V))  per  linear  foot. 
This  piece  can  hardly  bn  taken  as  a  fair  ti*«t  of  the  method.  The  short  duration  of 
the  work  did  not  allow  of  the  a<loption  of  certain  improvements  iti  the  boat  which 
were  seen  to  Im  advisable^  or  of  the  careful  systemizatiou  of  the  labor. 

Unusual  difficulties  were  also  encountered  in  procuring  suppi  ies.  During  the  tweut  v« 
leveu  days  that  the  work  was  in  progress  there  were  only  sixteen  in  which  the  roads 
were  at  all  passable,  and  the  greater  part  of  that  time  only  partial  loads  of  brush 
^ald  be  hauled.  This  irregularity  in  the  supply  of  brush  greatly  increased  the  cost 
of  the  work.    The  upper-bank  protection  along  the  continuous  mattress  was  made 
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like  the  woven  revetment  constructed  by  assistant  Samuel  H.  Tongue  at  Yermillion, 
Dak.  It  was  woven  into  the  low-water  revetment,  and  extended  up  the  bank  tobigh- 
water  mark.  The  cost  per  linear  foot  was  34 1^  cents.  The  grading  of  the  bank  cost 
28i^  cents  per  linear  foot. 

Funds  were  not  available  at  the  close  of  the  work  for  making  a  root,  and  as  a  partial 
substitute  the  bank  was  graded  very  flat  for  a  distance  of  about  100  feet  at  the  head 
of  th«  revetment,  and  the  high- water  protection  carried  to  the  top  of  the  grade.  This 
part  of  the  woven  work  was  strengtheneii  by  sewing  with  wire.  Stone  was  distributed 
over  the  surface  and  wire<l  to  the  brush. 

During  a  slight  rise  in  the  river  in  November,  1879,  a  break  appeared  in  the  revet- 
ment near  the  upper  end  of  the  490  feet  washed  out  July  15.  About  300  feet  of  the 
repaired  work  was  soon  taken  in,  and  the  bank  then  remained  stable  until  the  April 
rise  of  1880,  when  the  break  was  again  enlarged.  This  break  occurring  at  a  compara- 
tively low  stage  of  the  river  indicated  that  there  was  a  serious  imperfection  in  the 
revetment.  An  examination  showed  that  there  waa  an  oi>ening  between  the  mat- 
tresses washed  out  in  July  and  the  one  placed  between  them  and  the  shore.  It  is 
probable  that  after  the  washout  in  July  the  low-water  bank  did  not  immediately 
take  a  natural  slope,  as  the  material  under  the  mats  was  not  entirely  removed. 

The  tendency  to  form  a  natural  slope  after  the  narrow  mats  were  placed  probably 
slid  the  outer  mats,  and  thus  caused  the  opening.  Owing  to  lack  of  funds  nothing 
has  been  done  to  repair  this  break,  and  it  now  extends  over  about  900  feet  of  shore. 

The  surveys  of  the  season  consisted  of  shore  line  location,  and  of  slope  and  cposs- 
section  measurements.  Sections  1,000  feet  apart  extending  over  the  reach  from 
^  661  to  /^  679,  a  distance  of  7  miles,  were  twice  sounded.  The  slope  throughout  the 
same  distance  was  taken  at  points  2,000  feet  apart  at  the  time  of  sounding  sections. 
A  shore  survey  was  made  in  August  at  McQueen's  Bend  to  determine  the  proper  down- 
stream limit  for  the  revetment,  and  in  October  a  complete  low-water  survey  was 
made  extending  over  the  whole  reach  covered  by  slope  measurement. 

The  map  referred  to  in  this  report  was  made  from  the  not«s  of  the  August  and  Octo- 
ber surveys  in  connection  with  those  t-aken  by  the  Missouri  River  survey  party.  On 
this  map  are  platted  the  centers  of  iigures  of  low-water  cross-section  areas,  those  of 
the  same  survey  being  connected  by  dotted  lines.  It  will  be  seen  from  these  lines 
that  since  the  surveys  of  1878  the  channel  immediately  below  McQueen's  Bend  has 
left  the  Missouri  shore  and  ina<le  a  crossing  to  the  right  bank.  In  its  return  to  the 
left  bank  the  channel  approaches  the  revetment  of  1878  about  2,000  feet  below  its 
upper  end.  This  return  crossing  moves  down  stream  as  the  island  on  the  right  bank 
is  cut  away,  and  at  the  present  date  the  shore  line  has  receded  far  enough  to  allow  a 
considerable  percentage  of  the  stream  to  follow  the  right  bank  until  after  passing  the 
bridge.  This  change  of  channel  is  of  the  greatest  importance,  as  it  bids  fair  to  efl'ect 
within  a  year  the  desired  rectiiication  of  channel  at  and  above  the  bridge.  Where 
the  change  of  channel  is  greatest  the  slope  of  the  river  has  been  increased  since  1878, 
and  as  this  is  probably  due  to  the  energy  expended  in  excavating  the  new  bed  it 
may  be  argued  that  after  the  complete  rectiticatiou  is  made  and  further  changes  are 
prevented,  there  will  be  an  equal  if  not  a  greater  decrease  in  slope. 

In  January,  1880,  a  continuous  bar  exitended  from  directly  below  McQueen's  Bend 
to  about  1,000  feet  below  the  head  of  the  1878  revetment,  and  after  the  present  high 
water  is  past  it  will  undoubtedly  be  much  larger.  This  bar  should  be  built  up  and 
extended  by  means  of  sand  fences  and  dikes,  in  order  that  the  natui*al  t^^ndencies  may 
be  aided  as  much  as  possibl**.  Owin^  to  the  break  at  McQueen's  Bend  and  the  ero- 
sion above  the  revetment  any  discussion  of  future  operations  is  thought  to  be  usc^less, 
as  all  consideration  of  the  subject  must  be  based  on  the  condition  in  which  the  shore 
line  is  left  by  the  preseiit  high-water.  It  is  thought,  however,  that  on  account  of  the 
favorable  changes  now  taking  place  above  the  bridge  the  plan  heretofore  followed 
should  be  adhered  to  if  possible. 

In  future  operations  with  the  mattress-boat,  I  would  respectfully  recommend  that 
the  ways  be  extended  at  the  shore  end  of  the  boat  by  means  of  a  jointe<l  platform,  so 
that  the  mattress  may  be  made  continuous  to  the  top  of  the  bank.  The  connections 
with  the  boat  should  be  sufficiently  strong  to  allow  of  a  tackle  being  attached  to  the 
extreme  shore  end  of  the  platform  and  a  horse  employed  in  movins  the  boat.  The 
walking  planks  on  the  ways  should  be  placed  lower  than  they  have  oeen  thus  far,  to 
avoid  any  friction  of  the  brush  against  them. 

The  brush  used  on  the  work  was  principally  dogwoo<l;  797^  cords  were  purchased, 
delivered  on  the  river  bank  at  8.5  cents  per  cord. 

After  boating  a  distance  of  two  miles  it  cost,  delivered  at  the  works,  $1.16^  per 
cord;  1,476  coras  were  cut  and  delivered  by  hired  labor,  there  being  no  expense  for 
the  standing  brush ;  it  was  hauled  a  distance  of  6  miles  and  cost  $1.26  per  cord ;  77^ 
cords  of  willow  brush  were  used  on  upper-bank  protection;  it  was  procured  from 
various  sources,  the  cost  of  cutting  ana  delivering  being  |1.54  per  cord.  The  stone 
was  taken  from  that  purchased  in  1878  and  not  expended.    The  price  given  in  the 


<S««vv.ii.eit;. 


d 


:- -     .    ' 


^mf 


IND   riC/AT/OAf. 


% 

I 


r; 


• 


S^aiai. 


Seclien  of 


APPENDIX   Q,  1421 

foUowinjif  financial  statement  is  the  original  cost  added  to  the  cost  of  delivery  at  the 
reTetmeot. 

Tables  of  the  slope  an  section  measiiremente  made  in  1878,  under  the  snper- 

Tision  of  Assistant  C.  B.  Davis,  and  those  made  in  1879,  are  respectfully^  submitted 
with  this  re(K>rt. 

I  am  indebted  to  Capt.  D.  W.  Wellmau,  assistant  engineer,  for  notes  of  Missouri  River 
•arvey  extending  over  that  postion  of  the  reach  between  A  638  and  A  660 ;  the  lat- 
ter point  being  the  upstream  limit  of  surveys  made  in  connection  with  the  work. 

I  wish  also  to  acknowledge  the  able  assistance  of  Messrs.  G.  £.  Fritcher  and  A.  P. 
Dyke;  Assistant  Fritcher  being  in  local  charge  of  construction,  and  Assistant  Dyke  in 
charge  of  surveys. 

I  have  the  honor  to  be,  major,  very  respectfully,  your  obedient  servant, 

D.  W.  Church, 
*  Assistant  Engines. 

Maj.  Chas.  R.  Suter, 

Chirps  of  Engineers,  U,  S,  A, 


Q  9- 

IMPROVEMENT  OF    THE    MISSOURI    RIVER    OPPOSITE    SAINT    JOSEPH, 

MISSOURI. 

In  my  last  report  it  was  stated  that  in  continuation  of  the  work  then 
in  progress  it  was  proposed  to  cut  down  the  old  dikes  opposite  the  city, 
and  to  revet  a  portion  of  the  left  bank  above  the  railroad  bridge.  Atten- 
tion was  also  called  to  the  necessity  of  extending  the  work  up  stream 
to  guard  against  the  effects  of  an  apprehended  cutoff  at  Amazonia. 
This  cut-off  has  since  taken  place,  but  the  effects  are  not  yet  fully  devel- 
oped. Work  was  carried  on  in  accordance  with  the  plan  proposed,  and 
2,000  feet  of  revetment  successfully  constructed  on  the  left  bank  above 
the  railroad  bridge. 

During  the  present  season  it  is  proposed  to  extend  the  works  to  the 
upper  side  of  the  French  Bottom,  to  remove  the  old  dikes,  and  begin  the 
channel  rectification. 

All  the  work  has  stood  very  well.  Assistant  D.  W.  Church  had  charge 
of  the  work,  Assistant  D.  F.  Pruyne  being  in  local  charge. 

The  work  is  situated  in  tlie  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr. 

The  nearent  fort  is  at  Leavenworth.  Kans. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
1880,  was  ♦3,605.21. 

Money  statement. 

July  1,  1879,  amount  available $10,068  66 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$30,068  66 

July  1,  1880,  amount  exx>ended  during  fiscal  year 8, 913  05 

JalY  1,  1880,  amount  available 21. 155  61 

Amount  (estimated)  required  for  completion  of  existing  project 64, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    64, 000  00 


REPORT  OF  MR.  D.   W.   CHURCH,   ASSISTANT  ENGINEER. 

Atchison,  Kans.,  August  2,  1880. 

Major  :  I  have  the  hoaor  to  submit  the  following  report  on  the  work  carried  on 
under  my  charge  in  the  vicinity  of  Saint  Joseph,  Mo.,  during  the  fiscal  year  ending 
June  30,  1880. 

The  water  front  of  the  city  of  Saint  Joseph  has  been  subject  to  erosion  from  time 
to  time  thionghqnt  its  whole  extent,  and  large  sums  of  money  have  been  expended 
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by  the  KansM  City,  Saint  Joseph  and  Conncil  BlnflT  Railroad  Company  in  Woita  of 
protection.  This  protection,  which  consisted  of  short>  spur-dikes  together  with  a 
iieavy  riprap  on  the  intervening  bank,  extended  to  within  2,0*24  feet  of  the  east  aliut- 
ment  of  the  Saint  Joseph  bridge.  The  latter  section  of  shore  was  receding  each  year, 
and  it  was  proposed  in  the  place  of  the  season's  operations  to  v^otect  it  with  a  brush 
revetment. 

The  banks  at  low-wat<er  are  about  25  feet  high,  and  composed  of  very  hard  clay.  It 
was  learned,  iVom  borings  previously  made  in  the  vicinity,  that  this  clay  ertends  about 
16  Iteet  below  low- water.  It  is  nuderlaid  by  8  feet  of  quicksand,  below  which  there  is 
clay,  sand,  gravel,  and  bowlders  to  be<l-rock.  The  clay  of  the  upper  stratnra  is  snffi'- 
ciently  teuaciouM  to  almost  entirely  resist  the  action  of  flowing  water  at  any  velocity 
acquired  by  the  Missouri  River,  audio  itself  required  un  protection;  it  was  only  neces- 
sary to  prevent  the  scouring  out  of  the  quicksand  layer. 

As  a  result  of  sonndingA  the  width  of  revetment  decided  upon  was  70  feet,  measur- 
ing from  the  water's  edge,  no  high- water  revetment  being  deemed  ueoeesary. 

Lf>cal  obstructions  along  shore  were  such  as  to  interfere  with  making  the  revetment 
in  sections  on  the  bank  and  floating  it  to  place,  and  the  other  usual  alternative,  that 
of  constructing  it  on  a  boat,  could  not  well  be  adopted  aa  there  wae  neirher  a  ani table 
boat  on  the  work  or  money  which  could  be  sjiared  for  building  one ;  as  a  substitute 
a  floating  platform  was  devised,  the  cost  of  which  was  about  the  same  aa  a  set  of  fixed 
ways  on  shore,  and  which  could  be  used  in  the  same  manner  as  a  boat  for  cou^t  meting 
a  continuous  mattress. 

The  form  of  revetment  adopted  was  the  woven  mat,  introduced  by  Samuel  H.  Yonge, 
assistant  engineer  at  Vermillion,  Dak.,  and  the  float  was  designed  for  that  pur)MMiie. 
Its  use  iri  not,  however,  restricted  to  that  particular  me  hod.  A  drawiug  of  the  float 
as  Anally  used  accompanies  this  report.  It  was  60  feet  long  and  12  feet  and  H  inches 
wide.  Ranged  across  under  the  platform  every  5  feet  were  box  floats,  12  in  all,  the 
cTQss-section  of  each  being  1  square  foot  and  the  length  12  f««t  and  4  inches.  The 
boxes  were  made  of  2-inch  pine  plank,  and  on  top  of  each  there  was  an  extra  plank  to 
prevent  the  snikeH  from  the  platform  from  reaching  the  iimideof  the  box  and  thereby 
causing  a  leak.  In  the  j<iintH  a  strip  of  flannel  was  laid  in  white  lead,  and  thc^  whole 
thoroughly  tarred  after  nailing.  Besides  the  bracing  afforded  by  the  close  platform 
spiked  on  the  top  of  the  boxes,  there  was  a  contiunons  stretch  of  plank  naile<l  to  their 
emls  and  diagonal  braces  undenieath.  On  the  platform  and  directly  over  each  b<»x  a 
plank  1  foot  wide  and  12  feet  long  was  set  upon  edge  and  braced  by  spiking  a  6-inch 
angle  piece  on  each  side.  These  planks  s<*rved  as  ways.  They  projected  over  the 
edge  of  the  float  2  feet,  and  on  the  projecting  end  were  rounded  down  to  a  height  of  5 
inches.     Fom*  cleat<s  were  bolted  to  the  platform  for  use  in  attaching  the  lines. 

The  float  was  used  in  the  same  manner  as  the  various  boats  which  have  been  em- 
ployed in  constructing  continuous  revetment. 

Before  any  portion  of  the  mat  had  been  made  to  break  the  current  the  pressure 
against  the  float  was  so  great  that  it  could  not  be  held  with  safety  perpendicnlsr  te 
the  shore.  Therefore,  in  starting,  the  float  was  placed  along  shore,  and  the  mat  built 
out  towards  the  centor  of  the  stream  until  a  width  of  70  feet  was  reached.  Weaving 
was  then  commenced  on  the  down-stream  side  of  the  mat,  with  the  float  in  its  proper 
position,  perpendicular  to  the  shore.  The  brush  used  being  willow,  the  mat  was  suf- 
ficiently buoyant  t-o  support  the  men  carrying  brush,  and  none  except  the  weavers 
and  their  helpers  were  <m  the  platform. 

The  up-stream  edge  of  the  platfonn  was  tipped  below  the  water  as  the  roattreaa  was 
woven  into  it,  and  to  prevent  the  current  from  partiallv  sinking  and  turning  the  fioat 
a  line  was  attached  to  the  up-stream  outer  comer  and  iroiu  thence  over  the  mat  to  the 
shore  above.  The  place  occupied  by  the  weaver  was  always  above  water,  and  the 
tipping  of  the  platform  was  of  advantage  in  moving  the  float. 

For  the  purpose  of  strengthening  the  mat  and  securing  it  to  the  float  2  lines  f  of  an 
inch  in  diamet^er  were  woven  into  it,  one  near  the  out«r  edge  and  the  other  16  leet 
from  shore.  A  windlass  on  shore  was  employed  in  moving  the  float  from  under  the 
mat.  The  progress  per  day  was  at  first  bnt  about  40  feet,  and  to  hasten  the  work  a 
second  float  was  made,  and  another  gang  of  weavers  employed  as  soon  as  the  first  wae 
in  successful  operation.  This  float  was  placed  about  miiiway  of  the  unprotected  shore, 
and  used  to  construct  the  mattress  from  that  point  to  the  bridge. 

The  revetment  crossed  the  mouths  of  two  creeks,  which  at  times  of  heavy  rainfall 
discharge  large  quantities  of  water  into  the  Missouri.  The  work  was  carried  a  short 
distance  up  the  beds  of  these  sT reams  and  well  weighted  with  rock.  For  sinking  the 
mat  11  cubic  yards  of  rock  (about  14  tons)  were  used  per  100  linear  feet. 

The  work  was  completed  to  the  bridge  November  27.  Its  cost  per  linear  foot  waa 
$1.67.  The  greatest  item  of  cost  is  the  weaving,  and  therefore  for  cheapness  in  thia 
form  of  revetment  it  is  requisite  that  the  labSr  employed  be  skilled  in  the  work. 
With  the  exception  of  one  man,  the  workmen  employed  at  this  point  weito  wilboiA 
previous  praetioe. 

The  ftoftt  system  is  believed  to  be  advtttita^g«oaa'wlwfe  the  uiioifitft  cf  mnrkt^  be 
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done  will  not  fally  warrant  the  omntruotion  of  a  "boat.  There  may  be  localities  on 
the  Missouri  River  where  the  strength  of  the  current  would  forbid  its  use,  but  such  is 
not  generally  the  case.  It  is  essential  that  willow  or  other  brush  of  small  specific 
gravity  be  used.  The  chief  advantages  of  the  float  are  it  cheapness,  the  small  cost 
of  lengthening  it  for  constructing  a  greater  width  of  revetment,  and  the  ease  with 
which  it  is  moved  from  under  the  mat. 

After  the  completion  of  the  revetment,  and  at  a  time  when  the  ground  was  satu- 
rated by  a  heavy  rain&U,  it  was  noticed  that  portions  of  the  upper  bank  had  settled, 
without  any  apparent  movement  of  the  revetment.  It  was  evident  that  the  action 
took  place  entirely  from  above  the  water,  as  that  port  of  the  mattress  which  was  cnft 
the  bank  was  partially  folded  by  the  pressure  of  earth  against  its  edge.  The  water 
which  oozed  from  the  bank  kept  it  in  a  plastic  stAte,  and  the  clay  seemed  to  have 
flowed  down  on  account  of  the  steepness  of  the  slope.  The  work  received  no  injury 
from  this  canae. 

Daring  the  April  rise  of  1880  the  shore  end  of  the  mat  was  torn  in  several  places  by 
the  enrrent,  there  being  an  insufSeienoy  of  stone  on  the  part  exposed  dnrins  low>^watev» 
Ko  portion  of  the  work  was  carried  away,  and  all  damage  was  repaired  by  placing 
norp  st4>ne  along  the  broken  edge. 

Slight  repairs  were  made  at  dike  No.  :(,  on  the  Kansas  shore,  in  July,  1879,  and  in 
May,  1H80,  3  small  mattresses  were  put  in  immediately  above  dike  No.  2,  to  repair  » 
break  which  threatened  the  destruction  of  the  dike  at  hi^h- water.  The  brush  nsed  on 
all  work  of  the  season  was  willow.  It  was  purchased  m  various  localities  at  prices 
Tanging  from  10  to  25  cents  per  load  for  the  standing  bmsh.  The  stone  was  piiT>- 
chased,  delivered  at  the  work,  for  96  cents  per  cubic  yard. 

The  principal  surveys  of  the  season  were  made  with  a  view  t<o  observing  the  effect 
of  the  cut-off  which  took  place  near  Amazonia,  Mo.,  July  23,  1880.  These  surveys 
will  be  reported  upon  as  soon  as  others  have  been  made  to  note  the  changes. 

In  November  a  low-water  survey  was  started  at  the  bridge  and  oarriefl  to  a  point  4 
miles  above.  It  then  become  necessary  to  discharge  the  party  in  onler  that  work 
on  the  revetment  might  not  be  crippled  through  laok  of  funds.  The  accompanying 
map  is  made  from  the  notes  of  the  Missouri  River  survey.  The  low-water  survey  is 
platt4>d  thereon,  and  throughout  its  extent  the  shore  lines  of  the  general  survey  are 
dotted. 

Since  June  23,  the  date  of  my  letter  to  you  proposing  a  plan  for  the  expenditure  of 
the  present  appropriation  and  containing  estimates  lor  the  future,  no  surveys  have 
been  made,  and  consequently  a  more  definite  discussion  of  future  operations  than  is 
contained  in  the  letter  referred  to  cannot  yet  be  had. 

I  wish  here  to  acknowledge  my  indebtedness  to  Mr.  D.  W.  Wellman,  assistant  engi- 
neer, fbr  the  use  of  notes  of  the  Missouri  River  survey. 

The  works  of  oonstmotion  at  this  point  were  nnder  the  local  charge  of  Assistant  D. 
F.  Pmync. 

I  am,  m^jor,  very  respectfully,  your  obedient  servant, 

D.  W.  Church, 

Ms).  Chab.  R.  8UTSR,  J9migtant 

Corp»  o/ J^^JMsers,  U,  8»  A. 


Q  10. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  BROWNVILLE,  NEBRASKA. 

• 

A  report  upon  this  locality  was  submitted  to  you  under  date  of  Feb* 
ruar^-  7, 1880,  and  published  as  Senate  Ex.  Doc.  No.  82,  Forty-sixth  Cong., 
84fCond  session. 

By  act  approved  June  14, 1880,  a  small  appropriation  was  made  for 
beginning  this  work,  and  will  be  expended  during  the  present  season  in 
the  prosecution  of  the  plan  proposed. 

This  work  is  in  the  collection  district  of  New  Orleans,  and  the  nearest  port  of  delivery 
is  Omaha,  Kebr.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
1S80,  was  |8,e05.21. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 $10, 000  00 

Jttly  1, 1880,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 51 ,  000  tiO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1682.    51, 000  00 
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8pe0ia1.  report. 

United  States  Enoinbeb  Office, 

tkiint  LouUj  Mo.^  February  7, 1880. 

rrCrENERAL :  lu  accordance  with  your  instructioas  of  January  19, 1880, 
I  beg  leave  to  submit  herewith  a  copy  of  a  map  of  the  Idissouri  River 
in  the  vicinity  of  Brownville,  Nebr.,  made  under  my  direction  during  the 
past  season,  and  also  a  report  of  my  assistant,  Gapt.  Thomas  H.  Hand- 
bury,  Corps  of  Engineers,  U.  S.  A.,  giving  the  details  of  the  situation, 
together  with  plan  and  estimates  for  a  partial  improvement  of  the  river 
in  this  vicinity.  The  plan  proposed  and  the  estimates  are  approved  by 
me.  It  is  only  deemed  necessary  for  the  present  to  hold  the  left  bank 
opposite  and  above  the  town  and  the  right  bank  below  it,  thus  prevent- 
ing further  injurious  changes,  leaving  the  question  of  the  complete  rec- 
tification of  the  river  in  this  vicinity  for  future  consideration.  To  carry 
out  this  plan  some  22,000  feet  of  mattress  revetment  will  be  needed, 
and  the  estimate  is  as  follows : 

For  22,000  feet  of  revetment,  at  (2.50  per  foot $55,000 

Contingencies,  &c : 6,000 

Total 61,000 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  B.  Sutbb, 
Brig.  Gen.  H.  G.  Wright,  Major  of  Engineers. 

Chief  of  Engineers^  U.  8.  A. 


report  of  capt.  thomas  h.  handbury,  corps  op  rxgineers. 

United  States  Engineer  Office, 

Saint  Louis,  Mo.y  February  6,  1880. 

Major:  In  obedience  to  your  recent  verbal  instructions  to  prepare  and  submit  a 
plan  and  estimate  for  the  improvement  of  the  MiMsouri  Kiver  in  the  vicinity  of  Brovrn* 
ville,  Nebr.,  I  have  the  honor  to  submit  the  following : 

After  a  careful  study  of  the  map  of  the  Missouri  River  in  this  vicinity  recently 
made  by  your  assistant,  D.  W.  Wellman,  and  of  others  of  older  date,  and  from  conver- 
sation with  those  wh.o  are  familiar  with  the  locality,  I  tind  that  for  several  years  past 
the  river  has  •  een  eroding  the  right  bank  in  frout  of  and  below  the  town,  and  the 
left  bank  just  opposite  and  in  the  bend  above,  to  such  an  extent  as  to  materially 
widen  the  bed  and  decrease  the  depth  of  the  navigable  water-way.  It  is  evident  that 
if  these  erosions  are  not  checked,  the  navigation  of  the  river  in  this  vicinity  will  be 
seriously  impaired.  Brownville  is  a  point  of  considerable  importance  a«  a  orossiug  of 
the  Missouri  River.  The  ferry  facilities  for  crossing  the  euiigrauts,  stock,  grain,  and 
produce  of  all  kinds  that  center  here  have  heretofore  been  very  good,  but  there  is 
great  danger  that  if  the  erosion  of  the  point  at  which  the  easterly  landing  is  made 
continues  much  farther,  shoals  and  bars  will  be  lormed  in  the  -widened  bed  of  the 
river  that  will  render  long  detours  nece^ssary,  and  perhaps  break  up  the  ferry  entirely. 

By  the  expenditure  now  of  a  very  reasonable  amount  of  money  tnese  erosions  can  be 
stopped,  whereas  if  the  matter  is  deferred  until  a  later  day,  great  detriment  to  navi- 
gation will  result,  the  ultimate  expense  of  remedying  which  will  be  very  much  in- 
creased. 

For  the  present,  I  w^ould  recommend  that  the  left  bank  be  revetted  from  the  ferry 
landinjj;  up  for  a  distance  of  5,000  feet.  It  might  be  well  also  to  make  provision  for 
extending  this  some  10,000  feet  farther,  in  case  the  main  channel  of  the  river  should 
fall  against  the  concave  side  of  Rocknort  Bend.  I  would  also  revet  the  right  bank 
from  about  the  ferry  landing  down  for  a  distance  of  7,000  feet.  This  I  deem  to  be 
necessary  in  order  to  prevent  further  widening  of  the  river  bed,  and  to  preserve  much 
valuable  land  from  being  washed  away.  This  w411  make  about  22,000  feet  of  bank  to 
be  revetted. 

I  say  for  the  present  I  would  recommend  this  to  be  done,  but  I  do  not  regard  this 
as  the  ultimate  solution  of  the  problem.  The  true  remedy,  m  my  opinion,  Is  to  restore 
the  shore  line  of  the  left  bank  to  something  like  what  it  was  before  the  recent  excessive 
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erosioDB  besan,  and  then  to  revet  the  banks  on  both  sides  of  the  river  for  some  distance 
'  above  and  below  the  town.  This  part  of  the  improTement  I  do  not  deem  it  necessary 
to  commence  at  present.  Its  consideration  will  naturally  come  np  when  the  problem 
for  improving  the  general  navigation  of  the  river  is  under  discussion. 

Upon  the  aooompanying  map  I  have  indicated  the  portion  of  the  banks  that  I  think 
it  expedient  to  revet  as  soon  as  funds  can  be  made  available.  The  revetment  that  I 
woald  propose  for  adoption  here  would  be  some  form  such  as  has  been  used  with  suc- 
cess daring  last  season  at  the  several  localities  along  the  river  where  works  of  improve- 
ment were  carried  on  under  your  directions,  and  such  as  was  recommended  in  my  re- 
S^rt  to  you.  dated  January  28, 1880,  on  the  improvement  of  the  Missouri  River  between 
mahaana  Plattsmonth. 

I  estimate  that  in  this  locality  the  revetment  can  be  made  for  |2.50  per  running  foot 
of  bank. 

At  this  rate,  the  estimate  for  that  which  I  deem  necessary  to  be  done  under  the  pres- 
ent project  will  be  as  follows : 

For22,000  feet  of  brush  revetment,  at  1^.50  per  foot $55,000 

Superintendence,  contingencies,  &c 6, 000 


fie«pectfnlly  submitted. 
Your  obedient  servant, 

Mig.  C.  R.  SuTKR, 

Corp$  of  EngineerBj  U,  8.  A. 


61,000 


Thos.  H.  Handbury, 

Coptom,  Corp8  of  Engineert. 


Q  II. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  EASTPORT,  IOWA,  AND  AT  NE- 
BRASKA CITY,  NEBRASKA. 

At  the  date  of  my  last  report  work  was  in  progress  at  this  locality, 
mainly  directed  to  saving  the  work  of  the  previous  year.  This  was  at 
length  accomplished,  but  at  the  expense  of  a  large  portiou  of  the  appro- 
priation. Work  was  then  begun  on  the  works  of  channel  rectification, 
and  some  very  excellent  methods  of  construction  for  this  class  of  works 
were  devised*  The  season  for  favorable  work  had,  however,  passed  by, 
and  lack  of  funds  prevented  the  works  from  receiving  the  proper  exten- 
sion. The  same  remark  applies  to  the  new  revetment  work  constructed, 
much  of  which  was  destroyed  by  the  floods  of  this  season  owing  solely 
to  the  reason  that  it  was  incomplete.  These  facts  are  the  more  discour- 
aging as  there  is  little  doubt,  from  the  temporaiy  success  achieved,  that 
a  sufficient  amount  of  available  funds  would  have  enabled  us  to  accom- 
plish the  objects  proposed.  The  appropriation  for  this  year  is  smaller 
than  ever  and  will  accomplish  little,  and  it  cannot  be  too  strongly  urged 
that  if  the  ruinous  system  of  small  annual  appropriations,  entirely  in- 
commensurate with  the  estimates,  is  to  be  kept  up  for  these  workis  on 
the  Missouri  River,  there  is  no  telling  how  much  they  will  eventually 
cost  nor  whether  they  can  ever  be  completed. 

During  the  season,  in  addition  to  the  repairs  on  old  work,  there  was 
constructed  2,000  feet  of  revetment,  1,200  feet  of  sand  fence,  3,000  feet 
of  willow  curtain  dike,  and  1,000  feet  of  wire  curtain  dike.  These  latter 
eoDstructions  are  novel  and  interesting ;  they  are  fully  described  in  the 
appended  report  of  Assistant  L.  E.  Cooley,  who  had  charge  of  the  work. 

During  the  present  season  the  various  works  of  bank  protection  and 
channel  rectification  will  be  extended  as  far  as  the  funds  available  will 
allow. 

The  work  ib  situated  in  the  ooHeotion  district  of  New  Orleans,  and  the  nearest  port 
nf  deliTery  is  Omaha,  Nebr.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  re  venae  collected  at  Omaha,  Nebr.,  daring  ftscal  year  ending  June  90, 
1*3^,  waa  $3,605.21.  • 
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Money  atatetnent. 

July  1,  1679,  amount  available $28,065  15 

Amount  appropriated  by  act  approved  June  14,  1680 14, 000  00 

lid,  055  15 

Jnly  1,  1660,  amount  expended  during  fiscal  year • 27,4%  95 

July  1,  1880,  amount  available 14,618  20 

Amount  (estimated)  required  for  completion  of  existing  project 41, 000  ()0 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1682.    41, 00^>  00 


REPORT  OF  MR.   L.   E.   COOLEY,   ASSISTANT  EKQINBER. 

Nebraska  City,  Nebr.,  July  26, 18K). 

Major  :  1  have  the  honor  to  submit  the  following  report  of  operations  at  Nebraska 
City  and  vicinity  during  the  fiscal  ^ear  ending  June  30,  1880.  These  operations  were 
conducted  in  general  accordance  with  the  preliminary  project  of  July  14,  1879,  which 
contemplates  the  ultimate  rectification  of  the  river  m>m  the  vicinity  of  Jones'  Point 
to  Nebraska  City,  a  distance  of  some  15  miles.  The  experience  of  the  past  two  years 
has  confirmed  the  idea  of  the  original  prelect  that  any  improvement  which  accom- 
plishes the  objects  desired  at  this  point  implies  the.  complete  control  of  a  considerable 
reach  of  river.  At  the  present  writing  it  is  believed,  if  permanence  be  at  aU  consid- 
ered, that  it  is  not  only  wisest  but  cheapest  to  commence  Skbove  the  place  to  be  affected 
at  some  permanent  nodal  point  where  ea«y  control  of  the  direction  of  the  stream  may 
be  had,  working  thence  down  stream.  Works  are  then  placed  on  the  sites  of  cau6f^ 
rather  than  on  the  sites  of  effects,  and  control  forces  whicn  cannot  be  directly  resii^ted 
except  at  great  and  uncertain  expense ;  successful  works  may  be  outflanked  by  the 
uncontroll^  river  of  succeeding  years. 

The  vital  nature  of  certain  points  to  be  protected,  combined  with  onmipresent  local 
interests,  firecfuently  demand  works  on  the  sites  of  effects,  and  it  is  too  often  the  csu^e 
that  more  money  Ib  expended  in  constructions  of  doubtful  stability  than  would  Ik 
required  for  complete  rectification  and  reasonable  permanonoe. 

The  absolute  necessity  of  holding  Eastport  Point  at  all  hazards  demanded  the  con- 
struction of  works  of  protection  at  that  place  in  1873.  The  changes  which  occurreti 
in  the  qpring  of  1679  (fully  described  in  report  of  last  year)  proved  these  works  to  be 
inadequate,  and  in  the  fiffnt  which  took  place  against  water  60  feet  deep  running  at 
8  miles  per  hour,  althougn  ultimately  successful,  a  larger  portion  of  the  appronriatioo 
was  expended,  leaving  but  a  limited  amount  for  the  scheme  of  permanent  rectincation 
Could  all  t^e  funds  have  been  devoted  to  that  object  it  is  believed  the  project  wonI<l 
now  be  well  advanced  towards  completion. 

The  balance  available  was  expended  in  making  borings,  in  surveys,  and  in  construc- 
tion. The  nature  of  strata  unaerlying  banks  ttiat  cut  at  the  rate  of  a  thousand  or 
more  feet  per  year  and  what  obstructions,  if  any,  to  a  projected  shore  line  might  exi't 
beneath  the  surface  of  the  bottom,  were  regarded  as  questions  of  paramonnt  practical 
importance  as  well  as  of  much  scientific  interest.  The  iMulte  of  the  38  borings  madf 
to  pennanent  strata  by  Assistant  £.  N.  Wilson  are  presented  in  his  report  to  you. 

Much  physical  data  has  been  collected  at  odd  times  by  the  party  engaged  for  tJic 
most  part  in  studying  the  effect«  of  the  works  of  constraction,  but  as  their  labors  were 
prematurely  cnt  shoA  by  the  orders  of  October  16,  1879,  the  diacnssion  of  the  resnlt-^ 
is  deferred  until  opportunity  is  fdmiahed  to  make  the  data  more  adequate. 

The  works  of  construction  consisted  of  about  1,000  feet  of  revetment  below  the  moutb 
of  Walnut  Creek  at  the  foot  of  Copeland's  Bend,  and  another  thousand  below  Lam- 
bert's orchard  in  Civil  Bend ;  of  a  curtain  dike  above  Neligh's,  and  a  second  nearly 
opposite  the  old  dike  of  1877,  designed  as  part  of  the  works  to  direct  the  river  in  tbc 
desired  course  through  Copeland's  Bend;  of  a  sand  fence  opposite  Neligh's  for  the  pur- 
pose of  building  up  the  bar ;  and  of  a  surface  mat  in  Eajstport  Bend  for  the  purpose  of 
preventing  the  advance  of  the  pocket  around  the  bend  and  the  flanking  of  the  work^ 
below. 

Some  description  of  the  changes  of  the  river  in  this  reach  is  neoessary  to  a  proper 
understanding  of  the  object  of  these  works  and  of  their  results. 

The  point  to  which  much  change  has  been  apparently  due,  in  part  at  least,  is  about 
3  miles  above  Jones'  Point  and  is  called  Pin  Hook.  This  is  a  sharp  irregularity  in  the 
bluff,  projecting  to  one-half  the  width  of  the  normal  river.  To  Jones'  Point  below,  tho 
shore  line  has  a  curvature  of  about  40  degrees. 

A  slieht  change  in  the  vicinity  of  Pin  Hook  will  cause  the  river  to  leave  the  shore- 
line below  and  follow  the  chord  of  the  curve,  as  it  does  follow  the  curve  ou  this  chord 
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in  its  ooniae  to  the  eastward  or  the  westward  of  the  large  middle  bar  below  Jones' 
Pomt.    This  bar  is  on  the  site  of  old  Hnrricane  Island. 

When  the  rirer  ran  to  the  westward  of  the  bar  it  impinged  heavilv  on  the  shore  of 
CiWl  Bend  at  Lambert's  Orchard,  and  excavated  there  a  large  pocket,  striking  the 
bluff  high  above  Wyoming  Landing.  This  seems  to  have  been  the  case  at  the  time 
of  the  first  snrvey  in  1876  and  1877.  By  1878  the  river  had  shifted  to  the  eastward  of 
the  bar,  and  the  place  of  erosion  had  been  transferred  to  the  point  below  the  pocket. 
Every  indication  seemed  to  make  it  probable  that  the  nver  wonld  hold  to  this  coarse 
for  several  years,  or  until  the  project  below  conld  be  consnmmated,  when  this  portion 
eoold  be  g^ven  proper  attention. 

The  project  was  to  revet  "the  pocket  and  allow  the  point  to  cut  away,  extending 
the  protection  down  as  fast  as  the  new  shore  developed  to  a  fair  line.  The  catting 
sway  of  this  point  wonld  allow  of  the  desired  coarse  through  Copeland's  Bend  free 
from  contact  with  the  Wyoming  BlnfFs.  According  as  the  nver  had  met  these  blaffs 
vss  it  to  a  certain  extent  influenced  in  its  wanderings  below. 

Up  to  about  July  5,  1879,  the  river  continued  to  tne  east  of  the  bar  below  Jones' 
Point.  The  point  of  land  and  the  bar  opposite  Wyoming  cut  away  rapidly,  and  the 
bluff  contact  nearly  disappeared  at  Nelign's.  The  changes  below  were  most  marked, 
ftnd  the  river  seemed  in  rair  way  to  accomplish  fully  the  ol^ect  desired — a  fortunate 
cirenmstanee,  as  all  energies  were  then  concentrated  in  the  bare  task  of  holding  East- 
port  Point. 

Between  the  &th  and  the  15th  of  Julv,  the  channel  shifted  to  the  westward  of  the 
bar  below  Jones'  Point  ^nd -struck  heavily  against  the  revetment  in  Civil  Bend.  The 
bluff  contact  at  Wvoming  raove<l  rapidly  up  stream,  and  the  advantage  gained  below 
in  Copeland's  Bend  seemed  likely  to  oe  lost.  As  soon  as  the  forces  could  be  withdrawn 
from  £astport  Point,  a  dike  of  willow  curtains  was  constructed  above  Neligh's  on 
*«ttch  a  line  as  wonld  preserve  the  direction  in  which  the  river  ran  while  it  was  ac- 
complishing the  chants  below,  and  prevent  it  from  striking  the  bluffs  and  returning 
to  its  old  course.  This  plan  succeeded  beyond  our  most  sanguine  expectations,  but 
ere  the  results  could  be  secured  the  appropriation  was  exhausted. 

Meantime  a  second  dike  was  cons^cted  below  from  the  bar  side  on  left  bank,  de- 
signed to  increase  the  width  of  accretion  and  possibly  to  force  the  water  down  the 
ebnte.  This  dike  failed  to  force  the  water  in  the  chute,  but  otherwise  was  an  ample 
hoccess. 

The  unanticipated  change  below  Jones'  Point  altered  materially  the  problem  in  Civil 
Bend.  Revetment  originally  desigpied  .to  resist  erosion  from  nearly  tangential  flow 
was  now  subject  to  direct  impact.  This  revetment  was  of  the  same  width  as  that 
oriffinally  deuffued  for  Eastport  Point,  and  like  it,  under  similar  conditions,  it  failed, 
ana  for  a  lengOi  of  1,000  feet.  The  success  at  Wyoming  led  us  to  believe  that  the 
project  could  DC  still  carried  out,  and  accordingly  a  very  strong,  continuous  mattress. 
100  feet  wide,  was  laid  down  on  modified  lines  m  place  of  that  which  had  been  found 
inadequate.    The  design  was  to  extend  it  either  way  as  the  shore  cut  to  a  fair  line. 

* 

MATTBB88  WOBX.  « 

The  mattress  work  on  Eastport  Point  was  not  completed  at  the  end  of  the  last  fiscal 
year.  The  surface  portion  was  everywhere  widened  sufficiently  to  provide  for  scour 
to  rock  and  coviured  with  earth  as  a  protection  ajy^ainst  sun  and  air.  Part  of  this  sur- 
face portion  was  constructed  on  the  system  of  woven  mattress  work  described  in 
Assistant  Touge's  report  to  you  for  1879.  By  the  end  of  July  the  pocket,  which  had 
cat  from  the  head  of  Eastport  Bend  and  attained  a  depth  of  1,300  feet,  was  within 
three-qaarters  of  a  mile  of  the  revetment.  It  was  thought  that  a  very  strong  surface 
mat  plaeed  at  the  |K>int  of  the  pocket  might  stop  its  progress  around  the  bend  and 
throw  the  river  out  into  the  bar  away  from  Eastport  Point.  The  partial  success  of  a 
•mail  surfiice  mat  above  the  root  of  1878  was  auspicious. 

Acoordingly  a  mattress  of  an  area  of  31,500  square  feet  was  woven  from  dogwood 
brush  and  stronsly  sewed  with  wire  and  heavily  weighted  with  rock.  When  about 
one-half  ita  widUi,  or  80  feet,  had  caved  into  the  water  it  began  to  tear  or  break  at  the 
odge  of  the  bank,  now  6  to  8  feet  high.  With  additional  caving  the  mat  appeared  to 
be  entirely  wrecked  except  a  small  comer.  However,  as  the  erosion  at  this  point  was 
decidedly  checked  while  it  continued  above  and  the  channel  rapidly  swung  over  into 
the  bar  opposite,  much  to  the  safety  of  Eastport  Point,  I  am  inclined  to  cr^it  it  with 
considerable  influence,  e^ecially  as  portions  of  the  mat  were  found  in  position  as  late 
as  October. 

As  an  experiment  it  simply  demonstrated  that  a  woven  mat  of  dogwood  brush  wejll 
uwn  with  wire  lacked  sufficient  strength  for  the  purpose.  It  was  thoueht  tl^a|t  a 
nKxe  flexible  mat  of  willow  brush  woven  on  a  very  strong  wire  netting,  well  wei^Bhtfi^Y 
voold  have  been  an  unqnalitied  success.  .• 

AU  of  the  revetment  of  the  fall  of  1879  was  woven  frt>m  willow  brush  in  continuous 
engths.    The  general  width  was  100  feet  from  top  of  bank,  the  thickness  8  to  12 
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inoheHy  and  from  3  to  4  pounds  of  rock  to  the  square  foot  was  used  as  ballast.  Tlw 
bimks  in  all  cases  were  sloped  2^  to  1.  The  experiment  of  weaving  on  the  surface  of 
the  water  without  a  boat  ubiled,  as  the  mat  in  a  few  hours  so  loaded  up  with  sediment 
as  to  sink. 

As  the  work  coutemplatetl  was  limited,  the  old  mattress  was  temporarily  adapted 
to  the  purpose.  The  hull  was  turned  at  right  angles  to  the  current,  a  curved  rake 
placed  on  the  upper  side  and  needles  projecting  up  stream  on  which  to  weave  the  mat. 
The  motion  of  the  boat  was  controlled  by  capstans  and  winches  through  lines  mnmng 
aft.  A  headline  was  used  for  the  outer  end  of  the  boat.  This  was  chiefly  for  safety, 
as  the  actual  strain  down  stream  was  largely  taken  by  three-eiffhths-inoh  lines  woven 
into  the  mat  and  paid  out  or  regulated  at  first  by  hand  but  uterwards  by  a  tension 
apparatus.  The  plan  of  substituting  wire  for  the  three-eighths-iuch  rope  proved  un- 
satisfactory as  the  wire  broke,  and  experiments  were  made  with  small  wire  rope,  a 
crude  machine  for  making  it  having  been  devised,  but  they  were  not  concluded  when 
the  work  terminated. 

The  progress  of  the  weaving  was  much  facilitated  by  brush-racks,  which  held  the 
brush  untU  wanted  by  the  weavers. 

The  mattress  work  was  woven  with  extreme  care.  The  most  rapid  work  was  on 
the  piece  in  Civil  Bend,  which  did  not  exceed  75  feet  per  day  and  cost  $1.96  per  linear 
foot.  The  limited  amount  of  this  mat  which  can  be  made  in  a  day  and  its  expense 
are  serious  drawbacks.  It  is  not  believed  possible  to  so  perfect  it  as  to  exceed  100  or 
160  feet  per  di^  or  to  reduce  the  cost  to  less  than  $1.50  per  linear  foot  for  a  thicknees 
of  6  inches.  This  thickness  may  be  considered  the  limit  of  this  style  of  mat  for 
strength  and  rapid  weaving. 

CURTAIN  WORK. 

Curtains  and  wire  nets  as  used  in  the  place  of  the  ordinary  weed  for  floating  dikes 
are  constructions  which  we  think  Nebraska  City  can  claim  as  entirely  novel. 

We  believe  the  first  dike  of  Brownlow  weeds  made  in  this  country  was  constructed 
hj  Assistant  Boehmer,  at  Nebraska  City,  in  1877  (fully  described  and  illustrated  is 
his  report  of  1878).  Assistant  Boehmer  again  used  them  at  Omaha  in  1878,  and  Assist- 
ant Davis  constructed  a  modified  form  at  Atchison,  the  same  season.  In  various  shapes 
they  were  used  at  all  the  works  of  improvement  in  1879. 

The  theory  of  this  construction  was  that  the  partial  checking  of  the  current  caused 
a  deposition  of  the  materials  transported,  thus  Duilding  up  a  bar,  the  channel  mean* 
time  seeking  a  less  obstructed  locality. 

The  experience  with  individual  weeds  in  1879  was  that  they  opposed  their  maxi- 
mum  resistance  at  the  beginning,  their  size  continually  decreasing.  This  necessitated 
heavy  anchorage  and  much  labor  in  placing.  The  fastenings  were  freauently  worn 
away  by  the  ceaseless  rotation.  It  was  practically  impossible  to  make  tnem  thick  at 
the  bottom  where  most  needed  and  to  plant  them  at  regular  intervals  so  that  they 
would  present  a  uniform  resistance  to  the  current.  The  result  was  that  the  baif 
thrown  up  were  full  of  deep  channelings  from  the  thinner  portions  of  the  dike,  and 
that  the  dike  itself  was  unsupported  by  the  growing  bars  from  the  fact  that  the  rapid 
flow  beneath  kept  the  immediate  vicinity  free  from  deposits ;  even  the  anchorage  wa« 
gpradually  undermined,  causing  a  general  settlement.  If  to  counteract  these  tenden- 
cies, and  also  the  diminishing  resustauce,  additional  weeds  were  applied,  the  dike  soon 
began  to  act  like  a  solid  spur  or  dam  with  powerful  eddies  and  silting  dne  only  to  dead 
water  or  eddy  action.  Tne  dike  was  still  unsupported  by  its  deposits  usually  existing 
on  either  side.  In  the  fall  of  1878,  the  large  quantity  of  material,  as  grass,  rootlets, 
and  general  d^>ris  suspended  or  floating  in  the  water  was  first  noted.  In  the  sprinc 
of  1^^  experiments  were  made  on  various  forms  of  willow  grating  or  screens,  and 
these  were  partly  illustrated  and  described  in  my  report  for  last  season.  The  type 
adopted  is  fully  illustrated  elsewhere. 

Tne  general  plan  of  curiain  used  was  a  gratinij  of  willow  brush  lOO'  by  :)3' ;  the  de- 
sign being  to  make  them  of  a  width  e<][ual  to  twice  the  depth  of  water  in  which  they 
were  to  be  placed,  and  of  any  convenient  length. 

These  curtains  were  constructed  as  follows:  On  light  ways  No.  13  wires  under  sHght 
tension  were  placed  4  feet  apart.  Across  these  willow  brush  of  1  to  2  inches  diameter 
at  the  bntt  were  laid,  and  tncn  a  second  set  of  No.  13  wires  immediately  over  the  first. 
The  upper  and  lower  parallel  wires  were  twisted  together  bet  ween  each  bnish  at  spacer 
of  6  to  8  inches.  The  curtain  w^m  rolled  up  at  the  foot  of  the  ways  as  completed,  and 
the  construction  continued  until  the  desired  length  of  100  feet  was  obtained,  the  roll 
being  about  ^  feet  in  diameter.  The  two  seams  at  the  anehor  edge  were  of  No.  12 
wire  and  1  foot  apart.    Short  No.  10  anchor  wires  were  placed  at  intervals  of  5  feet. 

In  placing  these  curtains  two  50-foot  barges^  lashed  end.  to  end,  were  used.  For 
moving  and  shifting  their  positions  a  system  of  four  lines  was  found  necessary.  Vari- 
ous kinds  of  mooring  anchors  were  tried,  and  finally  a  modified  form  of  Chinese  an- 
chor was  devised,  which  proved  entirely  satisfactory.    Running  the  length  of  the 
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down-stream  gunwale  of  each  of  the  barges  was  a  *2|-inch  ^as-pipe  tumblioe-beam, 
provided  at  intervals  of  5  feet  with  iron  pins,  to  each  of  which  was  suspended  a  rock 
of  abont  200  pounds  weight  by  means  of  a  wire  bail  or  sling. 

The  curtain  was  unrolled  behind  the  barges  and  each  of  the  wire  fastenings  secared 
to  its  individual  rock.  Poles  were  usually  lashed  to  the  opposite  edge  and  as  many 
bnoys  secured  thereto  as  desired.  The  two  tumbling-beams  were  then  tripped,  the 
whole  construction  taking  its  position  in  the  water  without  danger  of  wrecking.  The 
barges  were  dropped  over  the  curtain,  and  usually  a  half-curtain  length  in  the  direc- 
tion of  the  dike,  and  the  operation  repeated.  Thus  each  curtain  was  placed  at  nearly 
right  angles  to  the  current,  while  the  direction  of  the  dike  itself  made  any  desired 
aoffle. 

The  merit  of  this  construction  lies  in  its  exceeding  ease  of  launching  and  in  its  ac- 
tion thereafter.  The  resistance  at  flrst  is  comparatively  small,  bnt  greatest  near  the 
bottom,  where  the  curvature  is  flattest,  and  tnere,  immediately  through  the  curtain, 
till  commences,  thus  securing  the  anchorage  as  the  first  effect.  In  a  few  hours,  how- 
ever, the  strain  increases  from  the  continued  accumulations  of  fiber  and  general  eUbris. 
The  mode  of  action  of  the  current  is  deceptiTe  and  essentially  different  from  that  of 
the  ordinary'  Brownlow  weed.  In  the  latter  the  ceaseless  motion  of  the  brush  trailing 
in  the  direction  of  the  current  prevents  the  accumulation  of  fiber  and  debris  to  any 
extent ;  the  resistance  diminishes  rather  than  increases,  and  deposition  is  largely  ac- 
complished through  dead  water  or  eddy  action.  The  former  fills  through  and  is  sup- 
ported bv  its  accretions  with  no  deep  water,  unless  its  interstices  are  too  close.  It  is 
t'Hflentially  a  reef  builder,  initiating  a  bar  on  nature's  plan.  The  material  is  largely 
rolled  in  under  swift  currents  that  run  wild  like  the  currents  of  a  falling  stage  on  a 
shallow  crossing  that  has  not  yet  defined  its  channel. 

It  was  noticed  that  after  the  accumulation  of  fiber  on  the  willows  had  reached  a 
certain  amount  it  was  liable  to  rotate  or  slip  off",  this  action  taking  place  easiest  with 
the  larger  willows,  while  the  wires  of  the  curtain  retained  it  better.  Accordingly 
some  experiments  were  made  with  smalj  sections  of  wire  not,  and  it  was  found  that 
even  on  the  low- water  of  September  each  wire  would  g^w  to  be  one-half  to  three- 
quarters  of  an  inch  in  diameter  in  the  space  of  24  hours,  while  the  net  itself  would  be 
covered  with  a  miscellaneous  assortment  of  dfbrie. 

After  much  delay  a  net  200  by  40  feet  was  constructed  and  placed  near  the  foot  of 
the  curtain  dike  at  Wyoming,  as  this  was  the  only  place  where  a  construction  of  this 
character  was  as  that  time  desired.  Although  the  water  was  25  feet  deep  and  swift 
for  the  season,  it  was  put  in  without  difficulty.  In  an  hour  each  wire  had  a  continuous 
trail  of  fiber,  and  in  two  hours  considerable  resistance  was  apparent.  In  24  hours  all 
the  buoys  had  been  sunk  and  the  shore  fastenings  wrecked,  tne  top  of  the  net  being 
bnt  12  to  15  feet  from  the  bottom  of  the  river.  It  filled  up  abont  11  feet  in  a  week^ 
time. 

The  tronble  lay  in  the  fact  that  the  meshes,  which  were  diamond-shaped  and  12  by 
4  inches,  were  entirely  too  small,  causing  the  action  of  a  dam  or  solid  dike  rather  than 
that  of  a  curtain. 

The  experiment  was,  however,  a  crucial  one  as  to  the  proper  direction  to  be  followed, 
plainly  indicating  the  continuous  wire  net  as  the  future  dike.  As  the  mode  of  con- 
Mtmction  was  not  sufficiently  satisfactory,  a  plan  of  making  a  hexagonal  mesh  rapidly 
and  cheaply  was  devised,  but  no  opportunity  of  applying  it  was  furnished. 

The  constructive  merit  of  both  the  curtain  and  net  is  in  the  fastening,  which  is  rap- 
idly made,  efficient,  and  reliable.  It  consists  simply  of  two  parallel  wires  under  ten- 
Hion,  twisted  toother  by  an  awl  inserted  between  them. 

The  first  curtains  were  put  in  without  buoys.  The  upper  edge  usually  took  a  position 
about  4  or  5  feet  from  the  bottom,  and  the  fill  would  frequently  amount  to  3  feet  in  24 
honnt,  bnt  none  thereafter.  This  fill  tended  to  sink  the  curtains  or  drag  them  down, 
a  ph«>noiueQa  also  observed  with  buoys,  their  tops  finally  reaching  a  level  from  2  to  4 
feet  below  that  originally  sustained. 

The  first  work  was  decidedly  experimental.  The  Wyominjj  dike  was  actually  con- 
•*tmcted  in  the  last  two  weeks  in  August  at  a  stage  decreasing  from  3  feet  to  low- 
water.  Its  location  was  on  the  reef  above  the  trough  at  the  blims,  where  the  currents 
were  more  than  ordinarily  swift  and  tenacious  of  tneir  direction.  The  general  depth 
along  the  line  increased  from  12  to  25  feet,  although  the  actual  depth  encountered  was 
not  over  15  feet,  as  pariial  fill  preceded  the  construction,  each  curtain  being  placed,  as 
it  were,  partly  in  the  shadow  of  its  predecessor. 

Rennita  developed  with  unexpected  rapidity.  In  two  or  three  weeks  bars  began  to 
ihow  themselves  above  the  surface ;  not  over  2  feet  of  water  existed  throughout  the 
length  of  the  dike,  some  2,400  feet,  and  a  considerable  bar  trailed  from  its  extremity. 
Bnt  little  effect  was  produced  until  the  thread  of  the  current  leading  to  the  trough 
behind  was  reachea.  Here  was  a  steady  fight  for  a  couple  of  days,  after  which  the 
<'ha'nnel  line  began  to  swing,  this  movement  being  continuous  as  the  dike  progressed. 
The  work  below  Wyoming  consisted  of  a  sand-fence,  commencing  about  1,200  feet 
.'*t>ove  Boebn)er*8  dike  and  running  across  the  bar  to  the  water's  edge,  thence  a  dike  to 


1430  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

the  edge  of  the  cunreiit  or  about  1,200  feet  from  the  opiMwite  bluff,  turning  down 
stream  on  a  line  parallel  to  the  same.  The  sand-fence  was  constructed  on  the  plan  of 
1878.  Across  the  slough,  100  feet  wide  near  shore,  a  road  of  brush  and  hay  had  beon 
made,  and  over  this  was  placed  a  well  braced  fhime-work  of  poles  aud  wire,  the  poles 
being  deeply  driven  into  the  mud  at  intervals  of  5  feet ;  the  purpose  was  to  produce  a 
gradual  accumulation  of  drift  and  thus  close  this  sloush.  The  sand-fence  at  the  bar 
edge  was  protected  by  a  curtain  partly  supported  on  poles  and  inclosing  its  end. 

m  line  with  this  fence  a  dike  of  stiff  or  horizontal  weeds,  on  the  plan  of  Assistant 
Nier,  was  extended  for  300  feet  until  deep  water  was  reached,  and  then  down  on  the 
proposed  line  300  feet  farther.  Their  construction  was  so  rapid  and  simple  that  it  was 
hoped  to  build  the  dike  with  them  alone  as  the  water  on  this  crossing  was  but  8  to  12 
feet  deep.  However,  when  this  length  was  reached  it  was  found  that  the  water 
began  to  roll  over  and  undermine  the  weeds,  that  the  deposits  were  some  distance  be- 
low, and  that  scour  around  the  end  prevented  useful  progress.  In  order  to  strengthen 
the  work  a  second  and  again  a  third  line  of  stiff  weeds  were  placed  over  the  con- 
structed portions,  and  it  was  finally  September  25  before  they  were  definitely  aban- 
doned. The  dike  was  then  extended  in  double  line  of  curtains  1,000  feet  in  two 
days.    Buoys  from  the  upper  dike,  where  they  were  of  no  further  benefit,  were  used. 

The  stiff  or  horizontal  weed  is  an  admirable  construction,  but  its  use  should  be  lim- 
ited to  depths  not  exceeding  6  feet,  in  the  shore  or  shallow  ends  of  dikes,  in  closing 
chutes  or  shoal  channels,  and  in  building  up  low  bars,  beiug  placed  thereon  pievioa« 
to  hi^h-water. 

This  dike  was  not  so  successful  as  its  predecessor.  The  river  had  already  streaks  of 
blue  although  considerable  sand  was  in  motion ;  in  fact  it  never  ceases.  The  mistake 
was  made  of  carrying  it  too  far  across  the  channel,  the  more  especially  as  the  stif)' 
weed  portion  had  defeated  the  growth  of  the  reef  or  bar  out  firom  the  shore  as  tbe 
work  processed,  as  was  the  case  in  the  upper  dike,  aud  should  be  the  case  in  similar 
constructions.  A  considerable  channel  cut  out  around  the  lower  end;  meantime  the 
stiff  weed  portion  failed  to  fill  up  rapidly,  the  deepest  water  on  the  dike  existing  here. 

The  accretion  or  reef  formed  by  the  curtaihs  came  to  within  3  or  4/eet  of  the  soi- 
£Ace  as  a  ridge  of  100  or  more  feet  in  width  with  the  dike  in  the  center  and  water  of 
the  ordinary  depth  on  either  side. 

The  effect  was  to  cut  out  deep,  naixow  channels  through  the  bar  over  which  water 
flowed  to  the  chute  aud  to  enlarge  it  somewhat.  An  examination  showed  this  bar  t« 
be  largel)'  composed  of  heavy  gravel,  and  but  for  this  the  result  might  have  been  more 
favorable. 

This,  however,  may  well  be  doubted.  A  study  of  the  cross-sections  made  the  past 
two  seasons  at  Nebi:iska  City  reveals  the  fact  that  as  a  general  thing  on  a  rising 
stage  chutes  enlarge  relatively  faster  than  the  main  river,  while  the  reverse  is  true  ol 
a  falling  stage.  The  fact  that  the  chute  was  not  only  prevented  ftt>m  closing  farther, 
but  eveu  enlarged,  implied  an  efficient  construction.  In  any  case  the  attempt  to  cloee 
a  larger  channel  in  the  unstable  strata  of  the  Missouri  is  a  most  doubtful  undertaking, 
and  it  is  thought  it  will  be  found  expedient,  especially  if  the  course  desired  is  longer 
than  the  present  channel,  to  force  it  overland  by  cuttmg  away  the  intervening  area- 

The  cost  of  these  two  dikes  complete  was  47  cents  per  linear  foot,  the  curtains  being 
in  double  rank. 

The  most  unsatisfactory  portion  of  floating-dike  work  are  the  buoys.  Oil  baneU 
were  first  used,  and  afterwards  boxes  of  about  4  cubic  feet  displacement ;  130  experi- 
mental buoys  were  made  of  building  paper,  cylindrical  in  form,  with  board  ends,  an<i 
at  a  cost  of  about  one-half  that  for  boxes.  The  paper  was  passed  through  hot  pitch  as  it 
was  rolled  on  in  three  turns  or  thicknesses,  the  edges  being  closely  tacked.  They  proved 
impervious  to  water  and  lasting.  There  are  many  practical  difficulties  in  their  con- 
struction, but  the  experiment  demonstrated  the  feasibility  of  making  a  very  cheap 
and  efficient  buoy  from  paper  pulp.  The  rate  of  fill  behind  the  dikes  was  bv  no  meano 
regular.  On  one  occasion,  from  Saturday  night  to  Monday  morning,  a  fill  of  6  feet  wa?; 
noted  over  a  considerable  area.  From  August  21-23,  the  fill  over  the  upper  halt' 
of  the  area  behind  the  Wyoming  dike  was  at  the  rate  of  7^  yards  per  minute.  Much 
greater  rates  no  doubt  obtained  elsewhere,  but  the  difficulty  of  measuring  it  was  verj 
great. 

The  proper  season  for  operations  of  this  character  is  during  the  higher  staj^es  of  the 
river,  when  the  material  transported  is  a  maximum,  the  erosive  forces  at  their  height, 
and  the  stream  itself  less  flexible  in  its  course.  As  the  work  when  commencea  at 
'Wyoming  was  essentially  experimental  and  necessarily  slow  in  progress,  the  river  had 
faDen  greatly  before  any  efficiency  was  developed.  The  results  finally  obtained  at 
low-water  showed  that  the^onstruction  possessed  such  merit  that  it  was  deemed  wise 
to  develop  it  to  the  limit  of  our  resources  in  order  to  settle,  if  possible,  in  some  degree, 
one  of  the  steps  by  which  river  courses  might  be  directed  and  conH^lled. 

It  was  not  expected  that  the  results  obtained  would  be  permanent  unless  secured 
by  more  substantial  constructious,  especially  ift  the  curtains  used  were  too  narrow  te 
resist  high-water.    The  impact  of  the  current  at  Wyoming  was  directly  against  the 
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dike  and  this  point  continually  moved  up  stream;  threatening  t«  cut  it  out  at  the 
head. 

To  secure  the  results  and  make  them  permanent  it  was  the  intention  to  develop  a 
carved  shore  line  from  Neligh's  to  the  crossing  ftom  Civil  Bend  by  the  aid  of  mattress 
work  sustained  by  piling.  By  the  time  this  plan  was  to  be  put  in  operation  the 
money  proved  inadequate,  and  it  was  changed  to  closed  dikes  extending  from  the 
bluff  to  the  proposed  curve,  3  being  of  stone  and  of  short  length,  and  a  fourth  of  mat- 
tress work  and  cortains  sustained  by  piling  nearly  1,000  feet  long. 

It  was  thought  these  constructions  would  preserve  the  directions  desired  during 
the  tint  rises  of  the  spring,  or  until  additional  funds  were  available,  when  their  en€& 
coQld  be  connected  and  this  shore  Line  finished  in  accordance  with  the  first  plan. 
This  dike  construction  was  not  rejg^arded  as  the  best,  or  as  a  certain  plan,  but  simply 
as  the  only  one  expedient  at  the  time. 

The  stone  for  dikes  deserve  no  special  mention.  They  were  quarried  at  their  sites, 
and  of  short  length,  and  the  cheapest  constmction  for  the  purpose. 

In  studying  the  question  of  piling  it  was  found  that,  as  driven  in  the  ordinary  way, 
the  penetration  in  Missouri  River  sands  was  quite  limited  and  the  cost  not  warranted. 
A  temporary  hand-pump  was  rigged  up,  and  experiments  made  with  a  jet.  Ab  the 
power  of  only  6  or  8  men  was  available  on  this  pump,  the  manner  of  applying  the  Jet 
most  effectively  was  of  great  importance,  and  aiter  much  experimentation  the  method 
illustrated  was  thought  to  give  the  best  results.  It  was  found  possible  to  sink  piling 
of  1  foot  diameter  8  to  12  feet,  the  average  being  about  10,  in  one  to  three  minutes. 
With  gTMiter  power  and  more  efficient  apparatus  the  depth  reached  would  be  any- 
thing desired. 

The  piling  were  put  down  at  an  inclination,  in  pairs  like  a  letter  A,  and  drift-bolted 
at  the  intersection,  these  bents  being|  12  to  15  feet  apart.  A  stout  log  or  waling  was 
nised  from  bent  to  bent  and  well  dnft-bolted  in  the  angle,  thus  making  a  structure 
thst  Was  very  rigid.  The  general  plan  was  to  weave  a  very  strong  and  wide  mat  over 
the  end  of  this  pile  support  and  back  150  to  300  feet,  and  to  complete  the  remalniUff 
portion  of  the  dlKe  in  pile  bents,  20  to  25  feet  apart,  between  which  a  wire  rope  should 
t«  sQspended  for  the  purpose  of  sustaining  curtains  or  a  wire  net. 

The  structure  had  progressed  a  few  bents  only,  when  peremptory  orders  to  stop  work 
without  delay  were  received,  as  the  funds  were  exhausted.  The  stone  dikes  below 
were  only  partly  complete,  perhaps  fortunate  under  the  circumstances.  It  is  hardlv 
necessary  to  say  that  the  failure  to  finish  these  structures  was  greatly  regretted,  as  all 
that  had  been  gained  at  the  head  of  Copelaod's  Bend  seemed  in  fair  way  to  be  lost. 

After  the  worka  were  definitely  closed,  the  river  cut  its  way  around  the  head  of 
^'yoming  Dike,  and  a  good  portion  of  the  water  flowed  in  this  course  during  the  win- 
ter. On^  a  limited  portion  of  the  lower  end  was  carried  away  by  this  new  attack, 
the  main  portion  of  the  accretion  remaining  undisturbed.  The  unprotected  pile  bents 
stood  nearly  all  winter,  but  were  finally  run  down  by  ice  fields.  The  lower  dike  oon- 
tinned  to  make  accretions  which  extended  nearly  one-half  its  length  above  water,  and 
some  of  the  paper  buoys  were  observable  after  the  ice  left  the  river.  The  effects  of 
the  April  rise  were  watched  for  with  great  anxiety.  The  accretions  thrown  up  at 
Wyoming  maintained  themselves,  and  so  directed  the  river's  course  below  that  consid- 
ersble  erosion  of  the  right  bank  took  place  below  Squaw  Creek.  The  channel  ran  out- 
side the  lower  dike,  and  made  a  heavy  inroad  into  the  bar  below,  and  most  desirable 
chaoges  took  place  m  the  chute.  This  action  continued  favorable  until  the  1st  of  May, 
«nd  up  to  this  time  a  small  expenditure  could  have  carried  out  the  changes  inaugu- 
rated so  unexpectedly  under  the  circumstances.  Since  then  the  lower  end  of  the 
Wyoming  Dike  has  gradually  worn  away,  allowing  the  river  to  make  such  a  bluff 
contact  Uiat  the  direction  below  is  unfavorable.  The  river  has  to  a  certain  extent 
swung  across  the  lower  dike,  and  a  partial  channel  has  developed  over  the  stiff- weed 
portion.  The  river  shows  a  tendency  to  abandon  the  favorable  course  it  had  taken 
helow  and  swing  back  partly  to  its  old  course. 

I  believe,  however,  that  these  changes  backward  will  be  only  partial,  and  that  when 
the  water  goes  down  a  substantial  advantase  will  have  been  gained.  Already  the 
river  has  out  away  the  point  of  land  at  A  355,  and  now  runs  nearly  straight  from  a 
point  below  Squaw  Crees  across  the  bar  below  A  356  to  a  point  just  above  the  Ne- 
hrtska  Island  Slough,  where  considerable  erosion  has  taken  place. 

The  erosion  around  Eastport  Bend  has  been  less  than  usual,  no  serious  damage  has 
been  done,  and  Eastport  is  snfflcientlv  safe  for  this  season. 

The  mattress  work  at  Walnut  Creek,  although  it  stood  the  pressure  of  the  entire 
rirer  under  direct  flow  for  some  time  after  the  April  rise,  remains  in  good  condition. 
The  mattress  work  at  Lambert's  Orchard  was  in  good  shape  after  the  April  rise  and  up 
to  the  Ist  €i  June,  and  at  that  time  the  shore  line  above  and  below  it  for  a  oonsidera- 
hie  distance  had  cut  to  a  fair  line,  and  it  should  have  been  extended  according  to  the 
original  intention.  Meantime  the  bar  opposite,  which  previously  had  thrown  the  im- 
pMt  of  the  river  into  the  bank  near  Wanbunsie  Creek  Slough,  had  cut  away,  allow- 
ing direct  flow  against  the  work  with  boils  and  a  strong  current  similar  to  what  waa 
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enconntered  at  Eastport  Point  last  seaaon.  The  main  body  of  the  work  stood  this  di- 
rect action  well.  A  powerful  eddy  at  the  immediate  foot  cut  out  the  mattress  work 
from  below,  and  under  the  action  of  the  current  it  gradually  whipped  out  from  below 
or  unraveled  up  stream.  An  eddy  also  started  in  above  the  work  and  a  similar  whip- 
ping out  took  place  from  this  end,  accompanied  h^  an  occasional  rolling  up  of  tne 
mattress  in  considerable  masses.  At  the  present  writing  this  work  is  quite  destroyed, 
not  by  slipping  or  tearing  but  solely  by  the  action  of  the  two  ends. 

The  mattress  work  placed  on  Eastport  Point  last  seaaon  in  60  feet  of  water  is  ih 
good  shape  with  this  exception.  The  change  of  the  river  has  produced  40  or  more  feet 
of  deposits ;  the  strain  has  been  greater  than  the  mats  were  able  to  stand,  although 
specially  made  to  resist  strains  of  this  class,  and  in  many  places  they  have  parted  at 
the  crest  of  the  bank,  leaving  a  slight  gap  which  was  disclosed  by  the  heavy  storms  of 

Where  the  surface  portion  was  woven  on  the  system  described  in  Assistant  Yonge's 
report  to  you  for  1879  there  seems  to  be  enough  elasticity  or  stretch  to  allow  for  mod- 
erate settlement,  and  no  rupture  has  occurred. 

The  storms  in  May  were  very  severe  and  cut  benches  of  6  feet  depth  in  gumbo  bank 
and  back  20  or  more  feet  so  that  a  very  efficient  upper  bank  protection  is  required. 

The  sand  fence  has  thrown  up  a  remarkable  bank,  far  above  high-water  and  quite 
continuous.  A  portion  of  the  outer  end  was  cut  away  by  the  water  that  gathered  on 
the  bar  and  concentrated  at  that  point  in  its  escape.  The  grasshopper  frames  that 
were  placed  across  the  slough  were  quite  successful  in  accumulating  drift  and  thns 
gradually  closing  that  outlet.    A  small  channel  has  cut  through  t£e  fence  at  one 

Soint  where  the  oank  was  low.  The  old  sand  fence  on  the  island  bar  has  thrown  up 
unes  which  are  visible  at  a  long  distance. 

The  experience  of  this  year  is  veiy  encouraging.  I  know  of  no  failure  that  could 
not  have  been  turned  into  a  most  nnqualified  success  had  even  a  limited  amount  of 
money  been  available  so  late  even  as  the  Ist  of  June.  As  it  is,  the  advantages  gained 
are  believed  to  be  substantial  if  followed  up. 

The  present  system  of  appropriations  for  the  Missouri  River  cannot  be  too  stroi^ly 
condemned.  In  a  ffiven  piece  of  work  designed  to  effect  changes  in  direct  conflict 
with  the  forces  of  tne  river,  the  cost  cannot  be  foretold  with  certainty  any  more  than 
the  cost  of  a  battle.  If  the  money  available  is  limited  you  are  obliged  to  undertake 
that  which,  short  of  completion,  will  probably  result  in  total  rout.  If  an  assistant 
could  rely  on  the  money  being  at  hand  when  his  judgment  required  its  use,  it  is  safe 
to  say  that  a  given  improvement  could  be  effected  for  one-half  what  it  now  costs,  and 
in  many  cases  for  one-third,  for  too  often  the  auspicious  moment  is  past  when  the 
money  is  in  hand. 

Neither  can  the  lines  laid  down  in  the  project  of  to-day  and  the  plans  fbr  their  exe- 
cution be  always  followed  to-morrow,  except  in  the  most  general  way^  for  conditions 
change  demanding  a  different  treatment,  and  often  so  promptly  that  the  assistant 
must  be  left  solely  to  his  judginent  and  unhampered  by  restrictions  as  to  his  methods 
or  his  resources.  Such  restrictions  compel  him  to  the  defensive  rather  than  the  offen- 
sive^ to  fortify  rather  than  take  the  field. 

Limited  appropriations  compel  the  abandonment  of  that  part  of  the  project  above 
Wyoming,  aftnough  such  a  course  will  increase  the  ultimate  expense.  It  is  impossible 
to  work  safe  between  Jones's  Point  and  Wyoming,  and  secure  eany  results,  without  con* 
siderable  money.  It  is  possible  to  commence  on  the  bar  opposite  Neligh's  and  secme 
results  slower  and  with  more  expensive  works,  but  still  substantial  results  with  each 
appropriation  however  small,  and  it  may  be  tnat  the  river  above  will  not  become  in- 
tractable until  the  course  from  Wyoming  to  Nebraska  City  is  worked  out.  Then  this 
upper  reach  may  be  taken  in  hand,  an  ultimate  necessity  in  any  case. 

Ckmcluiions, — The  conclusions  in  regard  to  mattress  work  expressed  in  last  report 
have  been  fully  confirmed  this  season  and  applied  in  part. 

It  is  at  present  believed  that  mattress  woi^  to  resist  ffow  nearly  tangential  most 
be  of  about  120  feet  width  from  top  of  bank,  and  for  direct  flow  twice  the  depth  of 

germanent  strata,  and  continuous  in  all  cases.    It  should  be  much  stronger  tluui  any 
itherto  made,  and  not  liable  to  ravel  or  whip  out  as  is  the  woven  mattress.    Severe 
wave  action  must  be  provided  for. 

In  the  construction  of  a  strong,  thin,  and  flexible  continuous  mat,  a  substantial  ad- 
vance has  been  made  by  Assistant  Nier.  A  further  advance  would  be  to  weave  a  thin 
mat  on  a  strong  wire  net.  This  would  give  the  strength  desired  with  a  minimum  of 
brush,  and  it  would  not  be  liable  to  wnip  out ;  it  would  also  enable  the  rock  to  be 
secured  to  the  mat  before  sinking,  which  I  believe  to  be  an  absolute  necessity.  This 
need  not  increase  the  cost,  as  on  the  certainty  of  the  rock  being  properly  distributed 
and  absolutely  fixed  in  place,  not  more  than  two  or  three  pounds  to  the  square  foot 
would  be  requ^d. 

The  upper  bank  protection  is  still  the  difficult  part  of  the  problem.  Here  to  sue- 
cessftally  resist  wave  action  a  mattress  of  at  least  a  foot  thickness  will  be  required, 
and  probably  none  better  than  the  woven  mat,  woven  on  a  continuation  of  the  net  of 
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the  trnder- water  work,  will  be  found.  By  using  a  packing  of  hay  the  thickness  may 
be  reduced,  as  nothing  better  than  bottom  hay  nas  oeen  found  for  resisting  the  swash 
of  the  waves  through  a  mat.  This  bank  protection  should  be  laid  down  late  in  the 
fall  or  early  in  the  spring,  and  covered  in  with  earth  in  order  that  the  willows  of 
which  it  is  composed  may  grow  and  afford  a  permanent  upper  protection  when  this 
portion  of  the  mattress  has  decayed. 

The  bank  on  which  the  protection  is  laid  should  be  graded  not  less  than  3  to  1,  and* 
probably  this  can  be  done  cheapest  with  a  jet.    The  apparatus  necessary  can  be  readily 
adapted  to  sinking  piles  to  any  depth  and  inclination,  and  to  snagging,  and  thus  serve 
a  variety  of  purposes. 

The  chief  difficulties  of  mattress  work  on  the  Missouri  lie  in  the  mobile  nature  of 
the  material.  If  the  mat  is  weighted  too  heavy  it  settles  or  sinks  into  this  material, 
and  may  be  carried  bodily  out  by  the  viscous  now  of  bank.  If  too  light,  it  is  liable 
to  be  lifted  and  wrecked  by  the  current.  In  localities  the  bank  has  been  observed  to 
melt,  as  it  were,  and  run  out  through  the  interstices  of  the  mat,  leaving  hollow  spaces 
behind.  Again,  waves  have  even  run  through  well-made  mats,  cutting  out  benches 
on  vertical  faces,  not  observable  except  on  close  inspection. 

To  provide  for  some  of  these  difficulties,  the  mat  can  be  fastened  along  its  upper 
edge.  Then  the  sand  of  the  lower  strata  may  ooze  out  from  external  scour  without 
causing  an  undue  strain ;  but  when  this  action  proceeds  so  far  as  to  allow  the  upper 
crtrata  of  gumbo  to  break  away  in  large  masses  of  many  tons  weight,  it  is  not  easy  to 
make  a  construction  of  sufficient  strength.  This  difficulty  may  be  obviated,  in  part, 
by  very  flat  grading,  or,  better  still,  by  a  wide  berme  at  low- water,  if  it  be  feasible. 

All  these  troubles  are  greatly  multiplied  in  purely  local  works  subject  to  direct  flow, 
where  deep  scour  is  occasioned  in  part  by  the  revetment,  causing  a  slipping  of  the 
material  under  the  mat,  and  strains  not  easy  to  provide  for.  Most  of  the  work  put  in 
contemplates  flow  nearly  tangential,  and  to  secure  this  involves  a  complete  rectifica- 
tion from  some  point,  generally  of  bluff  contact,  at  which  the  river  is  likely  to  ran  for 
many  years. 

The  same  mobile  material  which  makes  revetment  difficult  makes  rectification 
comparatively  easy,  provided  the  constructions  are  placed  on  the  sites  of  causes,  or  at 
those  i>]aces  where  directions  may  be  determined^  rather  than  on  the  sites  of  effects. 
The  failure  of  nearly  everything  in  the  nature  oi  a  spur  or  wing- dam,  which  has  not 
been  raised  entirely  above  overflow,  has  been  quite  uniform,  for  the  reason  that  they 
are  generally  opposed  to  direct  flow,  and  seek  to  divert  the  course  of  a  stream  by 
damminff  or  obstructing  it  rather  than  by  directing  it.  After  a  high-water  it  is  fre- 
quently Toiind  that  the  bed  of  the  stream  is  raised  to  the  level  of  the  dike  or  spur,  the 
channel  taking  its  old  course,  which  may  be  oter  or  through  the  construction.  Over 
Boehmer's  Dike,  which  was  but  700  feet  long,  for  two  seasons  the  water  ran  with  a  fall 
of  6  to  8  inches,,  not  over  3  feet  depth  existuig  outside  its  limits  at  low- water  stage. 
Yet  with  this  head,  and  ample  opportunity  to  run  outside  or  take  the  chute,  the  river 
persisted  in  thia  course  until  changes  above  threw  its  direction  outside  the  dike, 
pien,  in  the  space  of  two  weeks,  the  dike  and  nearly  50  feet  of  water  was  entirely 
^Iled  in  beneath  a  sand-bar,  and  from  causes  which  it  was  powerless  to  influence. 

By  working  from  crossings  or  convex  fronts  in  easy  directions,  these  difficulties  may 
be  largely  avoided.    A  dike  construction  on  a  concave  face  alters  no  cause,  and  its 
Qtility  is  problematical.    Its  success,  if  any,  is  due  to  main  strength,  and  lasts  nnti 
that  strength  is  exhausted,  or  until  nature  herself  ameliorates  conditions  above. 

For  g^eneral  use  it  is  thought  a  curtain  of  wire  alone,  or  a  wire  net  with  meshes  oi 
^  to  15  inches,  depending  on  the  stage  of  water,  will  be  found  best  and  cheapest.  This 
net  should  be  made  and  placed  continuously,  which  is  not  difficult.  Its  lower  edge 
may  be  anchored  with  ro6k  wired  on,  and  its  upper  edge  sustained  by  a  wire  rope  sus- 
pended from  piling  where  the  water  is  not  too  deep,  or  otherwise  by  buoys. 

The  advantage  of  piling,  which  need  not  be  more  expensive  than  buoys,  is  that  the 
net  cannot  creep  down,  and  it  may  be  sustained  near  the  level  of  high-water,  so  that 
it  can  be  placed  during  a  moderate  stage,  and  in  anticipation  of  a  rise.  The  April 
rile  probably  moves  more  material  locaUy  and  initiates  greater  changes  than  all  sub- 
^uent  high-water.  It  is,  however,  so  sudden  and  violent  and  short  in  duration  that 
tojoroperly  utilize  it  requires  works  previously  placed. 

There  are  manv  situations  also  where  mattress  work  sustained  by  piling  could  be 
placed  advantageously  at  once,  as  along  a  half-developed  channel,  where  it  would 
be  clearly  inexpMient  otherwise.  The  Jet,  presenting  as  it  does  a  cheap  and  in  fact 
the  only  way  in  which  piling  may  be  sunk  in  Missouri  sands  to  adequate  depths  and 
to  any  angle,  becomes  at  once  an  essential  apparatus. 

A  hydnialic  engine,  capable  of  throwing^  a  very  large  volume  of  water  under  con- 
siderable pressure  for  the  purpose  of  assisting  and  directing  erosion,  trimming  up  the 
inegulatities  of  shore  lines  to  be  reveted,  cutting  out  bars  and  channels,  snagging, 
quarry  stripping,  Slc,  is  thought  to  be  an  engine  of  immense  possibilities,  andto  be 
conaiaered  aa  p«rt  of  the  plant  in  any  systematic  scheme  of  improvement. 
There  is  one  important  thing  to  be  arrived  at,  viz,  rapidity  of  execution  on  short 
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notice,  and  with  few  men.  Cheapness  may  follow,  bat  it  is  too  often  deoeptire  when 
not  coupled  with  rapidity.  To  secure  these  objects  requires  as  much  of  the  materisl 
as  possible  to  be  kept  in  stock  and  in  readiness.  This  is  possible  in  every  detail  of 
wire-net  or  curtain  dikes,  which  may  be  placed  at  the  rate  of  1,000  feet  per  day  if  de- 
sired, and  at  a  cost  of  25  to  50  cents  per  foot.  With  mattress  work  it  is  possible  to 
keep  aU  the  material  on  hand  except  the  brush,  of  which  the  plan  requires  a  mini- 
mum, and  it  is  believed  it  may  be  placed  at  the  rate  of  500  feet  per  day,  and  at  a  cost 
of  |1  to  $1.50  per  linear  foot  for  widths  of  100  to  125  feet. 

I  desire  to  express  my  appreciatioji  of  the  services  of  Mr.  A.  S.  Pott<er,  who,  while 
exercising  a  certain  general  supervision,  was  in  immediate  charge  of  mattress  work 
and  general  experiments. 

To  Mr.  F.  M.  Harris,  who  had  immediate  charge  of  the  development  of  curtain  aud 
wire-net  construction,  much  credit  is  due,  as  in  constructions  so  novel  he  had  continu- 
ally to  work  against  the  prejudices  of  practical  foremen  and  laborers. 

1  take  pleasure  in  commending  the  services  of  F.  W.  Tuttle  and  L.  E.  Cooley  on 
surveys,  and  of  Mr.  C.  F.  Potter  on  miscellaneous  duties.  • 

I  am,  migor,  very  respectfully,  your  obedient  servant, 

L.  E.  CoOLEY. 

M%i.  CUAS.  R.  SUTER, 

Corps  of£ngineer9y  V,  S,  J. 
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NOTES  OF  ILLU8TRATIOX8. 

The  main  report  is  sufficient ly  descriptive  of  sketch  No.  1. 

In  sketch  No.  2  the  channel  shifted  position  at  Boehmer's  Dike  in  the  htgh>water  of 
1677,  occnpyittg  at  the  time  of  the  confttruotion  of  the  dike  very  nearly  the  position 
flihown  for  1878.  The  bar  above  had  also  retreated,  and  the  large  bar  boundini^  Walnnt 
Creek  ohnte  reached  the  1878  limit  before  the  dike  was  completed. 
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In  the  high-water  of  1879,  the  channel  abandoned  the  dike,  taking  the  pofldiion 
shown  in  sketch  No.  3.  The  cause  of  this  change  and  it«  reason  for  not  going  fbrther 
is  explained  in  the  report. 
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lu  making  the  change  the  channel  at  first  took  the  course  illustrated  in  the  ad- 
joining sketchy  coming  down  nearly  to  Sqnaw  Creek  and  then  crossing  squarely  over 
to  a  point  abont  1,200  feet  above  the  dike,  where  considerable  bank  erosion  took  place. 
This  donble  fold  or  reverse  moved  bodily  down  stream,  and  finally,  in  the  coorae  of 
two  or  three  weeks,  it  straightened  out  m  the  course  shown  for  1879,  abandoning  the 
dike  and  the  47  feet  of  water  behind  it,  which  was  filled  up  to  the  top  of  the  water  in 
the  course  of  a  fortnight.  This  donblins  or  reversing  of  the  channel  was  noticed 
also  in  the  changes  which  occurred  in  1880,  causing  extensive  erosion. near  ^  356. 
This  channel  has  also  partly  straightened  out,  but  in  a  contrary  direction,  as  the  forces 
alK>ve  have  not  persisted  until  the  change  initiated  was  carried  through  to  its  legiti- 
mate conclusion. 

Similar  phenomena  have  been  observed  at  other  times,  and  it  is  thought  to  be  the 
method  of  working  in  extensive  channel  changes. 

Piufe  L  Mattress  constmoiions, — ^Fi^.  1,  k  and  B,  elevation  and  plan  of  boat.  This 
construction  possesses  no  special  merit.  It  was  necessary  to  give  considerable  length 
to  the  ileedles  in  order  to  provide  deck  room.  The  boat  once  upset  or  turned  on  edge, 
doing  no  particular  damage,  however.  Afterward  a  barge  was  lashed  to  the  rear 
gunwale. 

Figs.  2  and  3  illustrate  the  manner  of  starting  the  mat  (e),  the  way  in  which  it  hung 
from  the  boat  (a),  the  system  of  lines  (b),  and  the  position  when  laid  (IMg.  3). 

Fig.  4,  a  and  h,  illustrate  the  tension  device,  which  was  secured  to  the  rear  gunwale. 
This  was  made  of  2^^'  gas-pipe  with  cast  spools  of  capstan  form,  about  which  the  ten- 
sion lines  passed.    It  was  found  that  no  other  form  of  spool  wonld  clear  the  line  freely. 

PlaU  II,  Curtain  oonstruotian, — Fig.  1,  a  and  h,  shows  the  ways  on  which  the  cur- 
tains were  constmcted,  the  manner  of  producing  tension  in  the  wires,  and  a  curtain 
partly  rolled  up.  Fig.  2,  a  and  b,  shows  the  wheel  and  awl  used  in  making  the  twist 
a  fastening;  c  shows  the  manner  in  which  the  wires  are  fastened  together,  which  has 
been  often  misconceived,  and  d  shows  a  section  of  curtain  as  thus  fastened  bv  parallel 
wires.  The  coustntcti  ve  merit  of  the  curtain  consists  largely  in  this  twist  or  fastening, 
which  is  efficient  and  reliable. 

Fig.  3,  a  and  ft,  illustrates  the  position  of  the  tumbling  beam  and  the  curtain  anchors 
as  suspended  thereto ;  and  Fig  4,  a  and  2>,  illustrates  the  system  of  lines  and  successive 
positions  of  the  barges,  and  a  curtain  before  and  after  launching.  Owin^  to  the 
square  sides  of  the  barges  the  drag  on  the  moorings  was  ver^  severe.  A  special  baige 
with  curved  sides  would  be  comparatively  easy  and  safe  on  its  moorings. 

Fig.  5  illustrates  the  successive  positions  of  the  curtains  in  an  assumed  dike.  Fi^. 
6,  a  and  h.  represents  the  modified  tyi>e  of  Chinese  anchors,  devised  after  much  experi- 
ment witn  other  kinds. 

Flff*  7  illustrates  the  form  of  wire  net  actually  made  and  placed,  the  action  of  which 
haa  Seen  previously  described.  Fig.  8  illustrates  the  manner  of  making  an  hexagonal 
m  esh,  or  one  approximating  thereto.  It  consists  simply  of  a  board  or  template,  through 
which  the  wires  pass.  The  size  of  the  meshes  may  be  regulated  by  the  distance  apart 
of  the  holes  in  the  template  and  by  the  distance  the  template  is  moved  for  each  series. 
If  the  mesh  required  is  large,  two  templates,  carrying  alternate  wires  and  moving 
alternately  in  opposite  directions,  and  again  in  same  directions — a  half  mesh  for  each 
series — may  be  used.  Since  the  general  form  of  Fig.  8  was  devised,  it  has  been  put  in 
use  by  Mr.  Harris,  at  Omaha,  under  assistant  Davis,  substantially  as  described. 

It  is  a  fact  not  previously  noted  that  a  curtain  dike  does  not  cut  out  at  the  imme- 
diate end  as  it  progresses.  The  flow  of  water  being  so  free  immediately  back  of  the 
end,  for  the  time  being,  the  curtains  arc  to  a  certain  extent  protected  until  they  com- 
mence to  load  up. 

Plate  III.  Jet  Piling, — Fig.  1  illustrates  the  arrangement  of  derrick  employed  for  ex- 
perimental work,  and  Fig.  2  the  manner  of  preparing  the  butt  end  or  foot  of  the  pile, 
in  order  to  produce  a  three-fourths-inch  jet  or  now  in  the  direction  of  the  axis.  Fig. 
3  shows  the  general  arrangement  of  piling  for  supporting  a  mat.  Not  enough  of  tlus 
work  was  done  to  furnish  a  basis  for  a  fair  estimate  of  cost,  but  it  is  believM  that  for 
mattress  work  it  would  not  greatly  exceed  that  of  properly  grading  heavy  banks,  and 
fi)r  curtain  work  that  of  wooden  or  box  buoys. 

L.  E.  COOLBY. 


Q    12. 
IMPROVEMENT  OF  MISSOURI  RIVER  AT  PLATTSMOUTH,  NEBRASKA. 

A  general  plan  tor  improving  the  Missouri  Biver  in  this  vicinity  was 
gabmitted  to  you  under  date  of  January  30, 1880,  and  published  as  Sen- 
ate Sx.  Doc  No.  77,  Forty-sixth  Congress,  second  session. 
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» 

With  the  appropriation  now  available  work  will  be  begun  in  the  vicin- 
ity of  Plattsmouth  and  pushed  as  far  as  the  funds  available  will  allow. 

This  work  is  in  the  collection  district  of  New  Orleans,  and  the  nearest  port  of  delivery 
is  Omaha,  Nebr.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Amonnt  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  vf'ar  ending  June  30, 
18i?0,  was  13,605.21. 

Momy  atatemenU 

Amount  appropriated  bv  act  approved  June  14,  l^SO |10, 000  OO 

July  1,  ItWO,  amount  available 10.000  60 

Amonnt  (estimated)  required  for  completion  of  existitig  project 490,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1?582.  200,000  00 


Q  13- 

IMPROVEMENT  OF  MISSOURI  RIVER  AT   COUNCIL   BLUFFS,  IOWA,  AM> 

OMAHA,  NEBRASKA. 

At  the  date  of  my  last  annual  report  work  was  in  active  progress  at 
this  place,  extending  the  bank  revetments  and  works  of  channel  rectifi- 
cation. During  the  season  the  work  made  satisfactory  progress.  A 
total  of  5,550  feet  of  bank  revetment  was  constructed,  of  which  700  feet 
was  a  woven  mattress,  similar  to  that  used  at  Vermillion,  Dak.  This 
was  an  extension  of  the  lower  end  of  the  Omaha  revetment.  The  Iowa 
revetment  of  1878  was  extended  down  stream  2,650  feet.  In  this  work 
a  novel  form  of  continuous  mattress  was  used.  It  was  built  from  a  float- 
ing ways,  which  were  drawn  out  from  under  the  mattress  as  fast  as 
lengths  of  40  to  60  feet  were  completed.  The  willow  brush,  of  which  it 
was  composed,  was  not  woven,  but  was  se^^ed  on  to  continuous  lengths 
of  wire,  which  furnished  the  longitudinal  strength  required.  The  thick- 
ness was  about  8  inches  and  the  width  95  feet  from  the  water's  edge. 
The  upper  bank  protection  was  a  woven  mattress. 

The  upper  portion  (1,200  feet)  of  the  Iowa  revetment  of  1878  having 
been  carried  away  by  a  change  in  the  channel  in  the  bend  above,  it  was 
decided  to  take  advantage  of  this  accident  and  adopt  a  new  shore  liD« 
more  favorable  to  the  lower  work.  To  prevent  too  great  a  recession  of 
the  shore  line,  a  woven  revetment  2,200  feet  long  was  constructed  on  the 
surface  of  the  ground  above  the  old  work,  it  being  expected  that  wheo 
this  mattress  was  reached  by  the  river  it  would  fall  in  and  protect  the 
bank.  This  object  was  in  a  measure  realized,  though  the  difficulties 
and  cost  were  greater  than  anticipated. 

In  the  way  of  channel  rectification  there  was  not  much  accomplished. 
The  weed  dike  described  in  my  last  report  was  perfectly  successful,  as  was 
also  a  600-foot  dike  of  the  same  character  put  in  for  temporary  purposes 
near  the  head  of  the  old  Iowa  revetment.  In  the  spring  of  1880  it  was 
deemed  necessary  to  extend  the  work  into  the  bend  below  Florence^ 
where  the  channel  changes  had  occurred  that  caused  the  damage  tc 
the  Iowa  revetment.  A  floating  dike  was  built  here  800  feet  in  length 
composed  of  a  continuous  wire  curtain,  or  screen,  having  large  open 
meshes. 

The  width  of  the  curtain  was  30  feet ;  one  edge  was  anchored  and 
the  other  buoyed.  This  screen  was  expected  to  catch  the  smsdl  floating 
drift  and  thus  accumulate  sufficient  surface  to  make  .it  an  efficient  cur- 
rent arrester.  The.  meshes  were^diamond-8hai>ed,  with  diameters  of  16 
inches  and  24  inches,  the  latter  vertical.    A  hexagonal  mesh  of  10  inches 
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diameter  was  also  used.  The  experiment  was  perfectly  successful  as  far 
a6  carried  out,  but  funds  were  lacking  to  foUow  it  up.  The  mesh  used 
proved  much  too  small  and  arrested  so  much  material  as  to  drag  the 
curtain  under  water  before  its  full  effect  had  been  produced. 

All  the  work  remains  in  a  very  satisfactory  shape  and  the  present 
appropriation  will  be  expended  in  further  prosecution  of  the  general 
plan.  For  information  concerning  the  details  of  the  work,  I  be^  to  refer 
to  the  accompanying  very  interesting  report  of  Assistant  C.  S.  Davis, 
who  had  charge  of  the  work. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  deliveiy  is  Omaha,  Nehr.    The  nearest  fort  is  at  Leavenwortn,  Kans. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
leeO,  was  13,605.21. 

Money  statement, 

Jnly  1,  1879,  amount  available $39,735  82 

Amoant  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$59, 735  82 

Jaly  1,  1880,  amount  expended  during  fiscal  year 38,391  31 

July  1,  1880,  amount  available 21,344  51 

Amount  (estimated)  required  for  completion  of  existing  project 60, 000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  enmng  June  30, 1^:^ .    60, 000  00 


SEPORT  OF  MR.   CHSSTER  B.   DAVIS,  ASSISTANT  ENGINEER. 

Council  Bluffs,  Iowa,  July  19,  1880. 

Major  :  I  have  the  honor  to  submit  the  following  report  concerning  the  work  of 
improving  the  Missouri  River  in  the  vicinity  of  Omaha,  Nebr.,  and  Council  Blufib, 
Iowa,  for  the  year  ending  June  30,  1880.  The  work  is  described  under  the  following 
heada: 

I.  Floating  dike  near  Union  Pacific  Railway  Shop. 
II«  Floating  dike  at  the  head  of  the  Iowa  revetment  of  1878. 

III.  Hydraulic  bank  grading. 

IV.  Extension  of  the  Omaha,  Nebr.,  revetment. 
V.  Extension  of  the  Iowa  revetment  downstream. 

VI.  Surface  mattress. 
VII.  Floatinjr  curtain  dike  at  Tarbox  Point,  1880. 

Previous  to  September  1,  1879,  all  work  executed  was  in  accordance  with  the  plan 
first  proposed  and  approved,  with  this  modification.  Instead  of  attempting  to  cut  the 
point  ot  the  Iowa  shore  opposite  the  smelting  works  back  to  an  easT  curve  from  the 
lower  end  of  the  Iowa  revetment  of  1878  to  the  Union  Pacific  Railway  Bridffe,  an 
jittempt  was  made  to  cause  the  river  to  take  a  curve  at  this  place,  having  a  radius  of 
4y500  feet. 

A  change  in  the  plan  for  the  whole  vicinity  except  along  the  Omaha  Cit^  front  was 
necessitlited  by  the  serious  changes  in  the  shape  and  condition  of  the  nver  which 
occured  during  the  summer  hish-water. 

The  revetment  of  the  Iowa  shore  during  1878  was  stopped  at  a  point  about  one  mile 
al>ove  the  mouth  of  Iowa  Lake^  and  for  some  reason  no  attempt  was  made  to  secure 
tbe  head  of  the  work  from  being  flanked  by  the  river,  probably  because  the  main 
ctumnel  of  the  river  was  to  the  west  of  Willow  Island  and  the  foot  of  the  crossing 
below  the  head  of  the  revetment. 

During  the  hi(^h- water  and  its  subsidence,  the  discharge  through  this  chute  was 
thrown  almost  directly  against  the  Iowa  shore  at  the  above  place.  By  September  1, 
about  1,200  feet  of  the  revetment  had  been  carried  away,  and  a  poclKet  over  a  mile 
long  and  having  a  maximum  width  of  about  800  feet  was  cut  iuto  the  shore.  Leaving 
this  pocket  the  channel  crosse<l  to  the  Nebraska  shore,  eroding  it  severely  until  it 
crossed  back  to  the  Iowa  side  below  the  revetment  in  front  of  which  a  large  sand  bar 
bad  formed.  Although  its  effects  upon  the  work  of  1878  in  its  vicinity  were  very 
severe,  the  change  furnished  the  foundation  of  a  mach  better  plan  of  improvement, 
tbe  points  wherein  it  differs  from  the  old  plan  being  briefly  stated  as  follows:  1st.  {a\ 
Instead  of  continuing  the  Iowa  revetment  of  1878  as  far  north  as  the  Chicago  ana 
JS'orthwestem  Railroad  dikes,  it  contemplates  continuing  the  erosion  in  the  above- 
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OMniioned  pockety  until  the  shore  reaehea  the  line  proposed,  and  lOTettinff  along  thift 
line,  (h)  Gontinning  the  bank  in  a  diseetion  tai^ent  to  the  lower  end  of  the  poplut 
throngn  as  long  a  straight  reach  as  can  be  maintained  therOi  allowing  the  channel  to 
follow  an  easy  cnrve  around  to  a  point  in  the  vicinity  of  the  smelting  works,  (c)  Ex- 
tending the  Iowa  revetment  a  sufficient  distance  down .  stream  to  protect  the  shore 
from  cutting  which  would  occur  in  making  the  changes  above»mentioned  (i). 

2d.  Executing  such  work  as  would  hold  the  river  in  the  pocket  near  Flovanoe  Lake 
and  make  a  crossing  to  the  Iowa  shore  immediately  upon  leaving  the  pocket,  thus 
holding  it  away  from  the  chute  back  of  Willow  Island,  and  bringing  it  by  an  eaay 
cnrve  mto  the  pocket  below  the  Chicago  and  Northwestern  Railroad  mkes. " 

FLOATING  DIKE  NEAR  UNION  PACIFIC  RAILWAY  SHOPS. 

The  esftension  of  this  dike  was  the  first  work  of  the  year.  It  was  complete  July  10. 
The  eddy  which  formed  at  its  lower  end  being  quite  severe,  a  short  spur  was  built  ont 
from  the  shore,  through  its  center,  which  had  the  effect  of  breaking  itup  and  facilitating 
the  filling-in  process  oaok  of  the  main  dike.  As  the  work  was  done  mainly  during  the 
June  rise,  much  of  i<r  in  a  depth  of  water  of  45  to  50  feet,  and  in  a  velocity  of  over  8 
miles  per  hour,  it  was  difficult  and  expensive.  The  results,  however,  were  very  sat- 
isfactory. I  noted  a  filling  in  of  about  25  feet  near  the  lower  end  in  twelve  davs.  By 
September  1,  the  ^hore  had  been  built  out  150  feet  beyond  the  head  of  the  dike,  and 
even  with  its  lower  end,  it  being  remembered  that  the  dike  was  curved  to  a  radios  of 
4,500  feet.  A  description  of  its  construction  was  given  ^n  my  report  to  July  1, 1879, 
and  need  not  bo  repeated  here.  The  imperfect  action  of  the  weed  was  clearly  shown 
in  this  work  by  the  deposit  being  anything  but  nnitbrm  in  its  depth.  It  being  impos- 
sible to  space  the  weeds  exactly  right  with  reference  to  the  velocity  of  the  cunent, 
the  spaces  which  were  larger  than  proper  were  forced  wider,  and  until  it  was  foand 
that  the  whole  deposit  was  cut  up  by  channels  varying  in  depth. 

Another  fault  is  found  in  their  failing  to  stop  the  current  at  the  bottom  of  the 
river.     Both  of  these  defects  retard  the  deposits  greatly. 

The  serious  changes  occuring  during  Julv,  18721,  at  the  head  of  the  Iowa  revetment 
of  1678,  and  causing  an  entire  change  of  the  plan  of  improvement  of  the  Iowa  side, 
and  above  this  dike  so  that  the  revetment  has  been  left  uncared  for.  A  portion  of  the 
shore  formed  by  it  has  been  cut  away. 

FLOATING  DIKE  AT  THE  HEAD  OP  THE  IOWA  RE\'ETMBNT  OF  1878. 

As  soon  as  the  new  plan  of  improvement  was  approved  the  cutting  at  the  lower  end 
of  the.  pocket  above  the  Iowa  revetment  having  stopped,  a  600-foot  dike  waa  buUt  oot 
from  this  point  during  October,  1^9,  with  a  view  of  protecting  and  buildine  np  the 
bar  along  the  Iowa  shore  and  of  forcing  the  water  against  the  Nebraska  snore  op- 
posite to  produce  a  heavier  and  more  rapid  erosion.  Its  effect  was  quite  marked  in 
each  case.  A  filling  of  5  to  6  feet  occurred  very  rapidly,  and  extended  ont  to  near  the 
end  of  the  dike^  while  along  the  Nebraska  shore  the  cutting  increased  until  sufficient 
room  was  obtamed  to  allow  the  river  to  curve  without  producing  much  pressure  on 
the  banks  where  it  slopped  except  during  a  favorable  wind. 

No  attempt  was  made  to  build  the  dike  after  a  new  or  improved  method.  Its  prob- 
able length  of  life  was  small,  and  there  were  **  weeds"  and  other  materials  on  nand 
sufficient  for  the  work,  which  had  been  left  over  from  other  and  similar  work.  Tbe 
efficiency  of  the  dike  was  considerably  impaired  by  unknown  parties  stealing  tbe 
buoys.  Those  which  did  itot  go  in  this  manner  were  either  earned  out  by  the  ice  or 
cut  off  and  saved.    The  cost  per  foot  was  as  follows : 

Rock |0  15H- 

Weeds % 81-i- 

Buoys 12+ 

Wire 06-f 

Labor  and  superintendence 77 

Total  cost  perfect 1  91  + 

Total  cost,  $1,150. 

The  dike  was  built  in  a  4-mile  to  4i-mile  current,  and  at  an  angle  of  from  15^  to  25^  with 
it.  It  was  intended  that  this  dike  should  be  rebuilt  and  extended  to  1,500  feet  durinfr 
the  spring  just  passed,  but  a  sufficient  amount  of  funds  not  being  available,  the  pro- 
ject WAS  abandoned  until  a  later  date. 

EXTENSION  OF  THE  OMAHA  REVETMENT. 

The  revetment  of  the  Omaha  city  front  during  1878  was  stopped  at  a  place  1,700  feet 
north  of  the  Union  Pacific  Railway  bridge.    The  plan  of  improvement  for  that  vicin- 
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ity  contemplates  its  extension  along  a  line  passing  just  outside  of  the  second  west  pier^ 
and  as  far  below  the  bridge  as  may  be  reauired.  A  considerable  amount  of  cutting  is 
needed  in  order  to  get  the  shore  back  to  this  line.  A  distance  of  705  feet  was  all  toat 
could  be  gotten  in  condition  for  the  work  during  the  year,  and  a  revetment  consisting 
of  a  oonmiuoiis  woven  willow  mattress  was  placed  there  during  October,  1879. 

A  eomparison  of  different  surveys  in  the  vicinity  shows  that  the  head  of  the  cross- 
intt  is  moving  down  stream  firom  500  to  700  feet  per  year,  so  that  in  1882  it  would  natu- 
rally  arrive  at  the  desired  place,  at  least  500  feet  below  the  bridge.  In  order  that 
boats  may  pass  the  bridge  safely,  the  crossing  must  be  wholly  below  it,  and  the  angle 
between  the  bTidse  line  and  the  axis  of  the  stream  as  near  90°  as  possible.  At  pres- 
ent this  angle  is  about  60°.  When  the  proposed  improvement  is  completed,  the  angla 
will  be  increased  to  75^,  giving  a  clear,  open  water-way  between  the  piers  of  2*420  feet. 
The  spans  of  the  bridge  are  250  feet  each,  and  the  greatest  available  water-way  is  240^^ 
feet  for  each. 

The  woven  mattress  used  was  very  similar  to  the  form  used  earlier  in  the  year  at 
Sioux  City  and  Vermillion.    The  dimensions  were : 

VTidth  on  sloping  bank T ^  30  feet  to  40  feet. 

Width  under  water 60  feet. 

Length 705  feet. 

Thickness,  net  8  inches • 12  inches  gross. 

Total  width,  average  .* 95  feet. 

Total  square  feet 66,976 

The  connection  with  the  old  work  was  made  by  lapping  the  new  mattress  60  feet 
on  to  it  and  sinking  it  securely  by  rock  wired  on  to  its  upper  end. 

The  cost  of  the  work  per  foot  of  shore  was  $2.95,  or  about  |1  per  foot  more  than  such 
work  can  be  done  for  under  favorable  conditions.  This  difference  is  due  to  the  small 
amount  of  the  work  done  (700  feet),  the  difficulty  in  getting  rock  and  brush,  it  hav- 
ioe  to  be  hauled  part  of  the  way  and  boated  the  rest,  and  to  the  difficulty  experienced 
in  Keeping  weavers  after  teaching  them  the  work.  A  detailed  statement  of  the  cost 
of  eacn  part  of  the  work  would  be  of  no  practical  value  in  estimating  on  similar  work. 
The  banks  were  graded  partly  by  the  use  of  picks  and  shovels  and  partly  by  a  hydraulic 
method  described  farther  along.  (The  slope  adopted  was  5  horizontal  to  2  vertical). 
The  shore  portion  of  the  mattress  was  welt  covered  with  earth  after  it  was  completed. 
The  work  is  now  in  most  excellent  condition. 

EXTENSION  OF  THE  IOWA  REVETMENT  DOWNSTREAM. 

During  the  summer  and  fall  of  1879,  owing  to  changes  occurring  farther  upstream, 
the  channel  of  the  river  was  forced  against  this  shore  Just  below  the  Iowa  revetment, 
and  a  large  amount  of  the  bank  was  cut  away.  As  the  work  of  cutting  awav  tihe 
Nebraska  shore  would  increase  this  tendency  to  cut,  and  as  its  continuance  would  be 
(omewbat  injurious  to  the  general  plan  of  improvement,  it  was  decided  to  protect  a 
portion  of  this  bank  by  means  of  a  li^ht  revetment.  The  effect^  if  allowea  to  cut, 
would  be  to  relieve  the  cutting  where  it  was  greatly  desired  that  it  should  occur,  and 
slflo  to  increase  the  curvature  of  the  bend  below  the  pocket  forming. 

Work  was  commenced  November  1, 1879,  and  the  mattress,  which  was  continuous, 
was  formed  by  sewing  together  by  wire  layers  of  willow  brush  as  described  below. 
The  bank  was  sraded  to  a  slope  of  3  in  5,  a  jiortion  being  done  by  hand,  but  the  most 
by  the  hydraulic  method.  Brush  was  obtained  fhim  the  river  bank  below  the  bridge, 
the  average  length  of  haul  being  about  4^  miles,  and  a  large  portion  of  the  rock  came 
from  the  quarry  distant  about  7^  miles. 

The  mattress  was  built  upon  and  launched  f^m  a  mattress  boat,  a  drawing  of  which 
and  photographs  giving  two  views  accompany  this  report. 

The  mattress  boat  consisted  essentially  of  a  set  of  eight  trussed  "  wiurs"  supported 
by  two  8COWS.  The  ways  proper  upon  which  the  mattress  was  made  form  t^e  upper 
chorda  of  the  trusses,  and  are  of  6  dv  6  inches  clear  pine.  The  posts  are  also  of  6  oy 
6  inches  pine.    The  lower  chords  and  ties  are  2  by  10  inches  pine. 

At  "a^  is  seen  the  flooring  upon  which  the  men  worked  while  sewing  and  distrib- 
uting the  brush,  and  at  **a^^  the  walk  for  brush-passers,  kept  from  from  ^ding 
down  the  ways  by  1-inch  pins. 

The  800WS  had  a  depth  of  hold  of  3  feet,  and  were  00  fleet  long.  The  up  stream  one 
having  the  greater  load  to  carry,  was  15  feet  9  inches  wide ;  the  other  was  12  feet  wide. 
The  former  was  provided  with  a  rounded  apron  for  its  whole  length  to  facilitate  in 
launching  the  work.  The  whole  weight  of  the  trusses  and  their  load  was  supported 
from  the  sides  of  the  scows  as  follows ;  To  the  sides,  directly  under  each  truss,  were 
bolted  aprisht  pieces  of  4  by  6  inch,  and  a  2  by  6  inch  strip  was  nailed  to  these,  the 
whole  length  oi  each  side  8  inches  below  the  top.  On  these  strips  and  nailed  to  up- 
right pieces,  were  plaoed  double  2  by  10  inch  floor  Joist  notched  2  inches  near  their 
ends  to  being  them  flush  with  the  deck. 
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The  trasses  at  their  points  of  support  were  provicted  with  rough  boxes  setting  on 
rounded  bearing  (supported  by  floor  joist)  in  oraer  that  the  structure  might  acoommo- 
date  itself  easily  to  the  varying  load  during  launching,  which  often  changed  the 
drauffht  of  the  up  stream  10  inches  to  12  inches.  This  bearing  in  the  up-stream  boow 
was  f  of  the  width  (12  feet)  from  the  outer  edge  of  the  scow,  and  was  placed  bo  in 
order  to  balance  the  overturning  tendency  of  the  mattress  as  it  rested  on  the  apron. 

In  the  other  scow  this  point  is  1  foot  back  of  the  center,  and  balances  the  overtuin- 
ingmoment  due  to  the  bridging  between  the  scows. 

The  posts  of  this  bridging  were  made  up  of  two  2  by  10  inch  ^oist  separated  4 
inches  at  their  centers,  and  tneir  ends  were  neld  in  sockets  at  the  sides  of  the  scows 
by  pins,  thus  completing  the  hinged  system  ^which  allowed  it  to  accommodate  itself 
to  any  distribution  of  load. 

Tlie  separate  trusses  were  secureW  braced  laterally  and  their  upper  ends  mortised 
into  a  6  by  0  inch  nine  cap-piece.  To  this  cap  were  lashed  9  iron  sheaves  (^'  hay-fork 
pulleys  ")  on  which  were  run  the  main  wires  of  the  mattress,  the  wire  reels  bemg  in 
the  back  scow,  as  shown.  The  trusses  were  placed  8  feet  apart,  as  long  brush  wie 
abundant,  but  a  much  better  result  woul^  have  been  obtained  had  the  spacing  been 
reduced  to  5  feet.    The  slope  of  the  top  chord  was  4  horizontal  to  1  vertical. 

With  wiUow  brush  it  was  found  to  be  difiBcult  to  make  a  thin  mattress  on  this  slope, 
as  the  brush  slides  down  it  and  crowds  closely  together.  Better  results  would  have 
obtained  from  a  slope  of  1  vertical  to  5  or  5^  horizontal. 

The  construction  of  the  mattress  was-  as  follows :  At  right  angles  to  the  **  ways" 
and  to  the  shore  was  placed  a  very  thin  layer  of  the  longest  brush.  On  this  was  laid 
a  filling;  of  from  4  to  6  inches  of  small  willows,  and  above  all  wasplaced  a  third  layer 
consistmg  of  the  longest  willows,  laid  parallel  with  the  first  ones.  This  done,  t^e  whole 
mass  was  sewed  along  the  main  wires,  located  as  described  above,  by  Ko.  14  wires,  the 
stitch  being  the  one  shown  in  the  sketch. 


N9  14  WIRE 
N?.  9   WIRE 


The  stitches  wero  about  15  inches  long  and  the  two  wires  were  securely  fastened 
together  eveiv  few  feet.  During  the  sewiug  the  No.  14  wire  was  held  on  a  double 
pomted  shuttle  of  elm  30  inches  long,  as  shown  by  sketch. 


The  mattress  was  made  in  sections  of  from  40  feet  to  60  feet,  and  was  launched  to 
the  water's  edge  by  simply  pulling  the  boat  £rom  beneath  it  down  stream.  The  best 
day's  work  was  300  feet,  but  the  maximum  capacity  would  probably  be  400  to  450  feet 
per  day,  could  a  sufficient  supplv  of  brush  be  furnished. 

It  was  at  first  intended  that  the  mattress  proper  and  the  shoro  or  hiffh-wat«r  pro- 
tection should  be  continuous  and  made  at  the  same  time,  but  the  delay  In  getting  the 
boat  rigged  for  work  led  me  to  weave  the  shore  protection  in  a  manner  similar  to  the 
usual  woven  mattress,  first  placing  a  layer  of  old  brush  on  the  slope  to  stop  the  cut- 
ting due  to  the  swash  of  the  waves  tttrough  it. 

Total  length  of  work 2,650  feet. 

Total  wi&h  of  work,  average 95  feet. 

Thickness,  average 8  inches. 

Cost  per  foot  of  shoro,  complete $1  90 

Rock  hauled  and  boated 8     miles. 

Willow  hauled  over  soft  road 4i  miles. 

The  work  stood  the  ice  and  the  spring  and  summer  rises  of  1880  very  well,  indeed. 
The  only  damage  done  was  to  the  high*water  protection  by  drift,  as  it  was  in  a  Tery 
much  exposed  location. 

EXTENSION  OF  THE  UPPER  IOWA  REVETMENT. 

As  the  shoro  above  the  point  at  the  head  of  the  Iowa  rovetment  of  1878  had  not  at 
any  point  roaohed  the  line  proposed  and  was  very  irregular,  and  as  it  was  necessary, 
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in  order  to  hold  tliiH  point,  to  place  80tne  sort  of  protection  above  it,  it  was  decided  to 
try  the  experiment  of  weaving  a  uiattreas  on  the  Hurfaee  ahni^  the  proi)i)t*ed  line  from 
the  point  to  a  iilace  up  stream,  beyond  which  it  wonhl  be  impossible  for  the  river  to 
cut  behind  the  work  ami  c^use  its  destruction. 

It  was  intended  that  when  the  river  had  eroded  the  bank  back  to  the  desired  place 
the  mattress  being  undermined  would  drop  over  the  bank,  and,  settling  against  it, 
would  stop  the  cutting  when  the  limit  of  scour  was  reached.'  A  careful  study  of  the 
]>robable  curve  the  river  would  assume  if  the  point  was  held,  or.  In  other  words,  the 
]irohable  length  of  the  proposed  line  which  would  bo  reached  by  the  river,  caused  me 
to  decide  upon  2,000  feet  as  the  necessary  length  of  the  revetment.  In  addition  to 
this  the  npper  end  was  curved  inland  for  200  feet  to  act  as  a  **root.''  The  width 
adopted  was  120  feet,  which  is  sufHcieut  to  provide  for  a  scour  of  from  70  to  75  feet 
from  the  top  of  the  bank.  Work  was  commenced  November  1,  1879,  and  completed 
dnring  the  same*  month. 

In  eonstnictiou  the  mattress  ditfered  little  from  the  ordinary  woven  mattress,  and 
its  cost  was  ^1.90  per  nmning  foot,  or  1.6  cents  per  stiuare  foot,  completed,  a  portion 
of  the  rock  being  wired  on.  The  willow  for  the  work  was  hauled  7  miles  by  wagon 
and  the  rock  about  IH  t^  4  miles  over  very  poor  roads.  The  amount  of  work  woven 
]M*r  day  averaged  about  ICO  running  feet.  The  greatest  amount  woven  in  one  day 
was  141  feet,  or  16,920  square  feet.  The  force  employed  averaged  from  25  to  30  men. 
A  day's  work  for  one  weaver,  with  a  heli^er,  averaged  about  1,000  square  feet. 

The  work  was  left  uncovered  during  the  winter  and  as  the  willows  were  cut  very 
late  in  the  fall  they  did  not  dry  out  to  any  considerable  ext-ent.  During  the  spring  of 
l^^the  revetment  was  severely  tried  and  a  considerable  expenditure  made  to  keep  it 
in  repair. 

The  spring  rise  was  an  unusually  sudden  one,  changing  fi*om  very  low- water  to  a 
depth  of  3  feet  over  the  center  of  the  mattress  in  about  thirty -six  houra.  Its  first 
<*ffect  was  to  cut  away  with  great  rapidity  the  iK)int  of  land  2C0  feet  to  300  feet  wide 
outside  of  tho  work,  and  to  cut  considerably  beneath  it  at  the  soft  *' slough"  at  its 
li'iiter. 

A  heavy  north  wind  ])i"evailing  all  the  time  the  wat«r  was  rising,  and  for  several 
days  aft-er  forced  the  drift  with  great  violence  against  the  edge,  t«*aring  it  badly 
b«»tbre  the  bank  could  cut  away  and  allow  it  to  drop  beneath  the  wat-^n*  a  suftieient 
distance  to  be  protected  by  it.  It  struck  with  great  violence  at  the  point  and  300  feet 
were  carried  away  from  the  lower  end  before  the  work  of  repairing  could  be  com- 
meuccMl.  A  bad  break  also  occurred  at  the  center  where  it  crossed  the  soft  slough  and 
threatened  to  cut  it  into  two  pieces.  As  soon  as  the  water  got  below  tho  edge  of  tho 
Ktuk  the  torn  ]dace8  in  the^mattress  were  sewed  strongly  with  wire  and  a  new  edge 
formed  in  that  manner. 

The  water  fell  very  rapidly,  and  the  mattress  hanging  over  the  bank  and  fitting 
very  closely  to  it  began  to  be  torn  and  pulled  apart  by  the  large  masses  of  earth  as 
they  became  detached  and  fell  into  the  tvugt.  This  necessitated  sewing  the  whole 
mattress  from  the  water's  edge  back  and  the  adoption  of  several  other  devices  for 
preventing  these  breaks,  all  of  them  more  or  less  succ4>8sful.  As  the  bank  became 
•iner  and  the  caving  less,  the  breaks  all  occurred  immediately  beneath  the  water's 
•'dge.  These  were  very  successfully  stopped  and  prevented  from  incretiHin^  in  size  by 
niukiug  over  the  breaks  a  jiiece  of  woven- wire  curtain,  such  as  was  used  m  the  dike 
work,  after  secuwly  wiring  rock  to  it. 

In  this  manner  I  succeeded  in  repairing  all  of  the  breaks  and  in  placing  the  work 
into  such  condition  that  it  stopped  all  erosion.  When  this  result  was  reached  the 
•  nrvature  of  the  bend  had  become  very  sharp,  the  radius  being  only  1,200  feet,  and 
tiie  maximnm  depth  of  water  off  the  shore  had  reached  50  feet.  The  mattress  was  in 
the  water  for  a  distance  of  l,w00  feet,  200  feet  of  it  and  the  root  still  remaining  on 
nhore.  The  material  forming  the  bank  at  the  center  of  the  work  being  very  soft  and 
«'asily  ero<led,  it  cut  back  so  far  as  to  necessitate  widei^lng  the  mattress  by  weaving 
a  strip  along  the  inner  edge  abou^  30  to  40  fee't. 

On  the  morning  of  May  21,  it  was  fonnd  that  a  break  had  occurred  during  the  pre- 
vious night  cansmg  the  mattress  to  be  torn  nearly  into  two  pieces  near  the  '^  slough." 
The  break  commenced  about  500  feet  farther  up  stream  and  widened  rapidly  to  this 
point.  The  bank  being  exposed  it  cut  away  with  such  rapidity  that  the  inner  edge 
of  the  mattress  dropped  into  the  river. 

The  appropriation  being  nearly  exhausted  and  tho  balance  on  hand  insufficient  to 
r^^pair  the  break,  I  was  compelled  to  allow  matters  to  take  care  of  themselves.  The 
Jower  half  of  tho  work  will  probably  be  entin'ly  destroyed  beftire  the  present  high- 
^aterispaased. 

91  E 
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TARBOX  POINT  DIKK. 

The  preparator>'  work  for  the  cunstniction  of  the  wire  curtain  dike  at  Tarbox  Point 
was  begun  Ajiril  12.  The  work  was  stopped  before  the  completion  of  the  dike,  owing 
to  a  scarcity  of  funds,  yet  enongh  was  jifaced  in  position  to  insure  the  success  of  tUii* 
sort  of  structure  and  furnish  data  for  estimating  its  cost.  The  dike  is  essentially  a 
wire  screen  of  coarse  mesh,  having  a  width  of  .w  feet,  and  is  held  in  place  by  weight- 
ing one  wlge  with  rock  and  supporting  the  other  edge  by  buoys.  The  total  length  of 
the  dike  was  800  feet. 

Two  forms  of  meshes  for  the  wire  curtain  were  use^l,  viz,  the  diamond  slyape,  with 
diameters  of  16  inches  and  24  inches  (the  latter  vertical),  and  the  hexagonal  with  a 
shorter  diameter  of  10  inches.    The  method  of  making  the  former  is  shown. 

No.  14  wires,  wound  on  spools,  were  led  over  the  top  of  a  24-iuch  dram  into  whieh 
pins  were  driven  at  the  proper  places  for  shaping  the  mesh.  The  strands  were  thei. 
brought  together  beneath  tlie  pegs  and  twisted  securely,  care  being  taken  to  cauM 
each  strand  to  travel  continually  along  the  drum  in  order  to  make  each  diagonal  of 
the  curtain  from  a  single  vrire  and  not  from  the  zigzag  jiortions  of  several  wires.  Tlif 
work  was  wound  in  a  roll  as  fast  as  it  was  completed. 

Four  men  are  as  many  as  can  work  to  advantage  at  this  frame,  twisting,  while  on* 
man  keeps  the  spools  filled  with  wire.  The  average  day's  work  was  36  feet  per  each 
man  employed,  or  180  feet  per  day.  Amount  of  wire  per  foot,  a  trifle  less  than  om 
pound  of  No.  14. 

The  hexagonal  mesh  was  the  same  as  that  used  at  Nebraska  City,  Nebr.,  duriu; 
the  fall  of  1^9.  A  suflicient  number  of  wires  w^ere  stretched  on  a  horizontal  fnuur 
and  10  inches  apart  and  the  meshes  were  made  by  bringing  together  at  the  proper 
place  two  of  these  wires  adjoining  each  other  and  twisting  them  securely  together  >)) 
means  of  an  iron  pin,  as  shown  by  this  skeich.    The  frame  was  provided  with  a  slidiu;' 

guide  having  staple  for  the  wires  to  paes  tlirongb. 
thus  holding  them  in  places  while  being  twisted 
The  frame  for  the  curtain  was  80  feet  long  by  i> 
feet  wide. 

Seven  men  with  two  boys  to  help  will  make  m- 
wind  400  feet  per  day.  The  amount  of  wire  inr 
foot  of  curtain  is  about  1^  pounds  of  No.  14. 

Each  of  these  styles  were  furnished  with  8elva<;' 
edge,  made  by  twisting  two  No.  12  wires.  Th' 
total  average  weight  was  about  1  pound  to  30  squaic 
feet  of  curtain. 

The  buoys  were  pine  boxes  12  inches  square  at  the  end  and  2  foot  long.  The} 
were  made  tight  by  marline  at  each  joint  and  then  were  well  tarred.  In  order  to  dis- 
tribute the  buoyancy  as  nearly  uniformly  as  possible,  these  small  floats  were  selected 
and  placed  10  feet  apart,  giving  a  flotation  of  about  12  pounds  per  running  foot,  ii^ 
stead  of  using  larger  floats  and  concentrating  the  buoyancy. 

The  success  or  failure  of  the  work  depends  upon  the  buoyancy  of  tho  upper  ed^r^ 
and  the  eflect  produced  by  the  loss  of  a  small  buoy  is  scarce  noticed,  while  the  \os»  <'[ 
a  large  float  where  the  buoyancy  per  foot  of  dike  is  the  same  produces  a  veiy  l>A*i 
result. 

The  anchora  were  pieces  of  rock,  averaging  80  pounds  each  in  weight,  and  wor** 
wired  securely  to  the  lower  edge  about  2  feet  apart,  thus  obtaining  a  nearly  uuifonu 
anchor  weight  throughout  the  whole  length  of  the  dike. 
The  method  of  constructing  or  placing  the  dike  in  the  river  is  shown. 
A  line  of  anchora  with  baiTel  buoys  were  located  immediatelv  above  the  line  of  tl' 
dike,  and  by  means  of  these  and  a  capstan  the  barge  was  worked  out  firom  the  shor 
with  its  gunwale  always  at  right  angles  to  the  dike.  The  end  of  the  curtain  bein; 
securely  anchored  on  shore,  the  roll  ^eing  in  the  hold  of  the  barge,  the  compkt*^' 
work  was  passed  over  the  side  as  rapidly  as  men  could  wire  rock  to  the  curtain  at  th' 
bow  and  buoys  to  it  at  the  stem  of  the  barge. 

The  work  was  designed  to  be  sufliciently  open  so  that  the  accumulation  of  root^. 
&c.,  in  twenty-four  hours  would  decrease  the  cross-section  one-sixth,  and  to  havo  & 
width  of  at  least  three  times  the  depth  of  water.  Owing  to  the  very  great  amount  o: 
young  willows  floating  beneath  the  surface  and  to  the  final  location  of  the  dike  in 
somewhat  deeper  water  than  at  first  intended,  these  points  were  not  reached.  Tin 
first  line  of  curtain  was  laid  as  shown  in  sketch  (a).  In  twelve  hours  it  had  assuuu'd 
the  position  shown  in  sketch  (d),  and  the  meshes  were  so  completely  filled  witli 
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willows.  &.c.t  that  a  pole  could  not  be  thrast  through  the  mass,  aud  it  is  douMfa 
if  a  greater  nnmber  of  buoys  would  have  changed  the  result. 


:/:•♦.'•:•'  '..'•••'•••  ■.':■•':'"'-•  ."^  :'.'".'.:■  ..•;./' 


1 

r^ 

'O 

r^^ 

I  ■* 

^      '  ^'•"  .;..••••'.•.•..■  , 

.••■  .  •  •  ••  •■•.'.•  • ' 

•  •  .•  .  ••  •. «   • 

<  t  •       •     ■ 

■  ■  •       *    .    • 
'     .  ;•.         .';  SANO    DEPOSIT 

....•...•. .•••*.'•,  .. •. 

Ki<rht  hundred  feet  were  placed  in  this  manner  w^hen  it  was  thought  advisable  to 
lay  a  second  line  immediately  over  the  first.  Four  hundred  feet  of  this  line  were 
i-ompleted  when  work  was  stopped.  This  line  was  buoyed  at  intervals  of  from  5  feet 
to  8  feet,  and  had  the  same  weight  of  rock  per  foot  as  the  first. 

Six  hundred  and  fifty  feet  of  the  hexagonal  mesh  and  550  feet  of  the  diamond  mesh 
^ere  used.  No  difference  due  to  the  size  or  shape  of  the  meshes  could  be  discovered 
except  that  the  former  was  the  stronger.  The  best  speed  made  was  400  feet  of  dike  by 
niDe  men  in  ten  honrs.  and  it  is  thought  that  under  favorable  circumstances  12  men  can 
lay  1,000  feet  of  the  dike  per  day. 

The  rapidity  with  which  the  meshes  of  the  dike  filled  with  submerged  material  was 
nfftonishingy  so  that  the  problem  is  really  how  to  construct  a  dike  which  will  not  catch 
all  of  this  material  instead  of  one  which  will  stop  it  all,  as  was  at  first  thought  desira- 
ble. This  result  can  be  obtained,  I  think,  by  using  a  long  narrow  diamond  or  hex- 
ai;onal  mesh  which  will  allow  a  large  proportion  of  the  floating  brush  to  sUde  up  and 
oTer  it,  the  longer  diameter  of  the  diamond  being  vertical. 

The  total  cost  of  the  work  was  |613.75,  distributeid  as  follows : 

?«ck $202  72 

IJoo.vs 119  50 

Cortain,  including  transportation,  labor,  &c 291  53 

Total 613  75 

Cost  of  diamond  mesh  curtain y  per  foot. 

Making,  including  one-half  foreman's  time $0,044 

Transportation 0.016 

Anchors j 0.169 

{^"oys 0.099 

Lauuchlng  (many  breaks  occurred) 0.142 

^^'ire 0.075 

Total  perfojtof  dike 0.545 
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Cost  of  hexagonal  mesh  per  foot  of  dtib«. 

Making,  including  one-half  foreman^s  time ^).03l 

Transporting 0.016 

Rock 0.161) 

Buoys 0,0l»9 

Launching  (no  breaks  oceuiTed) 0.0425 

Wire , 0.100 

Total  cost  per  foot  of  dike 0.4575 

The  cost  of  making  is  based  on  the  best  day's  work  of  each  party. 

The  object  of  this  dike  was  to  throw  the  main  river  across  to  the  Iowa  side  imme- 
diately above  the  point  of  the  bar  which  made  ni)  from  the  head  of  Willow  IslaDd, 
thus  shutting  ofl'  the  Willow  Island  chute  and  building  the  above  bar  back  to  the 
Nebraska  shore. 

A  very  large  deposit  occurred  for  a  long  distance  below  the  dike,  and  could  it  have 
been  extended  to  l,r>UO  feet,  as  at  first  intended,  the  desired  result  would  have  been 
secured.  The  water  now  sweeps  around  the  end  of  the  dike,  having  cut  away  tbe 
upper  end  of  the  bar,  so  that  the  discharge  through  the  chute  has  not  oeen  decreiiHed. 

HYDRAULIC  GRADING. 
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During  the  fall  of  1H79  the  experiment  of  using  a  jet  of  water  for  the  puqwae  of 
grading  the  banks,  preparatory  to  placing  woven  mattress  work  upon  them,  was  trinl. 
and  the  results  obtained,  although  the  plant  employed  was  far  from  being  an  efficient 
one,  proved  this  to  be  beyond  a  doubt  the  eheai^est  and  most  satisfactory  method  yet 
employed. 

The  plant  consisted  of  It  flatboat,  12  feet  by  45  feet,  containing  a  horizontal  tubu- 
lar boiler  and  a  Blake  special  mining  pattern  pump,  properly  arranged  for  takiii)! 
water  from  the  river  above  the  place  to  be  graded  and  forcing  it  through  a  2^iiich 
rubber  hose.  The  entire  cost  of  the  outfit  complete  (with  the  exception  of  the  flat- 
boat)  was  $2,133.68,  and  the  cost  of  working  per  day  about  $16. 

It  was  proposed  to  carry  on  a  series  of  experiments  with  a  view  of  finding  sonio 
method  of  using  the  water  jet  to  remove  bars  or  portions  of  the  shore  line,  but  tht' 
lai^e  amount  of  bank  grading  to  be  done  did  not  admit  of  it. 

The  following  is  the  principal  data  conceniing  the  plant : 

Stroke  of  pump inches.. 

Diameter  of  steam  cylinder,  area  113 do.... 

Diameter  of  water  cylinder,  area  38^^ do.... 

Ratio  of  steam  and  water  xtressure  per  square  inch 

Single  stream : 

Average  piston  travel  per  minute  for  80  pounds  boiler  pressure feet . . 

Same  for  70  i)ouuds  boiler  pressure do  .. 

Tv:o  streams : 

Average  piston  travel  per  minute  for  70  pounds  boiler  pressure do .. 

Same  for  60  pounds  boiler  pressure - ....do  .. 

Gallons  per  stroke  (single)  or  per  foot  of  travel gallons. . 

Maximum  safe  speed  of  pump  per  minute i feet.. 

Maximum  discharge  per  minute gallons.. 

Aasumrng  5  pounds  loss  between  boiler  and  pump. 

Horse-power  of  pump  for  maximum  discharge: 

Using  one  stream horse-power.. 

Using  two  streams cio 

Diameter  of  boiler 

Length  of  tubes 

Diameter  of  tubes,  average 

Number  of  tubes 

Width  of  grate 

Depth  of  grate  (lowest  tube  5"  above  grate  bars. ) 

Dome: 

Diameter 

Height 

Steam  pipe -. 

Exhaust  pipe 

Suction  pipe 

Total  heating  surface ..sqnare  feet.. 

HofFC-power,  using  12  square  feet  per  horse-power 


7 
1  tu3 

iw 

4W 


51 

'Si.' 
3  i» 
'i'  • 
1 

i5«; 

3    4 


2'  tJ 
7*2 

4' 

W 
14 


APPENDIX   Q. 


1445 


Assuiuiu^  ine  111  elective  pressuro  iu  steam  cylinder  at  75  pounds  i^er  square  inch, 
tke  pressure  in  the  water  cyliuder  bocomea  2^'>  pounds  i>er  square  inch  (approximated). 


SKETCH   OF  BOILER 

Tlu'  frictional  resistances  iu  dischar^ug  450  gallons  water  per  minute  tbroueli  100  feet 
ni))btT  hose,  2^  inches  in  diameter,  being  60  poauds  per  square  inch  (see  work  done  by 
and  {N>wer  Te<|nired  for  5  streams^  £llis),  and  assuming  5  pounds  per  square  inch  resist- 
ance in  the  pump,  the  pressure  at  the  nozzle  becomes  Iw  pounds  per  square  inch^  or 
about  10  pounds  less  than  the  theoretical  pressure  necessary  to  discharge  the  same 
amoont  of  water  through  the  same  size  orifice.  With  this  quantity  of  water,  at 
The  pressui'e  stated,  it  was  found  that  the  maximum  effective  cutting  distance  was 
from  15  to  18  feet,  with  the  best  form  of  nozzle  to  be  obtained  in  this  vicinity.  On 
the  highest  banks,  12  feet,  where  the  slope  is  nearly  30  feet,  this  sti*eam  was  not  suffi- 
cient to  do  the  work  without  moving  the  stream  down  the  slope  to  a  point  nearer  the 
material  to  be  moved,  and  the  qimutity  of  water  was  not  sufficient  to  soften  and  carry 
away  the  material  as  rapidly  as  it  should.  The  best  results  were  obtained  by  using  a 
linch  ring  nozzle,  made  by  setting  a  nipple  of  1-inch  gas  pipe,  f  inch  long,  into  the 
orifice  of  a  l^-inch  smooth  brass  nozzle.  This  form  was  found  to  give  a  stream  which 
would  hold  together  for  a  greater  distance  than  one  given  by  the  ordinary  1-inch  ring 
nozzle. 

A  smooth-bore  nozzle  gave  no  satisfactory  results,  though  several  were  tried,  tho 
etizes  varying  from  f"  to  1^". 

The  luethod  of  working  the  Jet  from  tlie  flat-boat  was  found  to  be  impracticable. 
And  that  a  uniform  grade  could  not  be  obtained  in  this  manner.  The  method  adopted, 
aOor  trying  all  that  could  be  thought  of,  was  as  follows,  and  is  shown  by  the  sketches. 
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lul  HOL'ketirr 
i,  the  jet  i»  directed  in 
cut  B  iiarrow  chinnrl 
down  to  the  gradn,  And  all  the  Biirplm  earib 
wodhed  luto  tlie  river.  This  Miug  dour 
another  Hoclcft  ih  driren,  as  shown  in 
Hketcheti  No.  1  and  No.  2,  that  in  about  11 
feet  back  of  the  grade  line,  and  about  3 
feet  further  alonK  it.  Then  the  unzicl- 
levpT  in  shifted  frnm  its  previous  poHitioQ 
by  tliree  or  four  laborerg  without  otoppiiii! 
the  pump,  aud  the  socket  drawn  ana  Id- 
cnteil  for  the  next  position  of  tlie  noizl*  "r 
the  next  HPCtinn  to  be  cut  awa^. 

Am  Boon  aa  the  socket  is  in  yilttee  the  ji'' 
in  direoli-il  against  the  gVoimd  At  C  (Hkrl<h 
Xo.  3),  and  worked  along  the  grade  line  lo 
D,  being  moviil  slowly  liack  to  C  oectuiou' 
7^^  ally,  to  wash  away  the  material  i-iit  oway 


bv'tliejet. 

VI-  Utiuea  of  the  liank  are  then  cut  nnt  a.< 

!^  along  the  dotted  lines  shown,  caro  alwn>s 

V  lieing  taken  to  Itave  the  face  of  the  i-nt  )ut- 

3  peniticular  to  the  direction  of  the  jet  by 

rnttiiig  well  undpr  it  at  the  poiute  D,  I>'. 
u  ly,  ly,  &.e.,  before  directing  the  jet  to  uu.v 

^  iitbcr  part  of  the  face,  eicept  to  break  u]) 

and  watib  awny  the  fallen  material, 
g,  In  order  that  the  desired  reault  may  W 

<  reached  with  the  miniiuuro  anioiit  «f  wiirk. 

"^  it  ii  neceBBory  to  hold  the  jet  carefnily  dunii 

to  the  grade,  and  to  do  alt  the  cntting  and  nndennining  at  the  very  loweat  jioint. 
On  long  iilopes  it  in  often  iicceHsary,  particularly  where  the  material  composing  'lir 
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tiaiik  18  el&^f  or  is  filled  with  roots,  to  drive  a  socket  i)art  way  dowu  the  grade,  aud 
thus  establish  an  iutenuediate  cutting  station. 

An  average  day's  w^ork,  when  there  are  no  unnsnal  stops  niade^  is  the  grading  of 
alK)ut  100  feet  of  shore,  and  moving  from  5  to  6  cubic  yai*ds  of  earth  per  foot,  or  from 
.'>00  to  COO  cubic  yards  of  the  ordinary  bank  material. 

N?4. 


HALF    SECTION   OF  NOZZLE 


Wliere  the  material  is  a  light  loose  sand,  this  amount  can  be  increased  even  with 
tlie  iuefficient  plant  employed  to  800  or  900  cubic  yimls,  wliile  in  tough  clay,  filled 
with  willow  roots,  it  is  often  very  difficult. to  break  up  and  remove  over  ')00  cubic  yards. 
The  above  results  were  obtained,  using  one  jet  and  not  working  full  time,  owing  to  the 
inefficiency  of  the  boiler,  which  with  the  utmost  forcing  could  not  maintain  the  80 
pounds,  steam  pressure  required,  and  to  the  small  size  of  the  boiler  tubes  (1  inch  in 
iliameter)  rendering  it  necessary  to  clean  them  often,  as  many  as  four  times  per  day. 

The  coal  used  (Des  Moines,  third  vein)  bums  well  in  boiler  having  2}  to  3-inch  tubes, 
be  usual  size  in  this  vicinity,  but  no  satisfactory-  results  could  be  obtained  using  one- 
i  tich  tubes. 

Taking  into  account  all  delays  from  boiler  cleaning,  burstod  hose,  «&.c,  not  over 
thrM-fonrths  of  the  time  was  spent  in  effective  working. 

With  an  efficient  boiler  and  hose  of  sufficient  strength,  the  effective  work  could  be 
made  more  than  double  the  results  obtained,  and  I  am  confident  that  with  a  carefully 
designed  plant  the  cost  of  grading  banks  can  be  reduced  to  less  than  2  cents  per 
cnbic  yaid  as  an  average. 

The  aotnal  average  cost  for  the  whole  season,  including  time  for  mounting,  for  re- 
pairs, and  for  dismantling  was  for  labor  4.1  cents  per  cubic  yard,  and  for  fuel  1.15 
cents  per  cnbic  yard,  or  a  total  cost  of  5.25  cents  per  cubic  yard*. 

Daily  average  taken  while  working  in  the  lighter  soils,  showed  a  cost  of  from  2^ 
rents  to  2^  cents  per  cubic  yard,  after  allowing  for  repairs  and  for  interest  on  the  in- 
vestment. In  the  stratified  sands  and  clays,  the  cost  was  from  3  cents  to  4  cents  per 
nibic  yanl.  At  Gumbo  Point,  where  the  material  was  a  tough,  firm  clay,  completely 
rilled  with  willow  roots,  and  where  an  unusually  flat  slope  was  given,  the  cost  varied 


N?  5 


from  6  cents  to  8  routs  per  cnbic  yard.  At  this  latter  place  it  was  oNtiniated  that  the 
•^ine  slope  could  not  be  obtained  by  the  use  of  pick  and  shovel,  at  less  than  from  15 
'•enta  to  18  cents  per  cubic  yard. 

I'uon  two  occasions  comparative  trials  were  made  to  determine  the  relative  economy 
'Jt'  the  two  kinds  of  grading,  extending  over  several  days.    Tho  ground  selected  was 
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very  iiiiifurm  throughout,  aucl  Korneti'hat  better  or  ejiHier  to  work  by  hand  than  tbe 
average  banks  arc.  The  cost  i>cr  yard,  net,  for  the  work  done  by  the  use  of  picks  aud 
shoveiH  was  6|  cents.  The  cost  by  the  hydraulic  method  was  3|  cents  per  yard,  a 
trifle  over  one-half. 

Tlie  shovel  grading  was  thus  about  28  per  cent,  greater  than  the  average  for  the 
season  as  given  above,  5^  cents^ 

If  the  mattress  work  is  np  close  to  the  grading,  so  as  to  be  placed  on  the  slope  im- 
mediately, the  above  is  a  fair  average  cost  of  shovel  grading,  but  it  is  oftener  the  casi* 
that  the  two  kinds  of  work  an*  wn'eral  days  a])art.  When  this  state  of  atfuirs  exists 
the  superiority  and  economy  of  the  hydraulic  work  is  apparent. 


N?  6. 


Sketch  No.  5  shows  the  relative  conditions  of  the  two  kinds  of  grading.  In  grading! 
by  shovel  a  bank  of  earth  is  rapidly  built  up  at  the  foot  of  the  slope  at  '^  A^"  so  that 
the  slope  never  coincides  with  the  one  desired,  but  is  flatter  until  the  w^ater  line  i^ 
reached,  when  there  is  a  sharp  reversed  curve  to  reach  the  natural  slope  under  water. 
The  bank  thus  bnilt  up  is  very  soft  and  will  not  support  a  man's  weight  or  stand  the 
w^osh  of  the  current  or  waves,  so  that  in  a  few  days  the  bank  assumes  a  shape  shown 
in  sket'Ch  No.  6,  having  a  bluff  bank  from  2  to  3  feet  high  at  the  foot  of  the  slope, 
necessitatinfr  regra<ling,  often  at  a  cost  of  fh)m  5  cents  to  8  cent«  or  10  cents  per  foot 
of  shore.  The  slope  w^ien  reached  by  the  hydraulic  method  is  firm  and  hard  and  all 
the  surplus  material  is  dissolved  or  sofkoned  uji  and  washed  away  from  the  foot  of  thf 
slope.  The  bank  at  the  water's  edge  thus  approaches  thef^nearest  possible  to  the 
natural  slope  under  water,  and  is  thus  made  less  liable  to  be  cut  away  than  the  natural 
bank.  This  advantage  is  apparent  both  before  the  mattress  is  placed  and  after,  an<l 
the  condition  of  the  bank  for  insuring  good  work  is  marked  as  to  cause  one  to  favor 
the  hydraulic  grading,  even  at  a  greater  cost. 

It  soon  became  evident  that  the  plant  was  entirely  too  small  to  do  the  projier  amount 
of  work  of  grading,  but  more  especially  so  for  the  work  of  cutting  the  shore  line  back 
any  distance  or  for  making  an  appreciable  eflect  on  bars. 

To  keep  entirely  ahead  of  the  mattress  work  the  capacity  should  be  at  least  300  feet 
per  day  or  about  three  times  the  capacity  of  experimental  plant.  The  quautity  of 
water  thrown  (400  gallons  per  minute)  was  not  sufHcient  to  satui-ate  the  material  in 
the  case  of  sand  or  to  soften  and  break  up  the  large  lum|)8  of  clay,  and  also  wash 
them  into  the  river.  In  sand  the  volume  should  be  sufficient  to  at  once  form  a  fluid 
miuis  which  would  run  quickly  from  the  grade.  Careful  observation  during  the  prog- 
ress of  the  work  led  me  to  decide  that  the  anantity  of  water  thown  in  this  soil  should 
be  from  2  to  2^  times  the  above  amount  or  irom  800  to  1,000  gallons  i>er  minute.  This 
amount  would  carry  off  sand  and  loose  material  as  rapidly  as  it  could  be  undermined. 

The  cutting  effect  of  this  jet  was  about  sufficient  for  sand,  but  was  not  so  for  the 
harder  and  tougher  material  found.  With  such  an  increase  in  the  quantity  of  water 
thrown,  the  cutting  eflcct  at  the  same  nozzle  pressure  (160  ponuds)  wouldlie  largely 
increased,  but  as  this  in  clays  dejiend  almost  entirely  upon  the  intensity  of  the  pres- 
sure or  impact  and  not  so  much  upon  the  quantity  of  water  thrown,  I  would  suggest 
that  in  any  apparatus  devised  for  this  puri)08e,  the  nozzle  pressuro  be  increased  to 
about  200  pounds  per  square  inch. 

Two  of  the  next  larger  size  of  this  same  style  of  pumn  working  to  a  common  air- 
chamber,  would  probably  be  ample  for  grading  any  bank  when  worked  to  their  full 
•capacity.    The  air-chamber  should  be  very  large.    This  is  a  fault  common  to  nearly 
all  of  the  smaller  steam  pumpb,  that  the  air-chambers  are  iusufficient  and  that  the 
pulsations  are  carried  the  full  length  of  the  hose. 

In  this  character  of  work  where  the  hose  has  to  lie  on  the  ground,  the  pnlsatioiit^ 
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sho.ilii  1)0  prevented,  as  the  constant  moving  of  tbc  liosc  hoou  wears  a  bolo  through  it 
or  tiiiuH  it  Hufllicient  for  the  pressure  to  burst  a  hole  through. 

A  plant  of  this  sort  is  of  great  value  for  numerous  other  tilings  besides  the  work 
for  which  it  was  designed,  and  by  increasing  its  power  to  that  indicated  above  and  by 
supplying  it  with  a  proper  boiler,  I  am  conndent  that  ordinary  river  banks  may  be 
gr»<Ud  by  it  at  a  cost  of  little  over  1  cent  i)or  yard. 

Respectfully  submitted. 

C'HESTKH  B.  Davis, 

Maj.  CiiAS.  R.  SuTER,  AHuielant  Emjineci^, 

Corps  of  lCngi»etrift  I'.  S.  A, 


Q  14. 

improvement  of  mls.souki  river  between  omaha  and  platts- 

mouth,  nebraska. 

United  States  Engineer  Office, 

tkiint  LouUj  Mo,,  January  30,  1880. 

General:  In  compliance  with  your  instructions  of  the  9th  ultimo,  I 
Itave  the  honor  to  submit  herewith  a  copy  of  the  map  of  the  Missouri 
Itiver  between  the  railroad  bridges  at  Omaha  and  Plattsmouth,  Nebr., 
recently  made  under  my  direction,  and  also  a  copy  of  a  report  of  my 
aKsi.staiit,  Capt.  Thomas  H.  Handbury,  Corps  of  Engineers,  U.  S.  A. 
Unm^  plans  and  estimates  for  the  improvement  of  the  navigation  of 
tbe  river  between  the  points  mentioned. 

For  details,  I  beg  to  refer  to  the  accompanying  report  and  map.  The 
Kituation  in  brief  is  this:  The  portion  of  the  Missouri  Kiver  under  con- 
sideration is  extremely  tortuous  and  has  a  heav^  slope,  averaging  j\ 
of  a  foot  to  the  mile.  Tlie  banks  are  very  unstable  and  are  subject  to 
j>T;eat  erosion,  the  result  of  which  is  an  excessive  width  of  waterway, 
with  ever-shifting  channels  and  small  navigable  depth.  The  incessant 
erosion  on  the  narrow  necks  between  bends  has  already  caused  two  cut- 
otts,  one  at  Omaha  and  another  at  Saint  Mary's,  a  few  miles  above  the 
mouth  of  the  Platte^  and  several  others  may  be  soon  expected  if  raeas- 
iires  are  no*  taken  to  prevent  them.  The  effect  of  cut-offs  is  to  greatly 
ii)ci*ease  bank  erosion  in  the  neighborhood  and  to  impair  the  navigation 
over  considerable  distances.  It  is  also  desirable  that  a  stable  regimen 
be  established  throughout  this  stretch  of  river,  as  any  changes  here 
^ould  have  a  very  prejudicial  effect  upon  the  works  of  improvement 
now  in  progress  at  Omaha,  above,  and  Nebraska  City,  below.  ^ 

The  plan  proposed  by  Captain  Handbury,  and  which  is  approved  by 
liie.  contemplates  the  protection  of  such  banks  as  are  exposed  to  erosion 
and  a  partial  rectification  of  the  channel,  by  the  use  of  methoils  and 
appliances  similar  to  those  successfully  used  under  my  dii*ection  at  many 
other  2>oints  along  the  river.    The  estimated  cost  is  as  follows : 

Kor  revctti  ng  180,000  feet  of  shore  line,  at  $2.25  per  foot $405, 000 

For  ( onstrncting  30,000  feet  of  brush  dike,  »t  $1  i»er  foot 20, 000 

Add  for  superiiiteiulcnce,  surveys,  cotingeucies,  &c 75, 000 

Total £00,000 

Of  this  amount  $200,000  could  be  advantageously  expended  in  one 
settson,  and  it  is  important,  in  order  to  carry  the  work  to  completion 
with  economy  and  dispatch,  that  the  appropriations  for  the  work  should 
l»e  made  in  liberal  sums. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

ChAS.   R.   S.UTER, 

Brig.  Gen.  H.  G.  Wkight,  Major  of  Engineers. 

Chief  0/ Engineers,  U,  6'.  A, 
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REPORT  OK   CAPTAIX  THOMAS  H.   HAXDBURV,    CORPS  OF  ENGIXKRR8. 

IGNITED  States  Engineer  Office, 

JfkUnt  Louis  J  Aio,,  January  28,  \.^^\ 

Major  :  In  obedience  to  your  verbal  instnictions  received  a  few  days  since  I  have 
the  honor  to  snbmit  the  following  report  upon  the  conditioi?.  of  the  Missonri  Rirer 
between  Omaha  and  Plattsmonth,  Nebr.,  together  with  a  plan  and  estimate  of  the 
probable  expense  for  improving  the  navigation  of  the  same  between  these  two  points. 

The  length  of  the  river  following  the  channel  line  inclnded  between  Omaha  and 
Plattsmomh  is  abont  29  miles,  with  an  average  slope  of  ^  foot  to  the  mile.  The 
width  of  the  valley  thronghont  this  extent  will  average  about  4  miles.  Its  soil  is  in 
general  a  light  alluvium  tnat  has  been  waxhed  down  in  former  years  from  the  upper 
regions.  Through  this  the  river  Hows  with  a  rapid  current  in  constantly  changing 
channels. 

Evidences  even-where  exist,  not  only  in  this  special  locality  but  throughout  the 
whole  extent  of  the  Missouri  River  Valley,  that  in  past  ages  the  river  has  with  more 
or  less  periodic  regularity  changed  the  location  of  its  bed  from  one  bluff  to  the  other 
and  then  back  again,  moving,  m  this  change,  the  whole  of  the  enormous  amount  of 
soil  that  lies  Itetween  ;  and  this  operation  is  still  going  on,  as  is  manifest  by  the  ero- 
sions that  are  taking  place  and  the  constant  disappearance  into  the  waters  of  the 
river  of  acre  after  acre  and  farm  after  farm  of  the  most  productive  land  in  the  world. 

So  long  as  this  region  was  in  a  state  of  nature  it  made  but  little  difference  wh&t 
changes  took  place  or  what  was  the  result  of  the  contest  that  was  going  on  between 
the  natural  forces.  The  river  might  then  travel  back  and  forth  between  the  limit;) 
of  its  permanent  barriers  as  often  as  it  pleased,  and  move  that  which  was  in  its  course 
whenever  and  wherever  it  liked,  but  when  civilization  appears  upon  the  scene,  with 
its  steamboats  and  railroads  and  bridges  and  agricnlturtil  interests  and  habitations 
for  the  comfort  and  convenience  of  man,  then  it  becomes  necessary  to  check  these 
erratic  wanderings  and  to  prescribe  some  reasonable  bounds  within  which  it  must  be 
restricted. 

A  lar^e  river  like  the  Missouri,  with  a  slope  as  great  as  that  which  it  has,  and  drain- 
ing, as  it  does,  many  thousand  miles  of  territory,  will  maintain  a  velocity  sufficiently 
great  to  cause  jierpetual  erosions  in  the  light  alluvium  through  which  it  flows,  the 
extent  of  which  will  vary  according  to  the  impact  of  the  ciiiTent,  and  the  more  or 
less  compactness  of  the  soil  fonuing-the  river  bankn.  Under  this  action,  where  the 
rircuiustauces  aw  favorable,  bends  will  be  formed,  and  not  unfrequently  they  will 
take  the  shajie  of  loops,  with  narrow  strips  of  land  se])arating  two  portions  of  the 
river  that  are  several  miles  apart  when  measured  along  the  channel.  When  these 
narrow  strips  are  washed  thrcmgh,  cut-offs  take  place,  which  shorten  the  course  of  the 
river,,  change  its  slope,  increase  its  velocit  y,  and  otherwise  distprb  its  regimen  for  many 
miles  both  above  and  below.  Increased  erosion  takes  place,  navigation  is  impaired, 
interests  along  the  banks  are  jeopardized,  a  different  course  is  given  t-o  the  river,  new 
bends  are  formed,  and  the  foundation  laid  for  a  repetition  of  the  same  series  of  events 
at  some  future  day.  This  action,  in  its  intensified  form,  is  illustrated  in  the  reach  un- 
der consideration  perhaps  as  forcibly  as  in  any  other  of  a  like  extent  that  couhl  1h< 
selected  throughout  the  whole  course  of  the  river. 

To  be  more  specific,  let  us  look  a  little  into  what  has  taken  place  here  only  ^vitliin 
the  .}ast  few  years.  After  the  Omaha  cut-off  took  place  in  1877,  the  regimen  of  the 
river  for  many  miles  both  up  and  down  was  very  much  disturbed. 

This  event  gave  it  a  tendency  to  come  closer  to  the  foot  of  the  bluff  along  the  Omaha 
front.  The  light  sand,  of  which  the  bottom  land  here  is  composed,  ofl'ered  but  little 
resistance  to  this  tendency ;  but  there  being  large  interests  dependent  upon  its  pres- 
ervation, it  became  necessary  to  protect  it  from  the  erosive  action  of  the  river.  The 
Union  Pacific  Railway  Company  expended  large  sums  in  protecting  their  repair  aho]>8 
and  other  interests  that  are  located  here,  and  Congress  made  libera)  appropriations, 
which  have  also  been  ex|)ended  in  this  locality  in  the  interests  of  navigation.  Had  the 
river  not  been  held  in  check,  there  is  no  doubt  but  by  this  time  the  whole  of  the  bot- 
tom land  in  front  of  Omaha  lielow  the  cut-off  would  have  been  washeil  away,  together 
with  the  car-shops,  smelting-works,  and  all  other  establishments  that  are  built  upon 
it,  to  say  nothing  of  the  injury''  that  navigation  would  have  sustained.  The  safety  of 
the  bridge^  too,  would  have  been  seriously  comproiuiseil.  With  the  river  close  aloug 
the  foot  oi  the  bluff  iu  this  viciiiiry,  its  t^^'udency  would  be  to  leave  it  at  the  .western 
abutment,  if  it  did  not  succeed  in  washing  it  away,  and,  impinging  against  the  op- 
jiosite  bank  below,  would  cause  erosion  to  take  place.  In  this  immediate  vicinity  the 
conformation  of  the  gnmnd  is  such  that  this  motion  would  soon  bring  about  another 
and  quite  extensive  cut-off.  Even  now,  with  the  work  of  improvement  in  successfal 
operation  above  the  bridge,  there  is  9,  decided  tendency  in  this  direction. 

By  consulting  the  accompanying  map  the  situation  below  the  bridge  can  he  seen  at 
a  glance.  In  the  bend  at  Con'ncil  Blutfs  lower  landing  extensive  erosion  has  taken 
place,  and  the  river  bed  has  been  widened  to  such  an  extent  that  it  is  difficult  at- 
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times  to  iiud  a  navigable  cUaunel.  The  neck  of  the  peninsula  opposite  this  bend,  it 
will  be  observed,  is  very  narrow,  with  the  channel  line  close  up  to  the  bank  upon 
either  side.  Eroiiious  are  taking  place  here  at  a  rapid  rate,  which,  if  not  checked, 
will  soon  result  in  a  cut-off.  In  Saint  Mary's  Bend,  the  next  below,  one  of  these  has 
recently  taken  place.  The  results  are  anything  but  favorable  either  to  navigation  or 
to  the  interests  centered  along  the  river  banks  and  upon  its  bottom  lands.  The  old 
town  of  Saint  Mary,  that  was  once  upon  the  mainland,  in  the  State  of  Nebraska,  is 
uow  an  abandoned  site  upon  an  island  and  constructively  in  the  State  of  Iowa.  The 
river  is  yet  in  a  verj*^  unsettled  condition.  Erosions  are  taking  place  upon  all  sides 
aud  many  acres  of  the  finest  land  are  daily  being  washed  away.  Just  below  the  lower 
end  of  this  cut-off  the  current  impinges  violently  against  the  Nebraska  shore,  with  a 
fair  prospect  of  cutting  a  way  for  itself  into  the  bed  of  the  Platte.  Should  this  be 
effected  the  situation  would  be  complicated  in  the  extreme. 

At  the  town  of  Plattsmouth,  where  a  railroad  bridge  is  now  in  process  of  construc- 
tiou,  the  available  water-way  has  been  contracted  by  means  of  dikes  to  within  a  width 
of  1,000  feet.  Any  disturbance  of  the  position  of  the  channel  in  this  vicinity  is  liable 
to  result  in  washing  these  dikes  away,  an  event  that  would  be  very  disastrous  to  the 
bridge,  as  its  eastern  piers,  I  am  informed,  do  not  extend  down  to  the  solid  rock  founda- 
tion. To  satisfy  all  the  conditions  tbat  demand  attention  in  this  locality  will  be  the 
most  difficult  })art  of  our  problem  to  solve. 

This,  then,  in  a  few  words,  is  the  general  condition  of  the  river  to-day  between 
Omaha  aud  Plattsmouth:  a  swift-flowing  stream,  with  ero<ling  banks  and  constantly 
changing  channels,  carrying  downward  in  its  course,  either  in  suspension  or  rolling 
iilong  its  bottom,  tnousands  of  tons  of  sand  and  soil. 

In  the  lakes,  swamps,  and  lowlands  to  be  found  almost  everywhere  throughout  the 
whole  extent  of  the  valley,  we  have  unmistakable  evidence  that  as  the  river  is  to-day 
M>  it  has  been  for  ages  past,  its  peregrinations  limited  only  by  the  bluffs  that  bound 
the  valley  in  which  it  runs.  Lnless  restricted  in  some  way,  it  is  onl^  a  matter  of 
time  when  the  mortgage  that  the  river  is  said  to  have  upon  every  portion  of  its  bot- 
tom land  will  be  foreclosed. 

Under  the  new  dispensation  that  is  hereafter  to  have  the  governing  influence  ui>on 
the  valley,  there  are  certain  modifications  necessary  to  be  made  in  the  old  condition 
of  affairs  to  suit  them  to  the  new  interests  that  have  arisen. 

In  the  interests  of  navigation,  channels  must  be  provided  having  the  requisite  depth 
of  water  for  such  boats  as  are  found  most  economical  for  the  transportation  of  the 
freight  that  is  to  be  moved  by  water.  In  the  interests  of  agriculture  and  of  those 
^reat  railway  liues  that  run  along  the  river  banks,  and  are  such  an  essential  feature 
in  transporting  the  products  of  the  soil,  and  communicating  between  the  different 
parts  of  the  country,  the  erosions  must  be  stopped  aud  the  width  of  the  river  bed  re- 
stricted to  such  limits  as  will  suffice  for  its  needs  and  no  more. 

That  these  results  can  be  obtained  within  reasonable  limits  of  expetase  we  have 
every  reason  to  believe,  Judging  from  the  experience  already  gained  in  improving 
those  limiteil  portions  of  the  river  for  which  Congress  has  already  made  appropria- 
tions. 

Since  the  principal  source  of  all  these  evils  that  we  are  seeking  to  remedy  lies  in 
the  fact  that  the  velocity  of  the  current  is  too  great  for  the  tenacity  of  the  soil  com- 
post n^^  the  banks  to  withstand,  it  is  evident  that  all  our  efforts  should  be  direct<xl  to 
tUminishiufi^  this  velocity  and  protecting  the  yielding  banks. 

To  diminish  the  slope,  the  course  of  tlie  river  shoiUd  be  lengthened  wherever  prac- 
ticable, and  cut  offs  should  be  prevented  by  eveiy  possible  means  in  our  power. 

The  most  destructive  erosions  take  place  during  the  falling  stages  of  the  water. 
The  foot  of  the  bank  is  first  attacked,  and  when  the  material,  usually  sand,  is  washed 
away,  the  upiier  portion,  beitog  unsupported,  tumbles  into  the  water.  This  eroded 
material  is  carried  down  either  in  suspension  or  rolled  along  the  bed  of  the  river.  As 
the  current  from  time  to  time  is  checked  either  by  a  diminution  of  the  slope  or  l»y 
meeting  some  obstacle  in  its  course,  the  material  in  tranntu  is  deposited  and  for  a  time 
at  least  brought  to  rest. 

These  depositions,  in  their  turn,  olTange  the  course  of  the  river,  and  cause  its  cur- 
rent to  impinge  against  the  bank  in  some  new  locality  farther  down.  Thus  the  oper- 
ations go  on  day  after  day  and  year  after  year. 

To  eiect  the  aesired  improvement,  what  is  needed  is  a  judicious  combination  of  two 
kinds  of  worka— one  to  cause  depositions  and  deflections  in  desired  localities,  and  the 
«ither  to  receive  the  impact  of  the  current  where  it  impinges  with  destructive  efteot 
against  the  bank,  aud  to  check  the  erosion  where  it  is  desirable  to  do  so.  By  these 
means  it  is  possible  in  time  to  lead  the  river,  as  it  were,  through  this  bottom  land, 
and  hold  it  in  any  reasonable  position  that  we  may  select;  but  in  attempting  this  we 
shonld  bear  in  mind  that  there  are  certain  fundamental  hydraulic  principles  that  we 
muKt  not  transgress. 

On  the  accompanying  map,  which  is  a  rodnce<l  cony  from  the  advanced  sheets  of  the 
Missonri  River  survty  now  being  made  under  yonr  ilirection,  by  your  assistant,  D.' W. 
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Wolliiiau,  I  have  endeavored  to  trace  out  a  coiirHe  that  I  think  it  possible  to  cause  the 
river  to  take,  and  practicable  to  retain  it  at  an  ex])en8e  commensurate  with  the  im- 
portance of  the  interests  involved,  and  which  will  be  a  satiBfactory  solatiou  of  the 
problem  under  consideration. 

In  layiuff  down  these  lines  I  have  assumed  that  a  width  of  from  1,500  to  2,000  feet  will 
be  about  the  proner  Hmita  within  which  to  keep  the  waters  of  the  river  in  order  to 
insure  a  navigable  depth  during  the  low  stages  and  a  sufficient  water-way  during  the 
high.  The  directions  are  those. that  1  think  can  be  attained  and  retiMned  within  the 
most  reasonable  limits  of  expense. 

For  causing  deposits  to  take  place,  and  for  deflecting  the  current  in  these  localities 
that  are  to  be  built  out,  I  would  recommend  the  use  of  floating  brush  obstructions 
such  as  have  been  applied  with  such  marked  Huccess  at  the  various  places  along  the 
river  where  works  of  impnivement  are  in  progress  under  your  direction.  The  most 
successful  of  these  may  l>e  briefly  described. 

The  floating  brush  dike  is  made  by  taking  saplings  ftom  30  to  30  feet  long  and  from 
4  to  6  or  8  inches  in  diameter,. and  nailing  or  fastening  to  them  with  wire  scraggy 
brush  of  any  kind  that  may  be  obtainable  in  the  locality.  This  forms  what  is  known 
as  the  ''weed.''  Instead  of  the  saplings  rope  may  be  use<l  to  which  to  fasten  the 
bnisli.  To  one  end  of  this  *^  weed''  is  attached  an  anchor  of  sufficient  weight  to  hold 
it  in  position  against  the  current ;  to  the  other  a  buoy  that  holds  up  the  downstream 
«ud  and  prevents  it  from  going  to  the  bottom  under  the  pressure  of  the  current 
•against  it. 

These  "weeds**  are  placed  in  the  river  in  the  desired  locality  at  a  distance  of  from 
10  to  *20  feet  ai>art,  thus  fomiiiig  the  floating  dike. 

Their  action  is  to  check  the  current  gradually  without  producing  that  scouring; 
•oflect  to  which  the  solid  dike  gives  rise.  This  done,  a  portion  of  the  material  that  is 
rolling  along  the  bottom  or  being  carried  down  in  suspension  is  deposited  and  causes 
a  rise  in  the  bed  of  the  river  wliich  changes  its  channel  into  the  direction  desired. 
The  rapidity  with  which  these  deposits  take  place  is  truly  wonderful.  One  season  is 
often  Huflicient  to  raise  the  river-bed  up  to  the  limits  of  ordinary'  high- water. 

Another  form  of  obstruction  that  has  been  tried  with  success' is  tue  willow  curtain. 
This,  as  its  name  indieat<es,  is  made  of  willows  about  an  inch  in  diamet<}r  or  larger, 
fastened  parallel  with  each  other  and  from  0  to  8  inches  apart,  by  means  of  wire.  The 
curtain  can  be  made  of  any  de8ire<l  length  and  width.  They  are  anchored  in  position 
by  weights  attached  at  intcr\'als  along  the  lower  edge  and  held  in  an  npright  or  in* 
ciiued  position  in  the  wat«r  by  floats  made  fast  to  the  upper.  Their  action  is  similar 
to  that  of  the  weeds. 

Another  form  that  has  been  experimented  with  and  which  bids  fair  to  give  good 
results,  is  a  screen  made  totally  of  wire  something  after  the  fashion  of  a  seine.  It  is 
anchore<l  and^  buoyetl  like  the  willow  curtain.  The  rootlets  and  small  vegetable  flber'i 
that  are  floating  in  large  (iuantitie«  in  the  water  accumulate  upon  the  wires,  and  form 
obstructions  sufficient  to  check  the  velocity  of  the  current. 

8till  other  forms  have  been  tried  with  more  or  less  succass. 

For  resisting  the  impact  of  the  current  and  preventing  the  erosion  of  the  banks,  a 
variety  of  devices  have  been  tried  with  more  or  less  success.  Among  the  most  sat- 
isfactorv  of  theee  mav  be  mentioned  the  woven  brush  revetment,  the  continuous  mat. 
or  brush-blanket,  made  of  brush,  sewed  together  with  wire,  and  the  willow  screen, 
made  as  above  described,  for  the  willow  curtain,  excepting  that  the  willows,  instead 
of  being  placed  some  inches  apart,  are  as  nearly  as  possible  in  juxtaposition.  The 
manner  of  using  either  of  these  devices  is  the  same.  The  bank  to  be  protected  should 
lirst  be  graded  to  a  slone  of  about  2  upon  3  or  less,  an  operation  tnat  can  be  very 
<;heaply  performed  by  tne  use  of  hydraulic  force-pumps,  after  which  the  revetting 
should  be  put  on  so  as  to  extend  from  the  ordinary  high -water  limit  down  the  bank 
and  out  along  the  river-bed  sufficiently  far  to  protect  the  slope  should  any  unnsnal 
scour  take  place.  The  total  width  is  usually  in  the  neighborhood  of  100  feet.  To  sink 
that  portion  which  is  under  the  water,  a  small  quantity  of  rock  is  sometimes  necessary, 
but  usually  the  current  itctelf  and  the  sediment  that  collects  <m  the  brush  will  suffice 
for  this. 

The  efl'ect  of  this  revetment  is  to  thoroughly  protect  the  bank  over  which  it  is  placed, 
and  to  cause  a. deposit  of  sediment  over  it-self  that  crowds  the  current  away  from  the 
bank  towards  the  middle  of  the  stream. 

In  proportion  to  the  results  obtained,  these  are  certainly  the  cheapest  devices  for 
improving  rivers  of  a  sediment-bearing  character  that  have  as  yet  been  tried. 

For  the  revetment  of  the  banks  I  estimate  that  |2.25  per  foot  of  shore  line,  or  about 
^12,000  per  mile,  will  be  sufficient,  and  for  the  dikes  $1  per  running  foot. 

As  nearly  as  can  be  estimated  at  present,  there  will  be  between  the  Union  Paciiic  Kail- 
road  bridge  at  Omaha  and  the  bridge  at  Plattsmouth,  approximately,  180,000  feet  of  shore 
line  to  be  revetted,  and  20,000  feet  of  floating  brush-dike  or  curtains  to  be  made.  These 
numbers  cannot  be  given  with  accuracy,  because  of  the  changes  that  aru  constantly 
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taking  place ;  but  a.<»iimiug  tlieiii  as  a  neiir  approximation,  the  eHtitnato  for  puttting 
this  reach  of  29  uiiles  in  a  good  navigable  condition,  and  at  the  same  time  secnring 
all  other  interests  located  hero  from  tiie  encroachment  of  the  river,  will  bo  about  as- 
follows : 

For  revetting  180,000  feet  of  shore  line,  at  $2.25  per  foot $405,  OOO 

For  coastructing  20,000  feet  of  brush  dike,  at  $1  per  foot 2Q,  OOO 

Add  for  superintendence,  surveys,  contingencies,  &c 75, 000 

Total 500,000 

Of  thijs  amount,  $200,000  could  advantageously  be  expended  during  the  coming  fiscal 

It  is  scarcely  necessary  to  a<ld  that  the  circumstances  of  this  case  are  such  as  to 
re((uire  that  the  necessary  funds  for  carrying  on  the  work  should  be  appropriated  in 
considerable  sums  if  ecouimical  results  are  to  be  arrived  at.  It  can  easily  be  seen 
how  the  work  of  a  season  can  be  rendered  nugatory  by  some  sudden  change  of  the 
river  if  funds  are  not  constantly  available  for  every  emergency. 
Respectfully  submitted. 

Thos.  II.  IIandbitky, 

Captain f  Corp»  of  JCutfhierrs. 
-Maj.  CiiAS.  R.  SuTKR, 

Corpn  of  EuginetrBf  U,  S,  J. 
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IMPROVEMENT  OF  MISSOURI  RIVER  AT  SIOUX  CITY,  IOWA. 

The  work  described  as  in  progress  in  my  last  report  was  continued 
during  the  season  as  far  as  the  available  funds  would  allow.  The  main 
work  was  done  on  the  Nebraska  shore,  where  the  dajiger  was  greatest. 
The  revetment  already  begun  here  was  extended  down  stream  2,000  feet^ 
with  an  average  width  of  G9  feet,  and  a  weed  dike  w^s  commenced.  Af- 
ter extending  it  out  300  feet  into  the  stream  it  was  deemed  advisable  to 
abandon  it  for  the  time,  in  order  to  leave  more  monej'  for  the  revetment. 
The  work  has  on  the  whole  stood  very  well,  but  there  is  very  much  moi*e 
work  required,  and  the  ultimate  cost  will  certainly  be  greatly  increased 
unless  larger  appropriations  are  made. 

It  is  proposed  to  expend  the  present  appropriation  in  extending  the 
work  in  accordance  with  the  general  plan,  with  a  view  of  contracting 
and  regulating  the  water  way  so  as  to  remove  obstructions  to  naviga- 
tion and  give  a  good  landing  at  all  seasons  at  Sioux  City. 

The  appended  report  of  Assistant  S.  H.  Yonge,  who  had  charge  of 
the  work,  will  give  full  information  concerning  the  methods  of  construc- 
tion used. 

The  work  is  situat4»d  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr.     The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  colIect<*d  at  Omaha^  Nebr.,  during  fiscal  year  ending  June  30, 
l-K>,  was  $3,605.21. 

Money  stateinenU 

July  1,  1879,  amount  available $(),9l2  99 

Amount  appropriated  by  act  approved  J  nne  14, 18d0 H,  000  00 

114,912  99 

Jnly  1,  1880,  amount  expended  during  fl8<*al  year 6,511  65 

July  1,  1880,  amonnt  available 8.401  34 

Anionnt  (estinmted)  required  for  completion  of  existing  project 15,800  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1H82.     15, 800  00 
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REPOUT  OF   MR.   SAMUKL  11.    YOXGK,   ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  Februarif  *Z1,  l^. 

Major  :  I  have  the;  honor  to  Hiibniit  the  following  rt»port  of  opcratiooH  conducted 
during  the  present  tittcal  year  on  the  work  of  improvcnieut  of  the  Missouri  Rircr  at 
8ioux  City,  Iowa. 

During  the  month  of  July,  1879,  the  river  contiuued  to  encroach  on  the  Nebraska 
Hhore,  from  the  point  above  Covington,  for  a  distance  down  stream  of  a'bout  3,800  feet. 
The  greatest  erosion  amounted  to  200  feet,  and  was  situated  about  2,300  feet  below  the 
point.  At  the  point  and  for  a  distance  below  of  about  300  fc»et,  where  the  continuous 
mat  revetment  had  been  constructed  the  month  of  May  previous,  the  bank  was  sni- 
cessfully  held,  although  the  work  had  been  built  during  a  high-water  stage,  and  in 
consequence  the  sloped  face  of  the  bank  was  too  short  to  afford  a  perfectly  secure  an- 
chorage for  the  shore  edge  of  the  mat. 

After  the  water  ha<l  n'ceded  an  inspection  of  the  portion  of  the  mat  on  the  bank 
showed  that  it  was  well  filled  with  silt.  This  deposit  lay  principally  in  the  lower 
meshes  of  the  mat,  and  was  from  one-third  to  one-half  of  the  mat's  tliickness.  The 
upper  layers  of  meshes  were  generally  clean  of  silt,  though  in  places  the  mat  wau« 
entirely  filled.  Sounding  with  a  rod  proved  that  a  similar  state  of  affairs  existed  be- 
low low- water,  where  the  top  of  the  deposit  was  situated,  as  near  as  could  be  meas- 
ured, 6  inches  below  the  upper  surface  of  the  mat.  No  scour  appeared  to  have  occurred 
underneath  the  mat,  its  pliability  probably  count-eracting  this  action  by  immediately 
filling  any  voids. 

From  those  data  it  might  be  inferred  that  under  similar  circumstances  the  minimum 
thickness  of  revetment  built  on  this  system  for  low-water  jirotection  is  6  inches,  and 
for  bank  protection  3^  inches,  as  at  these  depths  beneath  the  top  surface  of  the  mat 
the  flow  of  water  was  sufficiently  retarded  to  cause  the  silt  with  which  it  was  charged 
to  be  precii)itated.  , 

The  bottom  velocities  in  the  vicinity  of  the  work,  as  near  as  could  be  obtained,  were 
from  5  to  d  feet  per  second.  It  is  possible  that  this  form  of  matting,  3  inches  in  thick- 
ness, would  serve  as  a  protection  against  currents  of  high  velocity,  but  the  margin  of 
safety,  if  any,  would  be  very  small,  and  it  could  not  be  expected  that  the  thianer  mar 
would  accumulate  ailt  in  its  lower  meshes  and  beooiue  so  hrmly  imbedded  as  a  mat  of 
greater  thickness. 

An  important  preciintion  to  be  taken  in  constructing  on  this  system  is  that  of  giv- 
ing the  mat  sufficient  strength  by  a  proper  thicknces  t^  prevent  its  pulling  apart,  and 
to  withstand  the  strains  produced  by  strong  currents  while  lying  in  the  water  before 
sinking,  the  process  of  weighting  it  with  rock  and  the  action  or  whirls.  Present  cir- 
cumstances indicate  that  a  thickness  of  12  inches  is  sufiicient  for  a  mat  extending  50 
feet  from  shore;  this  thickness  is  equivalent  to  six-tenths  of  a  foot,  solid  measure. 

For  a  distance  of  6  feet  above  low -water  line  the  mat  should  be  at  least  12  inches 
thick,  BO  as  to  break  the  force  of  the  waves  raised  by  high  winds  and  passing  steam- 
boats, which  would  cause  the  toe  of  the  bank  to  slough  out  and  eventually  destroy 
it«  outline. 

On  account  of  the  erosion  along  the  Nebraska  shore,  before  alluded  to,  a  correspond- 
ing shoaling  appeared  imminent  along  the  Iowa  shoi'e  in  front  of  Sioux  City;  owing 
"  0  the  continued  sta        '»•'-  ,,..., 

bis  action  until  Ji 
'hough  the  efficacy 

ter  of  conjecture,  the  case  was  one  that  warranted  the  emplo^'ment  of  even  doubtful 
measures.  For  a  diHtance  of  2,000  feet  above  where  the  dike  was  located,  the  channel 
followed  the  shore  of  the  Willow  Island,  which  consists  of  a*  tough  blue  clay,  and 
impinged  with  great  force  on  the  revetment  at  the  point,  which  gave  it  a  tendency  to 
cross  tlie  Iowa  shore. 

The  greatest  depth  of  water  on  the  section  of  the  projected  dike  was  16|  feet,  at 
about  50  feet  from  shore;  this  depth  gradually  decreased  to  14  feet,  at  about  500  feet 
out. 

The  surface  velocity  varied  from  8  to  10  feet  per  second  during  the  construction  of 
the  dike.  The  weeds  were  made  by  attaching  bunches  of  dogwood  brush  at  interval> 
of  from  2  to  6  feet,  on  a  three-fourths-inch  line,  from  45  to  GO  feet  in  length;  the  biioy.s 
consisted  of  coal-oil  barrels. 

Seme  trials  were  made  with  cot  ton  wood  boxes  filled  with  broken  rock  as  anchoi-n. 
The  boxes  were  at  first  made  to  contain  1,400  pounds  of  loose  rock;  this  weight  prov- 
ing inadequate  for  the  purpose,  the  size  of  the  box  was  increased  so  as  to  have  a 
capacity  at'  3,500  pounds;  this  size  was  also  found  insufficient  to  hold  the  weeds  to  au 
anchorage,  and  the  arrangement  was  abandoned.  Anchors  were  also  made  by  bend- 
ing flatwise  a  piece  of  bar  iron  4  by  -fg  inches  into  a  circular  shape,  4  feet  in  diameter,  a 
few  sacks  filled  with  broken  rock  were  attached  around  the  band  to  cause  it  to  bury  in 
the  sandy  bottom  more  rapidly.  The  results  with  this  form  of  anchor  were  not  satis- 
factory.   This  was  probably  due  to  the  insufficient  width  of  the  ir*>»»  »'s*»«l .  and  no  wider 
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iron  ^vas  at  the  time  obtainable.  Sacks  filled  with  rock  were  finally  used  altogether; 
the  number  and  sizes  attached  to  a  single  weed  varied  from  20  3-bushel  to  24  4-Dushel 
thicks. 

The  weeds  were  placed  in  position  from  a  flatboat  14  by  40  feet,  swnng  from  an 
anchor  placed  about  200  feet  up  stream;  they  were  spaced  not  less  than  10  feet  apart. 

A  great  many  weeds  without  bnoys  were  distributed  over  the  bed  of  the  river  in 
the  lino  of  the  dike  and  above  it,  to  prevent  scour  and  hasten  a  deposit. 

After  the  dike  had  been  carried  out  a  distance  of  300  feet  from  shore,  it  was  found 
that  owing  to  the  difficulties  of  construction  its  cost  was  greatly  exceeding  the  esti- 
mate ;  and  further  work  on  it  was  discontinued,  with  your  approval,  on  August  15.  Its 
cost  was  $3  per  linear  foot. 

The  effect  of  the  dike  was  noticeable  in  distributing  the  currents  and  thereby  lessen- 
ing their  force  along  the  Nebraska  shore  for  a  distance  of  600  feet  below. 

About  the  middle  of  September  an  accretion  from  6  to  10  fe<*t  thick,  extending  45 
ffi't  from  shore  and  200  feet  in  length,  rapidly  formed  above  and  below  the  dike. 

As  there  was  every  probability  of  a  further  encroachment  occurring  on  the  bank 
above  Covington,  in  subsequent  floods,  the  plan  laid  down  for  the  season's  work  was 
changed,  and  the  part  of  the  project  which  embraced  the  revetment  of  the  Nebraska 
iihore  was  undertaken  on  a<'count  of  being  the  most  urgent. 

This  work  was  begun  on  the  26xh  of  August,  and  was  completed  September  22.  It 
consisted  in  building  a  continuous  woven  mattress  2,000  feet  m  length  with  an  average 
'nidth  of  69  feet.  The  thickness  of  the  mat  below  the  water  line  was  12  inches;  on  tne 
bank,  6  inches. 

In  weaving  and  launching  the  mat,  the  same  boat  and  frame  were  used  that  had 
Wen  built  for  this  purpose  the  previous  summer,  a  'Rawing  of  which  accompanies 
this  report.  The  up-stream  end  of  the  mat  overlapped  the  revetment  at  the  Point  50 
feet. 

The  bank  to  be  protected  consisted  of  layers  of  very  fine  sand,  and  caved  rapidly 
when  exposed  to  currents  of  ordinary  velocity. 

The  elevation  of  the  top  of  the  bank  was  2*0  feet  above  low  water,  "^'ith  an  almost 
vertical  face.  The  bed  of  the  river  sloped  from  the  foot  of  the  bank  with  an  inclina- 
tion of  3  horizontal  to  1  vertical  for  a  distance  of  40  or  50  feet  from  shore,  where  the 
water  attained  its  greatest  depth. 

Between  the  elevations  of  ordinary  liigh  and  low  water,  the  bank  sloped  to  an  angle 
of  '29^,  The  mat  extended  from  the  top  of  the  slope  to  a  distance  of  40  feet  out  from 
the  water  line.  In  building  the  mat  the  workmen  were  placed  8  or  9  feet  apart  in  a 
line  at  right  angles  to  the  direction  of  the  bank,  and  were  kept  supplied  with  brush 
by  laborers  hired  at  a  lower  rate  of  pay.  The  bundles  of  brnsli  were  laid  on  wooden 
horses  placed  on  the  mat ;  this  was  found  to  be  advantageous,  as  the  brush  was  han- 
dled with  greater  rapidity  if  kept  dry.  The  brush  used  was  of  uniformly  good  qual- 
ity ;  it  consisted  of  green  willows  from  10  to  20  feet  in  length,  sorted  and  tied  up  in 
bundles  about  10  inches  in  diameter ;  it  was  delivered  on  the  river  bank  at  the  work 
for  $1.60  per  cord. 

During  the  progre^ts  of  the  work  large  tree  stumps  were  frequently  found  beneath 
the  water  surface  near  the  bank.  Some  of  these  stumps  could  not  be  removed  without 
delay  to  the  work  and  considerable  exi)ensc,  and  it  was  not  deemed  desirable  to  build 
over  them  in  cases  where  they  were  standing  upright.  To  overcome  this  ditficulty 
an  opening  of  proper  size  was  left  in  the  mat  in  each  case,  so  that  when  it  was 
liunk  the  stumps  would  not  form  an  obstruction  to  its  lying  evenly  ou  the  bottom. 
The  edges  of  these  openings  were  selvaged  to  prevent  raveling.  The  outer  edge  of 
the  entire  mat  was  also  secured  by  turning  in  the  brush  and  making  a  heavy  selvage. 
The  greatest  care  is  necessary  with  this  part  of  the  mat;  if  imperfectly  done  the  work 
is  liable  to  ravel  and  pull  apart.  At  the  lower  end  of  the  work^'  for  a  length  of  70 
feet,  where  there  was  some  danger  to  be  apprehended  from  the  effect  of  eddies,  during 
higu-water  stages,  the  whole  height  of  the  bank  was  sloped  and  the  matting  carried 
back  over  the  top.  After  the  revetment  was  completed,  the  upper  part  of  the  bank 
whicb  had  not  been  sloped  was  thrown  down  on  the  matting  above  the  water  line, 
with  the  principal  object  in  view  of  causing  the  willows  to  grow,  although  the  brush 
was  not  cut  at  the  most  favorable  season  for  this  purpose. 

The  sinking  of  the  mat  was  accomplished  by  distributing  rock  from  a  flatboat, 
which  was  gradually  dropped  down  stream,  broadside  over  the  mat  as  it  sunk.  One 
cubic  yard  of  broken  rock  was  used  to  sink  1,150  square  feet  of  mat.  The  rock  used 
for  sinking  was  a  limestone  of  light  density ;  it  was  towed  in  flatboats  from  Sioux 
City,  where  it  was  delivered  on  the  river  bank  at  |2  per  cubic  yard. 

About  300  linear  feet  of  mat,  equivalent  to  three  days'  work,  was  usually  sunk  at  one 
time.  The  distance  between  the  boat  and  the  sunken  portion  of  the  mat  was  never 
allowed  to  be  less  than  80  feet. 

An  average  day's  work  for  a  gang  of  six  expert  workmen  and  nine  ordinary  labor- 
em  was  6.600  square  feet  of  mat,  in  the  construction  oi  which  32  cords  of  brush  were 
n9»e<l. 
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Aa  regards  the  permanency  of  revetments  constmcted  on  this  system,  I  am  of  :!•»» 
opinion  that  if  the  work  in  tlie  first  inst-ance  is  done  in  a  thorough  manner,  and  re^tairn 
are  mad^  when  needed,  their  usefulness  can  be  perpetuated  indetinitely,  as  tlie  uiaif- 
rial  used  will  not  deterioi-ate  below  extreme  low- water  stage,  and  the  upper-baiik  i>i«>- 
teetion  can  at  any  time  be  renewed  and  connect<ed  with  the  submerged  ijortioo. 

The  following  is  a  detailed  statement  of  the  cost  of  the  revetment  per  linear  f'V)% 
built  on  Ihc  NebroHka  nhorc  above  Covington: 

STATEMKXT. 

Brush,  36.75  cubic  feet,  ]»er  linear  foot,  at  $1,60  per  cord 4?*.94 

Brokeu  rock,  1.6  cubic  feet,  per  linear  foot,  at  $2  per  cubic  yard ll.^'> 

Cost  of  material  per  linear  foot Tw.*!) 

Grubbing  and  cleaning 0106 

Sloping  bank 1000 

Covering  bank  mat  with  earth 0470 

Weaving  mat 2biM 

Sinking  mat 0050 

Handling  and  transporting  stone 0371 

Measuring  and  inspecting  material 016rt 

Repairs  to  boats  and  incidentals O'.UiO 

Superintendence 0750 

Cost  of  labor  per  linear  foot r>'.3(l 

Total  cost  per  linear  foot |1  1C.1'» 

I  am,  major,  very  respectfully,  your  obedient  servant, 

Samufx  H.  Yoni.k, 

AsnUtaut  Ertfjifuer. 
Maj.  Charles  R.  Suteb, 

CorpH  of  Kngincti'Sf  r.  S.  A. 


•  ADDENDA. 

8AIXT  Loris,  Mo.,  Julff  *i3,  l^-^O. 

Major  :  An  inspection  of  the  mat  work  constructed  at  Sioux  City  last  fall  showed 
that,  though  it  had  settled  in  x)laces,  it  had  nowhere  pulled  apart  throughout  its  len^zth 
of  2. 000  feet. 

About  1,000  linear  feet  of  bank,  of  the  2,300  feet  protected,  washed  out  during  the 
high  water  of  June;  this  caving  docs  not  extend  back  at  any  point  a  greater  di^tuncM' 
than  20  feet. 

I  am  informed  that  a  great  deal  of  the  bank  washing  under  the  revetment  wa-t 
brought  about  by  the  action  of  the  waves  of  the  storm  during  the  early  part  <»f  Jui**. 
I  am  led  to  believe  that  this  caving  consisted  of  a  sloughing  out  of  the  line  sand  cum- 
|N>8ing  the  bank  through  and  under  the  mat,  after  being  saturated. 

The  channel  continues  to  follow  closely  the  Nebraska  shore  above  Covington,  aii<l 
considerable  caviiig  has  occurred  below  the  lower  end  of  the  work  during  the  A]»iil 
and  June  floo<ls.  This  caving  still  continues,  and  is  greatly  increased  by  the  h.;;!i 
winds  common  to  this  locality. 

Very  respectfully,  your  obedient  servant, 

Sam^i.  H.  Yoxge, 

Aftftiniant  Knginier. 
Maj.  CiiAS.  R.  SiTER, 

CorpH  of  KHyineerhj  V.  S.  A. 


t     . 


Q  i6. 

IMPROVEMENT  OF  THE  MISSOURI  RIVER  AT  VERMILLION,  DAKOTA. 

As  Stated  in  iny  last  report,  the  works  projected  at  this  place  are 
dcsigneil  to  secure  the  bank  of  the  riverain  the  vicinity  of  Vennillion, 
and  bv  certain  rectifications  in  the  channel,  to  secure  a  stable  regimen. 
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Nearly  all  the  small  appropriation  was  expended  at  the  date  of  my 
laafreport,  and  only  some  triflini:^  repairs  have  been  executed  since  then. 

The  destruction  of  the  floatfng  dikes  by  some  unknown  parties  allowed 
the  river  to  return  to  the  channel  in  front  of  the  town,  and  the  revet- 
meut  was  violently  attacked  during  the  spring  rise.  Some  damage  was 
done,  but  it  was  quickly  repaired,  and  the  work  has  since  stood  well. 

For  details,  I  beg  to  refer  to  the  accompanying  report  of  Assistant 
S.  11.  Yonge,  who  had  charge  of  the  work. 

The  present  appropriation  will  be  expended  in  the  prosecution  of  the 
plan  adopted,  more  especially  in  endeavoring  to  avert  the  cut-oflf  threat- 
ened above  the  town,  and  in  renewing  the  attempt  to  divert  the  channel 
of  the  river  to  the  east  side  of  Vermillion  Island. 

I  must  again  call  attention  to  the  fact  that  the  appropriation  is  en- 
tirely incommensurate  with  the  amount  of  work  required  and  already 
estimated  for. 

Unless  these  appropriations  are  increased  in  amount,  the  ultimate 
cost  will  greatly  exceed  the  amount  of  the  lirst  estimate,  which  is  nec- 
e^isarily  based  on  the  supposition  of  continuous  work  being  x)08sible. 

The  work  is  situated  in  the  colhiction  diHtrict  of  New  Orleans,  aud  the  iieareHt  port 
of  <li*Iivery  is  Omaha,  N**l>r. 

The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  collecte<l  in  Ouiaha,  Nebr.,  during  liscal  year  ending  June  30, 
\*^K  was$:?,<;05.21. 

Money  statement. 

July  1,  1H79,  amount  available i?l,  256  :i5 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$11,256  35 

July  1,  1880,  amount  expended  dnring  fiscal  year 1, 254  20 

July  1,1880,  amount  available 10,002  15 

Amount  (estimated)  required  for  completion  of  existing  project 60, 000  00 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 . .     60, 000  00 


REPORT  OF  MR.   SAMUEL  H.   TONGE,  ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  July  7,  1880. 

Major  :*I  herewith  submit  my  report  of  operations  conducted  at  Vermillion,  Dak., 
during  the  fiscal  year  ending  June  30,  IbSO. 

After  the  destruction  of  the  dike,  situated  2  miles  above  Vermillion,  the  accretiona 
which  had  accumulated  around  it  rapidly  disappeared.  This  allowed  the  river  to  re- 
turn to  the  Western  Chute  and  a  further  silting  up  of  the  Eastern  Chute  to  occur. 
Dnring  the  high- water  in  July  I  estimated  that  at  least  nine- tenths  of  the  discharge  of 
the  river  passed  through  the  former  chute.  Ar  the  town  the  current  impinged  against 
the  revetment  at  an  angle  of  about  45^,  and  on  the  night  of  July  5,  1879,  a  section  of 
mattioi;  70  feet  long,  situated  400  feet  below  the  head  of  the  work,  failed  by  tearing 
apart  at  the  foot  of  the  slope  and  by  pulling  out  from  the  bank*.  This  breach  left  the 
a<ljac<,'nt  portions  of  the  work  exposed  to  the  action  of  the  currents,  which  began  to 
undermine  the  bank. 

The  necessary  repairs  were  immediately  begun,  and  about  150  feet  of  the  mat  under 
which  the  bank  had  been  undermined  was  tied  up  with  ropes  to  trees  aud  post<s.  A 
new  layer  of  matting  was  begun  20  feet  back  on  the  bank  and  carried  over  and  woven 
into  the  old  mat. 

During  the  remainder  of  the  high-water  the  mat  served  as  a  very  efhcient  protection. 
The  accom]>anying  cross-section  sketch  shows  the  shape  of  the  bank  whore  the  break 
in  the  revetment  occurred. 

At  the  time  the  mat  was  constructed  the  top  of  the  bank  was  from  3  to  8  feet  above 
tlie  8»rfa<.'e  of  the  water,  and  in  consequJMice  the  slope  did  not  have  sufficient  snrface 
t<>  give  a  very  strong  anchorage  to  the  weaving  ;  that  part  of  the  mat  above  water, 
th»-reforP,  was  heavily  weighted  with  stone.  As  this  mat  was  constructed  without 
the  nse  of  a  boat,  it  was  necessary  to  weave  so  that  the  outer  edge  would  remain  above 

92  £ 
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water,  as  it  was  carried  out  from  the  shore,  to  give  the  workmen  a  place  to  stand;  for 
this  reason  the  outer  e<l^e  of  the  mat,  when  iiniBhod  and  sunk,  raised  above  the  bottom, 
as  ia  HhowD  in  the  sketch. 

Owing  to  the  ntc^ep  angle  which  the  mat  assumed  when  sunk,  a  large  quantity  of  the 
stone  balhist  wliich  had  bcou  diHtributrd  over  the  mat  rolled  and  accumulated  m  the 
pocket  made  by  the  rising  of  the  outer  edge. 

It  is  x>robable  that  in  swift  currents  this  outer  edge  would  have  the  see-aaw  motion 

Scculiar  to  sawyers  in  the  river,  which,  if  continued  for  a  few  days,  would  have  a  ten- 
ency  to  cause  the  mat  to  ravel  and  pull  apart. 

By  the  method  adopted  subsequently  at  Sioux  City,  where  a  boat  with  inclined 
launchways  was  used,  all  parts  of  the  mat  as  launched  were  equally  submerged,  and 
the  work  was  carried  down  stream  instead  of  across  the  current.  This  was  found  to 
give  a  far  stronger  construction  than  the  old  method,  owing  to  the  fact  that  the  brash 
could  be  stuck  into  the  mat  at  a  lower  angle,  so  that  each  piece  of  brush  was  woven 
in  with  a  great  number  of  other  pieces.  After  the  completion  of  the  repaire,  before 
referred  to  in  this  rt'port,  all  operations  at  Vermillion  were  suspended. 

Durin£[  the  low  stage  of  water  last  spring  the  citizens  of  Vermillion  made  some  very 
substantial  repairs  to  the  revetment,  and  I  am  of  the  opinion  that  the  town  is  com- 
paratively safe  for  several  high- water  seasons. 

Heavy  cutting  has  taken  place  on  the  down-stream  side  of  the  neck  of  land  southeast 
of  Vermillion,  and  a  slight  cutting  on  the  upper  side  of  the  same  neck  during  the  last 
Jane  flood.  The  danger  ol  a  cut-off  through  this  neck  is  somewhat  increa^d  on  ac- 
count of  the  river  bank  on  the  upper  side  of  the  neck  being  only  slightly  elevated 
above  ordinary  high- water  stage,  and  the  surface  of  the  ground  across  the  neck  inclin- 
ing toward  the  down-stream  bank.  This  danger  would  be  lessened  by  the  construc- 
tion of  a  low  levee,  about  1  mile  in  length,  along  the  river  bank  in  North  Bend. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

Samuel  H.  Tonqe, 

Aufistant  Engineer. 
Maj.  Charles  R.  Suter, 

Corps  of  Engineers,  U,  S.  A. 


IMPROVEMENTS  ON  THE  MISSOURI  RIVER. 

In  my  last  report  I  made  a  brief  statement  of  the  principles  apon 
which  these  improvements  are  based,  and  of  the  general  conclusions  to 
which  I  had  then  arrived.  The  practical  experience  of  another  year  has 
fully  confiimed  these  conclusions,  while  much  valuable  information  hAS 
been  collected. 

Experiments  have  been  carried  out  on  the  various  plans  and  devices 
suggested,  and  have  resulted  in  a  notable  saving  in  cost  and  increase  of 
efficiency.  It  has  been  definitely  settled  that  continuity  in  mattress  work 
is  essential,  and  that  when  this  condition  is  fulfilled  a  very  simple  and 
to  all  appearances  very  slight  protection  is  amply  sufficient.  Various 
forms  of  continuous  mattresses  were  tried,  most  of  them  some  variation 
of  the  woven  type.  They  are  all  described  in  the  reports  of  the  assist- 
ants who  used  them. 

Towards  the  close  of  the  season  experiments  were  being  made  on  still 
simpler  types,  one.  of  which  is  described  in  the  report  on  Glasgow,  and 
the  work  of  this  season  will  probably  throw  further  light  on  this  subject. 

The  greatest  interest,  however,  attaches  to  the  silt-catching  devices, 
as  by  their  use  it  is  hoped  to  accomplish  the  training  and  contracting  of 
the  river,  thereby  deepening  the  channel  and  insuring  a  stable  regimen. 

These  works  are  of  limited  application,  except  during  high-water 
stages,  so  that  our  opportunities  for  work  were  limited. 

The  "Brownlow  weeds,"  described  in  previous  rejwrts,  were  thor- 
oughly tried,  and  although  they  are  very  efficient  under  favorable  cir- 
cumstances, yet  there  are  palpable  disadvantages  attending  their  use, 
and  they  have  been  entirely  discarded  for  more  efficient  constructions, 
which,  under  the  head  of  curtains,  will  be  found  described  at  length  in 
the  reports  on  Nebraska  City  and  Omaha. 
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These  curtains  or  screens  were  first  constructed  of  brush  and  wire, 
the  brush  being  vertical  and  the  wires  horizontal,  with  meshes  6  to  8 
inches  wide  and  4  feet  high.  Later  a  netting  of  wire  alone  was  tried, 
and  gave  such  good  results  that  it  will  be  generally  adopted  this  year. 
The  advantage  of  this  system  is  that  the  netting  can  be  manufactured 
in  quantities  beforehand,  so  that  no  loss  of  time  need  be  incurred  in 
placing  it  in  position.  Moreover,  the  wire  is  cheaper  than  brush,  and 
can  be  procured  in  any  amounts  needed  at  short  notice.  The  only  points 
to  be  settled  are  the  best  size  of  mesh,  and  the  most  economical  system 
of  manufacture  and  placing  in  position.  These  screens,  when  anchored 
in  the  river,  at  once  begin  to  accumulate  floating  rootlets,  grasses,  and 
other  similar  materials,  so  that  the  mechanical  resistance  of  the  screen 
to  the  free  flow  of  the  current  goes  on  increasing.  A  deposit  begins  at 
once,  and  in  an  incredibly  short  time  a  bar  is  formed  on  and  below  the 
screen,  which  may  in  very  short  time  be  brought  to  the  surface  of  the 
water.  Upon  this  bar  the*  screen  finally  sinks,  and  then  acts  as  a  revet 
ment  for  its  preservation.  In  high-water  a  diamond-shaped  mesh  16 
inches  wide  by  24  inches  high  has  been  found  much  too  small,  the  net 
being  dragged  to  the  bottom  by  the  accumulation  of  dSbrishefore  the 
desired  shoaling  had  been  accomx)lished.  Heretofore  these  screens  have 
been  supported  by  buoys,  the  lower  edge  being  of  course  anchored,  but 
this  method  presents  so  many  difficulties  that  attempts  will  be  made 
hereafter  to  support  them  by  piling,  as  piles,  it  is  found,  can  be  quickly 
and  cheaply  sunk  by  the  use  of  a  water  jet. 

The  great  amount  of  bank  grading  required  is  an  important  item  in 
the  cost  of  the  work. 

Experiments  made  at  Omaha  have  shown  that  the  hydraulic  method 
ofliers  great  advantages  both  as  regards  expeditiousness  and  economy. 
Further  statistics  on  this  head  will  be  obtained  during  the  season. 

The  appropriations  for  the  present  year  are  small,  and  to  insure  the 
best  results  from  their  expenditure  I  believe  that  the  greater  portion  of 
the  money  should  go  to  works  of  channel  rectification.  By  this  means 
it  is  hoped  that  results  of  immediate  and  lasting  benefit  may  be  obtained, 
with  the  ultimate  effect  of  a  reduction  in  the  amount  of  bank  revetment 
needed.  To  do  this  work  to  best  advantage  high-water  is  needed,  and 
as  the  season  when  this  may  be  expected  is  now  past,  it  is  proposed  to 
confine  the  present  work  to  such  operations  only  as  may  be  absolutely 
indispensable,  and  to  work  of  preparation. 

When  the  ice  goes  out  in  the  spring  active  operations  will  be  com- 
menced; and,  as  we  will  then  have  both  the  spring  and  summer  floods 
to  work  on,  it  is  hoped  that  results  of  importance  will  be  obtained.  In 
order  to  carry  out  this  programme,  it  will  be  of  the  utmost  importance 
that  next  year's  appropriations  may  be  made  available  at  an  early  date, 
in  order  that  the  work  may  be  continuously  prosecuted. 

The  manner  in  which  appropriations  are  made  for  these  works  is  open 
to  many  and  grave  objections.  While  the  aggregate  sum  alloted  for  the 
work  is  a  large  one,  the  special  points  designated  for  .its  expenditure  are 
so  numerous  and  so  scattered  that  cooperation  is  impossible.  Each 
work  must,  therefore,  have  a  separate  plant,  and  this,  with  the  neces- 
sary supervision,  is  a  very  heavy  tax  on  the  individually  small  appro- 
priations. Moreover,  the  appropriations  are  generally  for  some  specific 
purpose,  and  work  must  be  necessarily  prosecuted  accordingly,  often  at 
great  expense,  although  the  general  results  arrived  at  might  be  obtained 
at  less  cost  and  with  greater  general  benefit  by  the  adoption  of  a  more 
comprehensive  and  less  restricted  plan. 

The  small  annual  appropriations  are  never  great  enough  to  enable  any 
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piece  of  work  to  be  completed;  but  only  when  completed  can  it  be  con- 
sidered safe;  hence,  an  undue  proi)ortion  of  each  year's  allotment  must 
go  to  repairs  of  old  work,  and  progress  towards  final  completion  is  cor- 
respondingl}'^  slow. 

in  a  river  of  such  instability  as  the  Missouri  no  work  can  standby 
itself,  but  its  relation  to  all  neiji:hboring  works  is  intimate,  and  its  de- 
pendence on  them  very  great,  llence  plans  must  be  comprehensive,  and 
work  thorough,  complete,  and  ra])idly  carried  out,  otherwise  results  will 
be  very  uncertain,  and  the  cost  unreasonably  great.  I  believe  that  the 
only  solution  of  the  problem  is  the  complete  rectification  of  the  river, 
which  I  hold  to  be  feasible  at  a  reasonable  cost;  but  this  work  will  re- 
quire to  be  systematic,  and  carried  on  with  no  restrictions  ui>on  the 
iudgn»i»nt  of  the  engineer  as  to  time  and  i)lace  of  expenditure.  By  mak- 
ing the  work  complete  in  sections  of  limited  extent,  I  think  that  it  could 
be  carried  on  without  imposing  too  heavy  a  burden  upon  the  Treasury. 
I  have  now  in  i)repa ration  and  hoi)e  soon  to  submit  a  report  on  this 
subject,  with  plan  and  estimates  for  the  permanent  improvement  of  the 
river  as  far  as  covered  by  out  surveys;  that  is,  from  the  mouth  to  Sioux 
City,  Iowa,  a  distance  of  about  800  miles. 

If  the  plan  proposed  proves  accei)table,  it  is  hoped  that  systematic 
and  thorough  work  may  soon  supersede  the  prcvsent  disjointed  and  des- 
ultory oi)erations. 

The  assistants  in  local  charge  of  works  have  displayed  great  zeal  and 
energy  in  the  ])rosecution  of  the  duties  assigned  them,  and  also  much 
ingenuity  and  fertility  of  resource  in  devising  methotls  of  work  and 
8i)ecial  api)liances  for  overcoming  the  dilticulties  wliich  presented  them- 
selves. * 

The  immediate  super\ision  of  the  works  on  the  Missouri  was  in  charge 
of  my  assistant,  Capt.  Thomas  H.  Handbury,  Corps  of  Engineers,  U.  S.  A. 


Q  17. 

SURVEY  OF  THE  MISSOURI  RIVER  FROM  ITS  MOUTH  TO  FORT  BENTON, 
MONTANA,  AND  SURVEY  OF  THE  MISSOURI  RIVER  FROM  ITS  MOUTH  TO 
SIOUX  CITY,  IOWA. 

At  the  date  of  my  last  report  the  party  engaged  in  this  work  were  80 
miles  below  Sioux  City,  Iowa,  working  down  towards  Weston,  Mo.,  the 
initial  point  of  the  previous  season's  work.  The  field  work  was  closed 
at  this  point  September  6, 1879.  Since  then  the  field  notes  have  been 
platted  to  a  scale  of  1  inch  to  1,000  feet,  making  27  sheets,  each  40  by 
120  inches. 

During  the  present  season  it  is  proposed  to  connect  these  maps  with 
those  made  in  former  years  by  the  General  Land  Office,  to  ran  a  line  of 
check  levels  from  the  mouth  to  Sioux  City,  to  fill  in  details  of  topography 
which  have  been  found  lacking,  and  finally  to  reduce  the  maps  to  a 
smaller  scale  and  publish  them. 

The  honorable  Secretary  of  War  having  decided  to  allot  $4,000  of  this 
appropriation  to  the  work  at  Sioux  City  as  authorized  in  the  act  approved 
June  14, 1880,  the  operations  here  enumerated  will  exhanst  the  present 
ai)propriation. 

In  this  act  the  designation  of  the  appropriation  is  changed  so  as  to  fix 
the  head  of  the  survey  at  Sioux  Citj',  Iowa,  but  as  it  is  extremely  im 
portant  that  the  survey  of  this  great  river  should  be  continued  to  the 
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head  of  navigation,  I  submit  again  the  estimates  presented  last  year  for 
this  extension. 

The  work  of  the  survey  was  carried  on  as  during  the  previous  season 
under  the  direction  of  Assistant  D.  W.  Wellman. 

Money  statement. 

July  1, 1879,  amount  available : $20,271  62 

Amount  appropriated  by  act  approved  June  14,  1880 ...  1 30, 000  00 

$50, 271  62 

July  1, 1880,  amount  expeuded  during  fiscal  year 20, 119  80 

July  1, 1880,  amount  available 30,151  82 

Amount  (estimated)  required  tor  completion  of  existing  project 100, 000  00 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30,  1882.    50, 000  00 


Q  x8. 

IMPROVEMENT  OV  GASCONADE  RIVER,  MISSOURI. 

A  survey  was  made  last  season  of  the  Gasconade  River  between  its 
month  and  Vienna,  in  Maries  County,  a  distance  of  78  miles.  A  report 
ou  this  subject,  with  estimates,  was  submitted  to  you  under  date  of  Feb- 
ruary  11, 1880,  and  was  published  as  Senate  Ex.  Doc.  No.  99,  Forty-sixth 
Cong.,  second  session. 

Congress,  by  act  approved  June  14, 1880,  appropriated  $5,000  for  the 
removal  of  snags  from  the  stream.  It  is  proposed  to  expend  this  sum 
in  the  manner  required  by  the  law  as  soon  as  the  river  gets  to  a  low 
stage,  carrying  the  work  as  far  as  the  available  funds  will  allow. 

This  work  Ib  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Saint  Louis,  Mo.  The  nearest  fort  is  at  lieaven worth,  Kans.  Amount 
of  revenue  collected  at  the  port  of  Saint  Louis,  Mo.,  during  the  fiscal  year  ending  June 
30,  IdSO,  was  $1,176,009.57. 

Money  statement 

Amount  appropriated  by  act  approved  June  14, 1880 $5,000  00 

July  1,  1880,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 45, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  45, 000  00 


surtst  of  aasconade  biyeb,  missoubi,  fbom  yienna,  in  masies 

county,  to  its  mouth. 

United  States  Engineer  Office, 

Saint  Loui8j  Mo.y  February  11, 1880, 

Oenebal  :  I  beg  leave  to  submit  herewith  a  copy  of  a  report  of  my 
assistant,  Thomas  T.  Johnston,  on  the  Gasconade  River,  Missouri,  from 
Vienna,  in  Maries  County,  to  its  mouth.  The  survey  of  this  stream  was 
made  ilnder  my  directions  by  Assistant  Johnston  during  the  past 
season.  * 

From  this  report  it  appears  that  for  this  portion  of  the  Oasconade, 
some  78  miles  in  length,  it  is  a  small  stream,  the  low-water  discharge 
being  only  450  cubic  feet  per  second.  The  faU  is  heavy — ^108  feet  m 
this  distance — and  the  river  is  much  obstructed  by  lofravel  bnrs,  the 
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channels  through  which  are  tortuous  and  shallow.  To  thoroughly  im- 
prove a  stream  of  this  character  is  a  very  costly  operation,  and  before 
suitable  plans  could  be  prepared,  more  study  and  observation  would  h% 
required  than  the  hurried  nature  of  our  survey  has  enabled  us  to  bestow 
upon  the  subject. 

There  is  not  much  steamboat  navigation  on  the  river,  but  the  rafting 
interest  is  important.  Under  these  circumstances  it  has  seemed  best  to 
confine  our  attention  for  the  present  to  a  project  for  deepening  and 
straightening  the  low-water  channels  over  the  worst  shoals  by  means 
of  low,  cheaply-constructed  dikes,  and  for  removing  the  snags  which 
now  obstruct  the  stream  in  many  places.  This  partial  improvement 
would  no  doubt  be  very  beneficial  to  all  the  interests  concerned,  and 
during  its  progress  opportunity  would  be  afforded  for  a  more  thorough 
study  of  the  problem. 

Assistant  «Tohnston's  estimate  for  this  work  is  $50,000,  which  could 
be  profitably  expended  in  one  season.  This  estimate  is  approved 
by  me. 

Copies  of  the  maps  of  the  survey  will  be  forwarded  as  soon  as  thej 
can  be  traced. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Ghas.  B.  Suteb, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  EngineerSj  U.  8.  A. 


REPORT  OF  MR.   THOMAS  T.   JOHNSTON,  ASSISTANT  KNGIKERR. 

Saint  Loms,  Mo.,  January  30,  1880. 

Major  :  I  have  the  honor  to  snbmit  the  foUowing,  being  my  report  of  the  survey  of 
and  the  practicability  of  improving  the  Gasconade  River  m>m  Indian  Ford  (near 
Vienna),  in  Maries  County,  Missouri,  to  the  mouth  of  the  river,  and  which  was  done  in 
accordance  with  instructions  received  from  you  dated  August  20, 1879,  and  Septemb^ 
9,  1W9. 

The  survey  of  the  river  was  commenced  September  17,  1879,  and  completed  October 
S29,  1879.  A  stadia  line  was  run  along  the  course  of  the  river,  from  which  all  other 
points  were  located.  The  length  of  each  change-line  was  measured  from  both  ends. 
The  directions  of  the  lines  were  checked  by  reference  to  the  true  meridian  about 
every  20  miles. 

Topography  back  from  the  river  bank  was  sketched  as  fiff  as  time  and  the  amonnl 
of  the  allotment  permitted.  A  line  of  levels  was  run  to  which  the  water  surface  wai 
referred  at  about  every  500  feet  aldnjg;  the  pools,  and  at  shoals  8u£9cient  elevations 
were  taken  to  determine  the  manner  in  whicn  the  water  gets  over  them  with  reference 
to  shape  and  slope.  Cadenced  soundings  were  taken  in  pools  on  sections  averaging 
about  400  feet  between  centers ;  on  shoals  sufficient  soundings  were  taken  to  detei^ 
mine  its  shape  and  the  water  depths,  the  sounder  wading  and  pacing  between  sound- 
ings, thus  getting  them  equidistant. 

The  country  adona  the  river  was  examined  as  far  as  possible.  The  aocompanyinff 
maps  show  the  results  of  the  work,  except  that  only  enough  soundings  were  plattea 
to  show  the  ruling  depths  on  sections. 

This  part  of  the  river  crosses  from  side  to  side  of  a  crooked  vaUey  betweeu  blniEi, 
which  are  frt>m  1,000  feet  to  1  mile  (about)  apart,  the  faces  of  which  toward  the  valley 
show  distinctly  northeast  and  northwest  trends ;  the  general  direction  of  the  stream 
is  northeasterly. 

The  blufib  are  often  precipitous,  with  rock  ledges  out-cropping;  in  a  few  inatanoes 
they  rise  vertically  from  the  water's  edge,  and  in  a  few  instances  they  were  observed 
to  rise  abruptly  from  the  level  and  high  bottom  lands.  They  are  generally,  however, 
footed  by  a  talus  which  frequently  obscures  the  original  bluff  face.  Tlie  country  in 
Maries  County  and  Southern  Osage  County,  near  the  river,  is  excessively  broken, 
especially  on  the  west  side;  the  ridges  are  a  mass  of  angular  stones,  varying  in  sict 
from  small  gravel  to  pieces  weighing  several  hundred  pounds ;  the  forests  are  thin  and 
the  underbrush  scant ;  on  the  hulaides  and  in  the  bottoms  the  land  is  more  or  less  fertile. 
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and  luach  of  it  und«r  cultivation ;  toward  the  MisHOuri  River  and  east  of  the  river  the 
•onntry  is  less  jagged;  it  is  thickly  settled  by  Germans,  who  have  placed  most  of  the 
land  (hill-top,  side-hill,  and  bottom  land)  under  cultivation,  growing  grapes,  wheat, 
and  com  in  large  quantities. 

The  bottom  lands  are  quite  level,  being  at  the  river  banks  generally  about  20  feet 
above  the  low-water  level  of  the  river;  in  such  places  as  the  river  is  shifting  about,  or 
is  influenced  by  the  tributaries  or  by  original  valley  topography,  there  are  lower  lands 
subject  to  frequent  overflow.  They  are  for  the  greater  part  very  fertile,  though  in 
many  places  too  sandy  to  be  of  much  value.  Where  the  river  banks  are  being  eroded, 
the  material  below  the  alluvial  crust  i^  shown  to  be  a  mixture  of  sand  and  gravel  in 
Taryin^;  proportions;  tributaries  cutting  through  the  bottom  lands  show  the  same 
formation.  No  evidence  of  bed-rock  was  observed  within  at  least  10  feet  of  the  low- 
water  level  of  the  river.  While  the  regular  trend  and  the  age  of  the  bluff  rocks  indi- 
•ate  the  pre-glacial  existence  of  the  valley,  the  limited  area  the  river  could  ever  have 
drained  and  tne  character  of  the  valley  formations  indicate  the  flow  of  a  large  amount 
of  water,  sncb  as  could  have  been  produced  by  the  melting  of  glaciers. 

The  river  is  a  series  of  pools  and  shoals,  the  low- water  width  of  the  channel  vary- 
ing from  60  to  500  feet,  but  bein^  generally  about  200  feet  wide ;  as  shown  on  the 
mapSj  the  depth  of  the  former  vanes  from  20  feet  to  3  or  4  feet,  but  for  the  most  part 
showing  a  depth  of  8  or  9  feet ;  the  current  in  these  is  almost  imperceptible  at  low- 
water.  The  maximum  depths  of  water  on  the  shoals  vary  fi^m  2.5  to  1.3  feet,  bat 
for  the  most  part  being  about  2  feet :  the  depth  varies  with  the  shape  of  the  shoal  to 
•ome  extent.  These  snoals  appear  'to  be  banks  of  gravel,  acting  as  dams  athwart  the 
eoorae  of  the  stream ;  sand  in  the  river  bed  is  absent  except  near  the  mouth.  The  fall 
of  the  river  from  Indian  Ford,  as  shown  by  the  levels,  is  107.895  feet,  the  Missouri 
River  being  low.  The  length  of  the  river  surveyed  is  78^  miles.  The  pools  (as  a  rale) 
lie  adjacent  to  the  bluffs,  while  the  shoals  (as  a  rale)  occur  where  the  river  crosses 
from  bloff  to  bluff;  they  occur  also  (as  a  rule)  very  close  to  where  the  river  commences 
a  crossing,  and  rarely  at  the  end  of  a  crossing ;  frequently  there  are  shoals  between 
these  points.  There  are  a  class  of  shoals  whicn  appear  to  be  the  consequence  of  some 
tributary,  doabtless  the  latter  bringing  in  material  that  the  river  is  incapable  of  mov- 
ing, thus  forming  a  nucleus  for  a  shoal.  Two  or  three  shoals  along  the  bluffs  are  doubt- 
less the  consequence  of  some  obstacle,  as,  for  instance,  a  bed  of  snag^.  Undoubtedly 
snags  have  exerted  a  large  influence  over  the  formation  of  shoals.  The  river  has  an 
oscillation  between  high  and  low  water  of  22  feet,  as  given  by  a  high- water  mark  at 
Pay  Down.    (Sheet  4.) 

The  slope  of  the  country  that  the  river  drains  is  such  that  the  waterpasses  off  rap- 
idly, the  river  rising  very  rapidly  and  staying  high  but  a  short  time.  The  prevalence 
of  low-water  is  indicated  by  the  growth  of  vegetation  close  to  the  low-water  line. 
Persons  living  along  the  river  were  a  unit  in  representing  the  river  to  have  been  on- 
asaally  low  auring  the  past  season.  It  was  noticed  that  scarcely  any  water  was 
brongnt  in  by  the  numerous  small  tributaries  below  Indian  Ford. 

IMPROVEMENT. 

The  qaantity  of  water  passing  through  the  stream  at  extreme  low-water  does  not 
vary  mnch  from  450  cubic  feet  per  second.  The  shoals  in  the  river,  acting  as  dams, 
hold  a  depth  of  water  behind  them  sufficient  for  all  needs  of  navigation,  while  the 
water  spreads  over  the  dams  in  a  more  or  less  thin  layer.  The  question  turns  on  a 
method  of  jpassing  these  dams.  Looks  would  answer  the  purpose,  but  are  unnecessary 
and  expensive.  The  present  needs  of  navigation  do  not  require  a  channel  of  more  than 
2.5  feet  depth  by  about  30  feet  bottom  width  and  60  feet  or  more  sorfrMse  width.  Tlie 
sectional  area  of  the  stream  on  the  shoals  shows  that  this  can  easily  be  had.  It  is 
believed  that  this  can  be  had  by  using  win^-dams  and  dikes  of  various  oonstruotion. 
A  considerable  care  must  be  used  on  plaomg  them,  particularly  to  make  them  suffl- 
dently  low.  They  should  be  no  higher  than  sufficient  to  maintain  the  required  chan- 
nel. Some  years  ago  Powell's  dam  (sheet  25)  was  built,  which  has  caused  changes  in 
the  river  especially  detrimental  to  navigation.  It  had,  probably,  a  fall  of  4  feet ;  as  a . 
consequKnce,  the  river  below  has  a  large  fall  and  numerous  shoals;  exactly  what  its 
effect  has  been  is  difficult  to  decide,  but  an  examination  of  the  map  will  show  it  in  a 
measore.  Using  a  shoal  in  the  capacity  of  a  dam  involves  the  Consideration  of  its  . 
•lability ;  the  apparent  relations  between  the  i>ositions  of  shoals  and  the  features  of 
the  river  indicate  their^rmanency ,  though,  doubtless,  slow  changes  may  exist ;  the 
material  of  which  they  consist  is  somewhat  difficult  of  transporUition,  though  the 
ease  of  Powell's  dam  shows  that  it^s  moved  in  not  small  quantities ;  the  way  gravel  has 
banked  up  below  the  dam  shows  what  may  be  expected  at  any  other  dam ;  an  arti- 
ficial obstruction  at  Stake  Shoal  (sheet  29)  indicates  the  same  thing;  ]ikewise*the 
shoal-forming  capacity  of  snags.  A  low  dam  or  immovable  ridge  on  the  crest  of  a 
bar  shoal  will  prevent  any  nndesirable  changes,  being  coupled  witn  needed  protections 
at  the  river  banks.  Being  assured  of  the  permanency  of  the  shoals,  the  works  on  any 
■hoal  may  be  considered. 
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PrimarilVf  these  Bhonld  not  damage  the  river  elsewhere;  to  satisfy  this  condition  the 
dams  should  he  as  low  as  possible,  and  not  much  alter  the  elevatioi^  of  or  fall  oyer  a 
shoal.    It  is  partly  on  this  account  that  it  would  be  unadvisable  to  scrape  a  channel 
through  the  gravel  shoals,  thus  reducing  the  level  of  the  pool  above,  and  maybe 
developing  new  shoals ;  moreover,  this  process  would  be  equivalent  to  making  wing- 
dams  of  loose  gravel,  which  material  (from  personal  observation)  is  easily  moved 
when  the  regimen  of  the  stream  is  molested.    While  satisfying  this  primary  condition 
it  must  be  considered  how  and  where  the  channel  over  the  shoal  is  to  be.    Its  width 
will  be  governed  by  the  fall  over  the  shoal  and  the  variation  from  the  depth  of  chan- 
nel proposed ;  this  latter,  to  be  accurate,  will  have  to  be  determined  by  actual  experi- 
ment; with  the  proposed  channel-depth  sufficient  width  (and  more)  can  be  had  and 
the  variation  therefrom  may  have  to  be  governed,  but  to  what  extent  remains  to  be 
determined  ;  however,  it  is  believed  that  sufficient  is  known  concerning  the  probable 
variation  upon  which  to  base  estimates. 

The  location  of  the  channel  over  the  shoals  involves  the  consideration  of  its  ease  of 
navigation ;  the  cost  of  forming  it ;  its  chances  of  maintenance  ;  the  conditions  above 
prescribed ;  and  the  consideration  of  erosion  of  banks.  Experience  has  shown  thai 
boats  can  move  up  stream  over  the  steepest  shoals  with  no  difficulty.  Ease  of  naviga- 
tion requires,  then,  only  that  the  channel  should  be  reasonably  straight.  The  cost  of 
forming  the  channel  will  depend  on  the  nature  of  the  shoal;  the  chances  of  main- 
tenance depend  on  the  same  thing,  together  with  the  high-water  action  of  the  river. 
The  discussion  of  these  properties  will  not  be  undertaken  here,  but  will,  if  desired, 
form  the  subject  of  a  supplemental  report. 

The  nature  of  the  bottom-lands  is  such  as  to  render  them  capable  of  easy  erosion. 
Along  the  .straighter  pools,  and  where  the  concave  side  is  a  blurf,  this  action  is  absent 
on  account  of  absence  of  current  except  at  high- water  and  the  protection  of  vegeta- 
tion ;  at  other  pools,  bending  Bhari)ly,  this  action  exists,  though  progressing  slowly 
and  only  at  the  occasional  high-waters.  At  shoals  evidence  of  past  erosion  exists, 
and  is  at  present  progressing,  and  must  be  prevented  from  interfering  with  the 
improvements  on  any  ahoal. 

PLAN. 

It  is  proposed,  in  order  to  bring  about  an  improvejuent,  to  use  some  device  for  con- 
centrating and  governing  the  flow  of  water  through  a  channel,  the  location  of  which 
has  been  determined,  in  consideration  of  conditions  before  mentioned.  These  devicee 
will  have  to  be  constructed,  with  few  exceptions,  where  the  water  (at  its  lowest)  ifl 
about  2.5  feet;  deep,  or  less,  and  in  such  a  manner  that  the  resistance  of  the  device  de- 
manded will  never  be  ver^  ^reat,  which  resistance  is  lessened  as  much  as  possible  by 
the  design  of  the  devices;  it  is  not  believed  that  water-tight  dams  and  dike  will  be  d&- 
manded,  at  least  only  in  rare  instances.  Having  once  fixed  a  section  for  the  channel 
the  concentrating  capacity  and  quality  demanded  will  depend  upon  the  shape  of  and 
fall  over  the  shoal  and  the  goveniing  capacity  on  the  same  tiling  to  a  greater  or  lea 
extent ;  the  impossibility  of  calculating  the  Intensity  of  these  requirements  makes  actual 
experiment  necessary  to  determine  them.  It  is  believed  that  the  changes  intended  on 
any  shoal  will  take  place  so  rapidly  that  the  effect  of  the  works  can  be  observed  ap- 
proximately at  once,  and  thus  govern  their  extent.  The  estimates  below  sure  based 
npon  the  effect  of  the  works  anticipated,  and  it  is  believed  they  will  not  vary  much 
from  what  will  be  needed.  Where  a  wing-dam  or  dike  is  needed  over  2  feet  high, 
bruMh  and  stone  will  be  nsed  (depending,  of  course,  on  the  resistance  demanded); 
where  a  less  height  is  needed,  poles^  and  planks  driven  into  the  gravel  in  single  or 
double  rows  (depending  on  the  case)*,  somewhat  after  the  nature  of  f^eet  piles,  either 
alone  or  backed  b^  stone,  or  gravel  will  answer  for  dams  and  dikes.  These  will  be 
driven  2  or  3  feet  into  the  gravel,  or  until  they  take  a  firm  hold  and  are  oat  of  the 
limit  of  scour ;  when  used  to  deflect  the  current,  poles  alone  will  answer,  driven  several 
inches  apart;  none  of  these  works  are  intended  to  reach  above  low-water;  in  many 
cases  even  this  height  will  be  unnecessary  (l)esides  the  previously  mentioned  condi- 
•  tions,  the  desirability  of  maintaining  the  ]K)int  of  maximum  scoor  at  or  near  low- 
water  will  govern  the  height  of  the  works).  Similar  works  will  be  used  to  prevent  the 
bars  from  giving  openings  for  other  channels  and  for  governing  undesirable  sconr  in 
the  channel.  The  part«  of  this  class  of  work  that  may  be  subject  to  hard  knocks,  as 
from  rafts  or  boats,  will  be  of  the  same  construction,  but  stronger  than  elsewhere.  It 
is  believed  that  the  spaces  behind  the  works  will  fill  up  with  sand  and  gravel,  and 
that  these  sediment  banks  and  the  works  will  afford  mutual  protection.  The  greatest 
danger  to  this  plan  is  the  possibility,  though  remote,  of  the  channel  filling  up  at  high- 
wat<}r  in  a  manner  to  jirevent  it  being  opened  again  at  low-water.  This  objection  ia 
coiAmon  t-o  all  wing-dam  and  dike  systems,  and  can  be  obviated  only  by  work  in  the 
nature  of  maintenance  and  repairs. 

The  survey  of  the  river  develops  76  places  needing  improvement,  as  shown  on  the 
maps  and  in  the  following  table.  The  estimates  are  bas(Ml  upon  the  condition  of  the 
river  when  surveyed,  and  will  vary  with  any  variation  in  the  shoal  prior  to  improve- 
ment.   No  changes  are  anticipated  which  will  much  alter  the  amounts.    Dike  and 
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dam  work  has  been  placed  at  an  average  cost  of  25  cents  per  running  foot,  as  deter- 
mined by  averaging  the  amount  of  work  on  a  number  of  shoals.  These  estimates  refer 
to  the  actual  cost  of  construction.  Ten  per  cent,  has  been  added  on  account  of  possi- 
ble error  in  estimates,  and  the  same  amount  on  account  of  such  scraping  andgoyeming 
of  the  channel  as  may  be  needed  to  develop  the  intended  effect  of  the  work. 

List  of  shoals  and  esttTiMtes  for  improvement 


• 

Number. 

• 

Distance  from 
mouth  of  river 
in  miles. 

Cost. 

1 

1 

'      Number. 

Distance  ftt>m 
mouth  of  river 
in  miles. 

Cost 

•            1 

Number. 

! 

Distance  from  ' 
mouth  of  river 
in  m  es. 

t 

Cost 

1 

78.00 
76.26 
74.50 
73.75 
73.25 
72.50 
7L50 
71.25 
70.25 
69.00 
68.25 
6a  00 
07.25 
66.75 
66.00 
65.25 
64.37 
63.25 
62.25 
60.75 
60.25 
59.50 
68.75 
58.00 
67.25 
66.75 
56.60 

$375 

1,250 

1,000 

150 

50 

500 

150 

150 

375 

1,250 

150 

375 

375 

375 

200 

600 

250 

1,000 

200 

125 

50 

150 

260 

700 

200 

260 

50 

1  28 

65.76 
64.75 
54.25 
53.25 
62.25 
50.50 
49.75 
48.25 
47.50 
46.50 
45.75 
46.25 
44.60 
44.25 
43.25 
42.26 
4L60 
40.75 
40.25 
30.00 
37.75 
3a  75 
34.76 
29.76 
28.00 
27.60 
26.26 

$260 
600 

60 
250  1 
200  , 
600  ; 

76 
200  I 
200  ; 
600  ' 
160  1 

700 ; 

160  ' 

150  1 
300 
600 
150 

60| 
700 
200  ' 

60  , 

150  ; 

150 
1,500 
250 
250 
150 
1 

65 

26u26 

24.76 

24.25 

22.25 

21.75 

21.25 

20.60 

20.00 

18.26 

17.25 

1&26 

14.00 

13.12 

12:25 

11.75 

10.75 

10.26 

8.26 

7.75 

7.00 

6.25 

3.26 

flOO 
100 

2 

1  29 

56 

S 

,  30 

31 

32 

33 

67 

150 

4 

58 

600 

& 

59 

'  150 

« 

60 '. 

75 

7 

1  34 

61 

62 

63 

64 

65 

66 

67 

68 

69.... 

70 

71 

72 

1  73 

74 

'  75 

76 

1 

Amoont .. 

*    76 

8 

35 

400 

9 

'  36 

800 

10 

1  37 

700 

U 

38 

200 

U 

'  39 

75 

13 

40 

160 

14 

41 

300 

15 

1  42 

150 

16 

1  43 

160 

17 

44 

160 

18 

46 

260 

19 

46 

150 

ao 

47 

500 

21 

'  48 

300 

22 

'  49 

250 

23 

1  60  . 

»4 '.M'.', 

1     uw 

51 

24,200 

» 

52 

20%'^ 

5,800 

26 :;:::: 

63  .     ... 

>nr  ^^f     1     ....    ...      ......... 

Total   

27 

54 

30,000 

t      

See  profile  of  river  for  fall  and  length  of  shoals. 

SNAOS. 

There  are  localities  along  the  river  favorable  for  the  location  of  snags;  ard  at  those 
phc6B  the^  are  sometimes  so  thick  that  a  boat  or  raft  cannot  pass  without  comins  in 
contact  with  them.  These  localities  aie  at  such  places  as  the  banks  are  being  eroded, 
either  along  pools  or  at  shoahi ;  also  at  the  heads  of  islands.  They  occur  also,  as  a  rule, 
in  groups,  au  isolated  one  being  rare.  Tliere  are  long  stretches  of  the  river  where 
none  will  be  found.  They  seldom  1  ate  in  the  channel  on  shoals,  except  where  ero- 
sion of  banks  exists.  There  are,  then,  a  number  of  localities,  more  or  less  full  of  snags. 
enumerated  below.  They  are  easily  accessible  from  the  bhores.  and  can  be  removed 
by  apparatus  located  thereon,  and  by  blasting. 


One  mile  above  Pay  Down. 
Devil's  Race  Shoals. 
Buck  Elk  Shoal. 
Scott  Island. 
Ramsey  Shoal. 
Rollins'  Ferrv  Shoal. 
Above  Owen's  Mill. 
Below  Pointer's  Creek. 


Head  of  Dl\  r  Slough. 
Masse;:  island. 
Bum))er'b  Shoal  and  a^ 
Prior's  B«nd. 
liorta  Lewis  Shoal. 
Deppy  Bend. 
Powers  Dam. 
Below  Round  Island. 


»ve. 


ESTIMATES  FOl'    UEM0\'1NG  SNAGS. 

*  'St  of  oatfit  (boats,  apparatus,  &c. ) $1, 000 

v'ork  of  one  season — employes 5,000 

>  )KTiutcndence 1, 000 

>  '  naire  of  apparatus  and  matrerial 1, 000 

-4ai'^iii  for  variatioii  from  estimates 1,000 

AmoTint  I..1  c:!'-  ^oaaon's  work 9,000 

One  seanon's  v.'orlc  will  jvrobaljlv  be  required  to  complete  this  work,  making  the 

total  cost 1 9,000 
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BAFT  NATIOATION. 

Raftinff  is,  at  present,  the  only  traffic  done  on  the  river,  though  several  boats  1iat« 
been  up  the  stream.     Lumber  and  railroad  ties  are  rafted  in  various  quantities  year 
by  year.     It  is  estimated  that  80,000  ties  were  rafted  in  the  year  1879.    Not  mncli 
lumber  came  down,  due,  probably,  to  the  very  low- water  and  the  amall  demand  for 
that  article.    At  low-wat«r  this  business  is  difficult  aud  expensive,  rafts  frequently 
being  broken  up  and  destroyed.    Undoubtedly,  this  business  would  be  a  large  one  in 
this  river  if  the  rafts  could  be  taken  out  at  a  reasonable  cost.    The  present  »ate0k 
width  of  rafts  is  32  feet ;  in  onler  to  pass  some  shoals,  it  is  necessary  to  split  tnem  in 
half  longitudinally.    A  channel- way  that  allows  this  width  of  raft  to  be  increased  can- 
not be  considered  practicable  in  this  river ;  it  remains,  then,  to  make  it  deep  enongk 
to  allow  the  thickness  of  rafts  tQ  be  increased ;  the  present  thickness  under  water 
scarcely  exceeds  8  inches.      The  rafts  are  always  long — ^about  200  feet— and  their 
trouble  lies  in  getting  through  crooked  channels.    Some  benefit  would  accrue  firom 
lectificiEition  of  the  cnannel  in  various  places ;.  the  cost  of  auxiliary  works  necessary 
to  maintain  such  a  channel  would  make  the  total  cost,  approximately,  very  close  to 
the  cost  of  the  works  for  boat  navigation.    It  is  believed  biest^  on  this  account  and  thi 
importance  of  the  raft  trade,  to  fix  a  quality  of  raft  navigation  at  such  as  will  be  a 
consequence  of  the  boat  channel  proposed. 

• 

YALUB  OF  TBE  PB0P06BD  IXPROVSMEMT. 

The  benefit  to  be  derived  from  the  improvement  of  this  river  would  be  to  afford 
cheap  and  convenient  transportation  for  the  products  of  a  large  portion  of  Mariei, 
Osage,  and  Gasconade  counties  in  Missouri,  and  to  make  further  development  of  the 
country  profitable  ;  wheat  and  com  are  grown  in  large  quantities.  The  mineral  re- 
sources of  this  region  are  almost  wholly  undeveloped ;  iron  ore  is  plentiful.  An  outlet 
would  be  afforded  for  much  oak  and  pine  lumber. 

No  reliable  statistics  of  the  products  of  this  region  exist. 

SX7MHATI0N. 

Cost  of  improvement  (actual  construction) |30,000 

Superintendence,  surveys,  office  expenses 10,000 

One  season's  work  renioving  snags 9,000 

Tools,  boats,  and  material 1,000 

Total 50,000 

It  is  recommended  that  this  work  be  done  in  one  year,  as  being  economical,  and 
that  the  50,000  be  expended  during  the  next  fiscal  year. 

Attention  is  respectfully  called  to  the  condition  of  the  bridge  of  the  Missouri  Pacific 
Railroad,  near  the  mouth  of  the  river  (sheet  31) ;  it  has  no  draw-span,  although  the  * 
piers  are  constructed  for  one :  at  low-water,  in  both  the  Missouri  River  and  the  6ai-  ' 
conade,  the  lower  chord  of  this  bridge  was  32.83  feet  above  the  water  surface.    The  j 
channel-way  either  side  of  the  pivot-pier  is  obstmoted  by  the  remains  of  a  former  trestk 
bridge. 

Attention  is  also  called  to  the  existence  and  operation  of  a  grist-mill,  as  shown  sd 
sheet  20  of  the  map. 
Respectfully  submitting  the  above  to  your  consideration,  I  am,        • 
very  respectfully,  your  obedient  servant, 

Thob.  T.  Jobkston. 

Ani$Umi  EngmMr» 
M%).  Chab.  R.  Sutbb, 

Corpu  of  Engkteeri,  U.  8,  A, 


t 


Q  19. 

DfPROYBMBNT  OF  ARKANSAS  RIVBR  BETWEHN  FORT  SMITH,  ARKANSAS, 

AND  WICHITA,  KANSAS. 

No  snag-boat  of  safScient  light  draught  was  available  for  work  in  this 
portion  of  Arkansas  Biver  till  the  end  of  the  winter,  when  the  new 
snag-boat  Ghanncey  B.  Beese  was  assigned  to  that  field.  Owing  to  the 
low  stage  of  water,  the  lateness  of  the  season,  and  the  great  number  of 
snags  that  had  to  be  removed  to  admit  the^passage  of  the  boat,  but  little 
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could  be  accomplished  and  the  boat  was  withdrawn.  Operations  will 
be  resumed  at  the  first  favorable  opportunity  and  carried  as  high  as  the 
railroad  bridge,  3  miles  above  Grand  River  and  97  miles  from  Fort 
Smith.  This  bridge  has  no  draw  and  is  impassable  for  steamers  of  any 
•ize. 

During  the  coming  season  it  is  proposed  to  set  a  party  at  work  at  the 
upper  end  of  the  district  They  will  work  at  low- water,  either  from  flat- 
boats  or  the  banks  of  the  stream,  and  will  ^move  snags  and  rocks  from 
the  channel,  and  perhaps  build  a  few  dams  on  the  worst  shoals.  These 
operations  will  be  carried  on  as  far  as  the  fands  available  will  allow,  and 
win,  it  is  thought,  benefit  at  least  flat-boat  navigation,  which,  with  the 
impassable  bridges  below,  is  all  that  the  stream  is  now  capable  o£ 
During  the  past  season  the  dike  built  at  Fort  Smith  was  found  to  have 
settled  slightly.  It  was  raised  to  the  proper  level,  and  at  last  accounts 
was  in  good  condition  and  had  accomplished  perfectly  the  object  in- 
tendedy  that  of  giving  a  good  and  accessible  harbor  to  the  town  of  Fort 
Smith. 

In  order  to  carry  on  such  work  as  is  at  once  needed  an  appropriation 
of  $40,000  will  be  necessary,  and  I  beg  leave  to  renew  my  recommenda- 
tion of  an  appropriation  of  (16,300  for  such  a  survey  as  is  needed  to 
develop  a  plan  of  permanent  improvement. 

The  ^ork  is  situated  in  the  collection  district  of  New  Orleans.  The  nearest  port  of 
delivery  is  Memphis,  Tenn.,  and  the  nearest  fort  is  Fort  Smith,  Ark. 

The  amoant  of  revenne  coUeoted  at  Memphis,  Tenn.,  daring  fiscal  year  endii^;  Jane 
30,  1680,  was  $21,051.52. 

Money  statement, 

July  1,  1879,  amonnt  available $20,000  00 

Amoant  appropriated  by  act  approved  June  14,  1880 15, 000  00 

$35,000  00 

Joly  1, 1880,  amoant  expended  during  fiscal  year 18, 591  75 

July  1,1880,  amoant  available 16,408  25 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    56, 300  00 


Q   20. 

IMFROVEMEKT  OF  ABKANSAS  BIVER  AT  PINE  BLUFF,  ABKANSAS. 

A  general  plan  for  the  improvement  of  Arkansas  Biver  at  this  locality 
was  sabmitted  to  yon  under  date  of  January  23, 1880,  printed  as  Senate 
Ex.  Doc.  Ko.  67,  Forty-sixth  Gong.,  second  session. 

Congress  by  act  approved  June  14, 1880,  having  appropriated  $25,000 
for  this  work,  it  will  be  taken  in  hand  at  once  and  pushed  as  far  as  the 
available  funds  will  allow. 

This  work  Ib  situated  in  the  coUeotion  district  of  New  Orleans.  The  nearest  port 
•f  deUvery  is  MemphlB,  Tenn.,  and  the  nearest  fort  is  Fort  Smith,  Ark. 

The  amount  of  revenue  coUected  at  Memphis,  Tenn.,  during  fiscal  year  ending  June 
30,  iseo,  was  t21,051.52. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 |25,000  00 

July  1,  1880,  amount  available 25,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 75, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    75, 000  00 
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survey  of  arkansas  river,  in  the  vicinity  of  pine  blufp, 

arkansas. 

United  States  Engineer  Office, 

Saint  liouis,  Mo.^  January  23, 1880. 

General  :  I  beg  leave  to  trausmit  herewith  a  copy  of  the  map  of  a 
survey  of  Arkansas  Kiver,  in  the  vicinity  of  Pine  Bluff,  Ark.,  made 
under  my  direction  during  ^he  past  summer,  together  with  a  report 
from  my  assistant,  Capt.  Thomas  H.  Handbury,  Corps  of  Engineers,  U. 
S.  A.^  submitting  a  plan  and  estimates  of  cost  for  the  improvement  of 
the  nver  at  this  locality.  From  these  documents  it  will  be  seen  that 
the  objects  proposed  are  three  in  number.    They  are : 

1st.  To  protect  the  river  bank  immediately  in  front  of  the  town  from 
farther  erosion. 

2d.  To  rectify  the  course  of  the  river  in  the  bend  above  the  town,  in 
order  to  remove  a  bar  now  existing  there,  which  is  an  impediment  to 
navigation,  and  also,  by  diminishing  the  curvature  of  the  bend,  to  lessen 
the  tendency  to  excessive  scour  in  front  of  Pine  Bluff. 

3d.  To  prevent  the  formation  of  a  cut-off  now  threatened  across  the 
neck  of  the  peninsula  opposite  Pine  Bluff,  which,  if  allowed  to  take 
place,  will  leave  that  town  nearly  4  miles  fix)m  the  river,  and  will  have 
injurious  effects  on  the  river  above  and  below.  The  whole  improvement 
will  extend  over  about  13  miles  of  river. 

To  accomplish  the  objects  proposed,  the  plan  contemplates  the  use  of 
methods  and  appliances  which  have  given  excellent  results  on  the  works 
of  improvement  carried  on  under  my  direction  on  the  Missouri  Eiver, 
and  which  I  have  no  reason  to  doubt  will  give  equally  good  results  here. 

The  revetment  of  36,000  linear  feet  of  bank  is  deemed  necessary,  as 
also  the  construction  of  2,000  feet  of  floating  brush  dike. 

The  plan  proposed  by  Captain  Handbury  expresses  my  own  views  on 
this  subject,  and  the  estimates  submitted  are  also  approved  by  me. 
They  are  as  follows : 

For  revetting  36,000  feet  of  bank,  at  $2.50  per  foot $90,000 

For  constmcting  2,000  feet  of  floating  bnisn  dike,  at  fl  per  foot 2, 000 

For  saperintenoence  and  contingencieB 8,000 

Total -• 100,000 

Which  can  be  profitably  expended  in  one  season.  In  order  that  the 
work  may  be  accomplished  with  the  greatest  economy  and  dispatch,  it 
is  very  desirable  that  the  whole  sum  estimated  as  necessafy  should  be 
appropriated  at  once. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Ghas.  R.  Suter, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U,  8.  A. 


bbport  of  captain  thomas  h.  handbury,  corps  of  engineers. 

United  States  Engineer  Office, 

Saint  Laui9,  Mo,y  January  17, 1880. 

Major  :  In  obedience  to  voor  verbal  instructions  received  a  few  days  since,  I  bftTt 
the  honor  to  submit  the  following  plan  and  report  thereon  for  improving  the  na^ig*- 
tion  of  the  Arkansas  River,  in  the  vicinity  of  Fine  Bluff,  Ark. : 

The  town  of  Pine  Bluff  is  situated  upon  the  right  bank  of  the  Arkansas  River,  abont 
172  miles  by  water  from  its  mouth. 
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It  is  the  center  of  a  large  agriciiltnral  trade,  and  the  point  firom  which  the  cotton 
product  of  this  section  is  shipped  to  the  markets. 

The  Arkansas  River,  in  its  lower  reaches,  flows  through  soft  allay iai  bottom  land, 
which  it  has  probably  transported  from  its  upper  rt>gion8.  It  belongs  essentially  to 
the  sediment- bearing  class  of  rivers,  and,  like  all  of  these,  is  constantly  changing  its 
bed  and  channels. 

Ab  we  study  the  eflfect  of  these  changes  upon  navigation,  and  upon  the  interests 
alonj;  the  banks,  we  observe  that  they  are  sometimes  beuelicial,  but  more  often  detri- 
meutal.  In  the  location  that  we  are  now  considering  the  changes  that  have  been 
going  on  in  recent  years  have  been  of  such  a  nature  as  to  interfere  seriously  with  the 
prosperity  of  various  interests,  and  they  are  still  very  threat^»ning  in  their  character. 
The  town  of  Pine  Blulf  has  suttered  much  from  the  constant  erosion  bj-  the  river  of 
the  laud  npou  which  it  is  built.  The  upper  stratum  of  this  land,  down  to  perhaps  the 
level  of  low-water,  is  of  a  tough,  tenacious  nature,  which  withstands  well  the  action 
of  the  current,  but  beneath  this  there  is  a  stratum  of  quicksand  which  is  reaciily 
washed  away  whenever  the  force  of  the  current  is  brought  to  bear  against  it.  Being 
Ifft  without  support,  the  upper  mass  tumbles  into  the  river  and  in  a  short  time  is  car- 
ried away,  leaving  the  quicksand  stratum  again  exposed  and  the  same  process  to  bo 
re])«'ate<l. 

iu  conse<iuenGe  of  this  action  much  valuable  property  has  already  disappeared  and 
still  more  is  in  danger. 

The  water  just  along  the  town  front,  and  for  some  distance  below,  is  deep,  affording 
»t  all  stages  a  good  navigable  channel.  But,  in  consecjuence  of  a  very  short  turn 
th:it  the  river  is  obliged  to  make  just  above  the  town,  the  velocity  of  the  high -water 
is  checked  and  large  deposits  are  formed.  During  the  low-water  and  medium  stages 
thiTe  is  not  sutticient  time  for  thise  deposits  to  be  removed  by  the  natural  forces  at 
work ;  consequently  they  materially  interfere  with  the  general  navigation  of  the  river 
at  this  point. 

These  are  e^^ls  that  are  present,  and  in  the  interests  of  the  communities  above  Pine 
Blufl,  as  well  as  at  the  town  itself,  should  be  remedied  without  delay.  Aside  from 
these  there  is  one  that  is  prospective  and  threatening  great  danger  to  all  intei'ests  con- 
cerned at  no  very  distant  future  day. 
This,  however,  if  judicious  steps  be  now  taken,  can  be  avoided. 
By  a  glance  at  the  accompanying  map  it  will  be  seen  that  Pine  Bluff  is  situated 
opposite  the  apex  of  a  peninsula-like  piece  of  land. 

The  narrow  portion  of  this  is  being  rapidly  eroded  by  the  action  of  the  water  both 
apon  its  npper  and  lower  sides.  A  small  amount  of  funds  judiciously  expended  would 
stop  these  erosions.  They  should  be  taken  in  hand  at  the  earliest  possible  moment, 
for  if  allowed  to  go  on,  a  cut-off  will  take  place  which  will  not  only  greatly  disturb 
the  regimen  of  the  river  and  impair  its  navigation,  but  will  leave  Pine  Bluff  and  all 
its  river  interest  4  miles. from  its  steamboat  landing  with  a  high- water  slongh  to  cross 
before  it  is  reached. 

The  river  would  be  shortened  by  this  cut-off  abont  10^  miles,  and  its  slope  changed 
from  /\)  of  a  foot  per  mile  to  abont  4  feet  per  mile. 

In  its  general  characteristics  the  Lower  Arkansas  River  bears  a  strong  resemblance 
to  the  MiSMOuri.  Like  it,  it  flows  through  a  loose  sandy  or  alluvial  bed,  formed  of  the 
materials  which  it  has  brought  down  from  its  higher  reaches.  Like  it,  it  is  constantly 
eroding  itsy banks  and  shifting  its  channels,  and  like  it,  too,  it  is  constantly  carrylnjj^ 
down  large  quantities  of  sediment,  more  or  less  of  which  is  dropped  wherever  there  is 
a  check  iii  the  f  elocity  of  its  current.  It  is  reasonable  to  conclude  that  the  same  prin- 
ciples that  have  been  successfully  applied  to  the  improvement  of  the  navigation  and 
the  amelioration  of  the  evils  arising  from  the  erosions  caused  by  the  one  would  be 
equally  applicable  to  the  other,  and  I  see  no  reason  for  making  any  material  difference 
in  the  practical  application  of  these  principles. 

For  stopping  the  erosions  I  would  recommend  that  the  banks  be  revetted  where  nec- 
essary with  a  thin  and  flexible  layer  of  willows  or  brus^.  ma^le  into  a  continuous  mat 
or  blanket ;  this  to  extend  down  the  bank,  which  I  would  first  grade  to  a  slope  of  not 
greater  than  one  on  one  and  one-half,  and  out  along  the  bottom  of  the  river  sufficiently 
far  to  give  protection  against  any  scour  that  might  affect  the  foot  of  the  bank.  On 
account  of  the  tough  and  unyielding  nature  of  the  strata  above  low-water  in  the  local- 
ities wliere  revetment  will  be  necessary  in  this  case,  I  do  not  anticipate  that  a  high- 
water  revetment  will  be  necessary.  The  revetment  need  not  extend  much  above  the 
ordinary  low-water  line. 

For  cases  where  it  may  be  desirable  to  change  the  course  of  the  river  somewhat,  I 
would  recommend  some  form  of  structure  that  would  check  the  velocity  of  the  current 
and  cause  a  deposit  to  take  place,  which  would  deflect  the  water  in  the  desired  direc- 
tion. Either  the  "stifl-brush"  dike,  the  floating  dike  made  with  an  assemblage  of 
'*  weeds,"  the  willow  or  the  wire  curtain,  might  be  used  for  this  as  the  occasion  might 
demand  and  expediency  suggest. 
Prom  our  successful  experience  upon  the  Missouri  River,  and  the  well-known  sedi- 
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ment-bearing  character  of  the  Arkansas,  I  have  no  hesitancy  in  recommending  these 
methods. 

I  do  not  deem  it  necessary  at  this  time  to  go  into  a  detailed  estimate  of  the  C08t  of 
works  of  this  character,  or  to  explain  with  much  minuteness  the  probable  effeet  that 
they  will  produce. 

It  will  suffice  to  say  that  all  our  experience  with  them  upon  the  Missouri  River  hu 
been  eminently  satisfactory  both  as  regards  expense  and  results  attained. 

For  the  revetment  it  is  safe  to  estimate  that  |2.50  per  running  foot  of  shore-line  irill 
be  sufficient,  and  for  the  floating  brush  dike  $1  per  running  foot. 

To  solve  the  problem  now  beiore  us,  I  do  not  think. that  at  present  we  need  eo  hieher 
up  the  river  to  commence  our  work  than  about  4,000  feet  above  Cady  Place,  aluiougb  it 
some  future  time  it  may  be  found  advisable  to  carry  the  work  into  the  bend  aboye,  or 

?erhaps  higher.  This  point  I  have  marked  A  upon  the  accompanying  map.  From  here 
would  recommend  a  continuous  revetment  downstream  for  about  18,000  feet  to  the 
point  marked  C.  This  would  prevent  the  further  erosion  of  the  upper  side  of  the  nar- 
row neck  where  the  cut-off  is  threatened,  and  hold  the  point  of  land  opposite  Pine  Bln£ 
Between  B  and  C  I  would  interpose,  perhaps,  three  or  four  brush  dikes,  with  a  view 
to  deflecting  the  current  to  the  opposite  shore  and  causing  it  to  erode  the  sand-bv 
that  is  there  found  and  increase  the  radius  of  curvature  of  the  bend  in  front  of  the 
town.  The  position  and  length  of  these  dikes  are  matters  to  be  determined  by  the  con- 
ditions existing  at  the  time  their  construction  can  be  commenced.  It  is  not  probable 
that  they  will  be  required  to  be  more  than  500  feet  in.  length. 

In  the  bend,  as  it  will  be  formed  after  the  dikes  have  produced  their  effect,  aboat 
6,000  feet  of  the- bank  will  probably  need  revetting;  the  bank  in  the  immediate  front 
of  the  town,  from  Brump's  Bayou  down  to  White's  Bayou,  a  distance  of  about  6,000  fe«t, 
is  now  very  much  in  need  of  protection,  and  should  he  revetted  at  once.  Between  thii 
and  the  lower  side  of  the  narrow  neck  where  the  cut-off  is  tlireatened  there  is  no  point 
that  needs  especial  attention  at  present. 

From  D  to  £,  a  distance  of  about  6,000  feet,  it  will  be  necessary  to  revet  the  bank. 
This  I  should  put  as  the  limit  of  improvement  in  this  direction  at  present.  At  eom< 
future  day,  when  the  general  problem  of  improving  the  river  throughout  its  whole 
extent  comes  up  for  solution,  toe  propriety  of  extending  these  works  in  either  direc- 
tion will  doubtless  receive  consideration. 

The  map  which  accompanies  tliis  report  is  a  reduced  copy  of  the  one  made  nndei 
your  directions  in  1K79,  by  your  assistant,  J.  H.  Curtis.  It  gives  a  clear  idea  of  th« 
condition  of  the  river  at  that  time,  when  the  water  was  at  a  medium  low  stage. 
Changes  have  undoubtedly  taken  place  since,  and  will  continue  to  do  so  until  the  con- 
templated works  of  improvement  can  arrest  them.  These  may  necessitate  some  modi- 
fication in  the  proposed  plan,  which,  under  the  circumstances  of  the  case,  can  be  done 
to  the  best  advantage  wnen  the  work  is  about  to  be  commenced  and  as  it  advances. 

The  following  is  the  amount  that  I  estimate  will  be  required  for  carrying  out  the 
plan  of  improvement  above  proposed;  and  I  would  respectfully  suggest  the  propriety 
of  recommending  that  the  whole  amount  of  the  estimate  be  appropriated  at  once ;  other- 
wise the  money  and  time  lost  in  protecting  the  partially  completed  works  from  d^ 
struction  by  the  river  during  the  intervals  when  funds  are  not  available  will  make 
the  ultimate  expense  far  exceed  the  present  estimate : 

For  revetting  36,000  feet  of  bank,  at  $2.50  per  foot |9O,000 

For  constructing  2, 000  feet  of  brush  dike,  at  $1  per  foot .-.  -  -      2,  tV>0 

For  superintendence  and  contingencies 8,0iX' 

Total 100,000 

Respectfully  submitted. 

Thos.  H.  Handbuby, 

Coptotn,  CarpB  of  Engin^n. 
Ma^.  Charles  R.  Suter, 

Corpb  of  Engineers^  U,  8.  A. 
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DCPBOYEMENT  OF  MISSOUBI  BIVEB  ABOVE  THE  MOUTH  OF  THE  YEL- 
LOWSTONE— ^TMPBOVEMENT  OF  YELLOWSTONE  BIYEB. 


REPORT  OF  LIEUTENANT  EDWARD  MAOUIRE,  CORPS  OF  ENGINEERS, 
OFFICER  IN  CHARGE.  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1880. 


.  United  States  Enoineeb  Office, 

Saint  Pauly  Minn.^  August  4, 1880. 

6ENEBAL  r  I  have  the  honor  to  forward  herewith  my  annaal  reports 
for  the  fiscal  year  ending  June  30, 1880,  upon  the  works  of  river  im- 
provements in  my  charge. 

Very  respectftdly,  your  obedient  servant, 

Edwd.  Maguibe, 
First  Lieutenant^  Corps  of  Engineers. 

The  Chief  of  Engineebs,  U.  S.  A. 


R  I. 

niPBOVEMENT  .OF  THE  MISSOUBI  BIVEB  ABOVE  iTHE  MOUTH  OF  THE 

YELLOWSTONE. 

The  work  of  improving  the  Missouri  Eiver  above  mouth  of  Yellow- 
stone may  now  be  considered  as  divided  into  two  distinct  branches,  viz : 
That  to  be  done  upon  the  river  above  the  Great  Falls,  and  the  continu- 
ance of  that  on  the  river  below  Benton.  ,,.,-^ i^;^>i. .>■;>,;;.,  ^.  * 


THE  WOBK  BELOWIBENTON.I  w  m  3»m 


^  .  J        .  —  »•■«»•  --r        .,      ^  «,  """Ji  ■  ,  \. 


On  the  31st  of  July,  1879,  a  force  consisting  of  two  assistant  engineers, 
two  recorders,  three  overseers,  one  suboverseer,  and  fifty-six  men  left 
Saint  Paul  for  the  scene  of  operations.  It  was  the  intention  to  start 
work  with  one  party  at  Ejpp's  Eapids,  to  set  another  party  at  work  at 
Castle  Bluff  Eapids,  and  to  employ  a  third  in  dam-building  at  Grand 
Island. 

The  boat  which  carried  the  parties  left  Bismarck  August  2,  but  unfor- 
tunately, having  been  heavily  loaded  and  the  river  having  suddenly 
fallen,  the  journey  was  a  very  slow  and  tedious  one.  Orand  Island  was 
reached  August  18,  and  one  overseer  and  twenty-one  men  were  put  off 
there.  On  the  morning  of  August  22  the  boat  ran  hard  aground  at  Bird's 
Rapids,  only  25  miles  above  Grand  Island.  It  was  found  necessary  to 
lighten  the  boat,  and  as  tiiere  were  serious  doubts  as  to  the  possibility 
of  reaching  Ejpp's  Bapids,  the  party  destined  for  the  latter  place,  con- 
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sistin^  of  Assistant  Engineer  Wood,  one  recorder,  one  overseer,  and 
thirteen  men  remained  at  Bird's  Bapids. 

The  boat  was  disabled  below  Dauphin's,  and  did  not  arrive  at  those 
rapids  until  August  2().  The  necessary  preparations  in  the  way  of  caulk- 
ing and  repairing  the  boats  were  made  and  work  commenced  August  29. 

The  dam  at  Dauphin's  had  been  somewhat  injured  by  the  ice.  The  nfe- 
cessary  repairs  were  made  and  the  party  moved  to  Castle  Bluflf  Rapids, 
3J  miles  below,  on  8ei>tember  4.  To  this  dam  168  cubic  yards  of  stone 
were  added  and  140  cubic  yanls,  which  had  been  rolled  below  the  dam 
by  ice,  were  replaced. 

At  the  foot  of  a  gravel  bar,  J  mile  above  Castle  Bluff,  71  cubic  yards 
of  ro(?k  were  taken  out.    The  work  required  thirty-one  bhists. 

At  (Castle  Blutf  Kapids  a  channel  100  feet  in  width  was  cleared.  With 
the  aid  of  149  blasts  ,*i8<S  cubic  yards  of  rock  were  taken  out.  The  work 
at  this  place  was  completed  October  (>,  and  the  party  moved  to  the  lower 
reef  at  Chimney  Bend,  2 J  miles  below.  At  this  place  there  was  1^  niile^ 
of  "bad  river."  There  are  essentially  two  distinct  re4?fs  ^  mile  apart. 
The  lower  reef  was  one  of  the  worst  pla<*es  on  the  river. 

The  camp  was  movtMl  to  the  upper  reef  October  18,  and  there  remained 
until  the  close  of  the  season.  At  the  two  reefs  318  cubic  J'ards  of  rock 
were  removed,  requiring  203  blasts. 

The  party  at  Bird's  Bapids  was  occui)ied  in  biiilding  the  requisite 
boats  until  September  10,  on  which  date  the  actual  work  was  com 
menced.  At  the  head  of  these  rapids  is  a  gravel  bar  with  only  2J  feet 
for  a  length  of  200  feet.  It  will  be  necessary  hereafter  to  build  a  dam 
out  from  the  right  bank.  Below  this  bar  for  a  distance  of  2,300  feet 
there  is  a  depth  of  from  3J  to  5J  feet.  A  100-foot  channel  was  cleared 
through  this  portion.  At  the  foot  of  the  rapids  the  water  is  from  4  to 
12  feet  deep.  The  obstructions  here  were  3  points  of  a  ledge,  over  which 
there  was  from  8  inches  to  3  feet  of  water.  The  first  point  was  8  feet  bv 
14  feet,  surrounded  by  water  8  feet  deep.  In  it  five  holes,  5  feet  belov 
water  surface,  were  drilled  and  the  blasts  procured  the  required  depth 
of  water  over  it.  The  second  point  was  15  feet  by  30  feet,  with  a  sur- 
rounding depth  of  water  of  from  4  to  9  feet.  In  it  seventeen  holes,  with 
a  total  of  52  feet  depth,  were  drilled.  The  bottom  of  the  holes  were  4J 
feet  below  water  surface.  The  blasts  broke  it  up  but  did  not  clear  it 
away  and  the  grabs  had  to  be  used.  The  third  point  was  12  feet  by  2^ 
feet,  with  a  surrounding  depth  of  water  of  from  5  to  9  feet.  Twenty- 
four  pounds  of  No.  1  dynamite,  exploded  in  seventeen  holes  5  feet  below 
water  surface,  cleared  away  the  rock.  These  three  rocks  lay  within  an 
area  of  70  feet  square.  Their  removal  has  secured  a  good  channel  at 
what  was  one  of  the  most  dangerous  places  on  the  river.  By  these 
blasts  63  cubic  yards  of  rock  projecting  q^bove  the  3-foot  level  were 
blown  down.  The  grabs  removed  il4  cubic  yards.  The  work  was  com- 
pleted at  this  place  and  operations  commenced  at  Oabin  Rapids,  1^  mile 
above,  October  8.  At  the  latter  place  there  were  only  a  few  large 
bowlders,  24  cubic  yards  in  all,  lying  in  from  3^  to  5^  feet  of  water. 
They  were  removed  and  work  commenced  at  Magpie  Bapids  October  14. 
The  water  at  the  latter  place  is  from  5  to  7  feet  deep,  and  it  was  neces- 
sary to  remove  only  the  larger  rocks.  This  was  done  over  a  channel 
length  of  3,000  feet.    The  number  of  cubic  yards  taken  out  was  1314. 

On  October  23  the  party  moved  to  Lone  Pine  Bapids  and  removed  23 
cubic  yards  of  rock  s.  ' 

On  October  25  the  party  moved  to  the  foot  of  Chimney  Bend  and 
worked  for  4  days  on  the  lower  reef. 

At  Grand  Island  the  ice  gorged  on  the  dam  built  in  1878  and  carried 
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away  110  feet  of  the  island  end.  To  repair  the  damage,  431  cubic  yards 
of  stone  and  806  fascines  were  required. 

A  wing-dam  950  feet  long,  containing  378  cubic  yards  of  stone,  was 
built  from  the  point  above  Grand  Island. 

The  chute  at  Hammon<l's  Island  was  closed  by  dam  245  feet  long,  con- 
taining 262  cubic  yards  of  stone  and  580  fascines. 

A  spur-dam  350  feet  long,  containing  218  cubic  yards  of  stone  and  475 
fascines,  was  built  from  the  foot  of  Grnnd  Island  to  a  gravel  bar  below. 
This  work  was  finished  October  15,  and  the  party  moved  to  Cow  Island 
October  16,  where  it  remained  until  October  24  repairing  and  strength- 
eniog  the  dams. 

Two  hundred  and  twenty-eight  cubic  yards  of  stone  were  placed  on 
the  upper  and  middle  dams.  The  party  moved  to  Chimney  Bend  on 
October  24. 

The  total  amount  of  work  done  was  as  follows : 

Number  cubic*  yards  rocks  taken  out 1, 064i 

NuBibtjr  of  blasts 493 

The  above  does  not  include  the  63  cubic  yards  blown  down  at  Birds 
Bapids,  and  there  were  other  blasts  of  the  results  of  which  no  account 
could  be  kept  in  terms  of  cubic  yards. 

Number  cubic  yards  stone  placed  in  dams 1,825 

Number  fascines  placed  in  dams 1,861 

A  survey  of  the  river  from  Dauphin's  to  Bird's  Rapids  was  made  (lur- 
ing the  season  of  very  low-water. 

The  work  has  been  plotted.  A  map  showing  the  improved  portions 
of  the  river  ha«  been  photolithographed. 

The  work  of  the  coming  season  will  consist  in  building  a  wing-dam  at 
the  bar  2  miles  below  Dauphin's,  in  closing  the  right  chute  at  Snake 
Point,  3  miles  above  Cow  Island,  and  in  clearing  the  channel  at  Island 
Itapids,  Bear's  Bapids,  and  Gallatin  Eapids.  Assistant  Engineer  Ste- 
vens will  have  charge  of  this  portion  of  the  work. 

In  March  last  I  submitted  to  the  Chief  of  Engineers  a  special  report 
upon  the  improvement  of  the  river  above  the  Great  Falls.  Last  Septem- 
ber I  made  a  cursory  examination  of  the  river  by  descending  it  in  a 
mackinac,  but  I  waa  subsequently  authorized  to  have  a  detailed  survey 
made;  and  the  accurate  information  thus  obtained  has  led  me  to  modify 
somewhat  my  opinions. 

The  party  engaged  upon  the  survey  consisted  of  three  assistant  engi- 
neers and  twelve  men.  The  work  wa«  commenced  at  Stubbs  Ferry,  12 
miles  from  Helena,  April  9 ;  and  completed  to  the  mouth  ot  Sun  Eiver 
May  28. 

The  men  were  discharged  in  Helena  May  31.  Messrs.  Stevens  and 
Wood,  assistant  engineers,  arrived  in  Saint  Paul  June  13. 

Owing  to  the  fact  that  preparations  and  estimates  for  the  coming 
season's  work  had  to  be  made  the  maps  of  the  river  above  the  falls  are 
not  complete.  I,  however,  forward  herewith  tracing  of  Bear's  Teeth 
Kapids,  Bear's  Teeth  Shoal,  and  Lone  Pine  or  Half  Breed  Ba])ids. 

The  amount  of  work  accomplished  was  as  follows : 

X limber  of  miles  of  river 131.3 

Number  of  railes  developed  shore  line i 355. 75 

NiiralHjr  of  lines  sounded 3,  :I95 

Xamber  of  soundings  taken  43, 146 

There  were  37^  workings  days,  giving  an  average  daily  progress  of 
•i.52  miles. 

The  river  bed  is  of  gravel,  the  banks  are  stable,  and  the  shoals,  as  a 
rule,  are  not  bad  or  of  frequent  occurrence.    The  greatest  hinderance  to 
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its  easy  navigation  is  the  rapidity  of  the  cnrrent  on  the  rapids.    The 
swiftest  current  observed  was  5  miles  an  hour. 

The  slope  of  the  river  from  Stubbs  Ferry  to  the  foot  of  Bear's  Teeth 
Shoal  is  4.05  Yeet  per  mile ;  from  the  foot  of  Bear's  Teeth  Shoal  to  Gib- 
son's Ferry  it  is  3.54  feet  per  mile.  The  most  excessive  slopes  are  at 
Bear's  Teeth  Kapids,  Bea^s  Teeth  Shoal,  and  Lone  Pine  Rapids,  being, 
resi)ectively,  for  J  mile,  20.4  feet  per  mile ;  for  |  mile,  12.36  feet  per  mile; 
and  for  J  mile,  18.35  feet  per  mile.  I  use  the  name  Lone  Pine  Bapids 
instead  of  Half-Breed  Bapids,  for  the  reason  that  the  former  is  the  old 
Lewis  an^  Clark  name,  and  I  can  see  no  good  reason  why  Boborts  should 
have  changed  it. 

Accepting  the  water  of  April  21,  the  lowest  water  observed,  as  low- 
water,  there  are  but  three  places  of  a  less  depth  than  2J  feet.  Of  thrse 
the  most  important  is  Bear's  Teeth  Shoal.  Here.  a«  will  be  seen  by  the 
tracing,  the  river  is  divided  by  two  islands.  The  bottom  is  of  gravel  and 
of  stones  from  4  to  12  inches  in  diameter.  The  width  of  the  main  chan- 
nel is  500  feet.  The  soundings  show  a  channel  depth  near  the  head  of 
the  lower  island  of  2  feet.  From  about  the  middle  point  of  the  island, 
towards  the  foot,  nature  has  contracted  the  stream  and  a  good  depth  is 
found. 

Bear's  Teeth  Rapids  has  a  crooked  3-foot  channel  choked  with  rooks. 

Lone  Pine  Bapids  is  a  very  dangerous  place.  An  island  divides  the 
river.  At  the  foot  of  this  island  2  reefs  make  from  the  opposite  banks, 
overlapx>ing  in  the  channel. 

From  Gibson's  Ferry  to  Sun  Biver,  the  Missouri,  for  the  purpose  of 
such  navigation  as  can  be  accommodated  by  the  river  above,  is  all  that 
can  be  desired.  The  slope,  nearly  uniform,  is  only  0.56  foot  i)er  mile; 
the  current  is  sluggish,  and  the  channel  is  free  from  snags,  rocks,  and 
sand  bars. 

At  a  point  -^  mile  below  Sun  Biver,  where  the  survey  terminated,  a 
series  of  falls  commence,  and  this  point  is  the  foot  of  navigation  on  the 
Missouri  Biver  above  the  Great  Falls. 

« 

Assistant  Engineer  Wood,  with  one  overseer  and  one  laborer,  will 
leave  Saint  Paul  for  Helena  on  the  20th  instant.  A  party  will  be  organ- 
ized in  Helena,  where,  also,  the  lumber  and  subsistence  supplies  will  be 
purchased.  Most  of  the  material  will  be  taken  from  the  depot  at  Chim- 
ney Bend. 

Work  will  be  commenced  at  Bear's  Teeth  Shoal,  where  the  party  ^rill 
construct  the  necessary  dams.  That  work  com])leted,  the  rocks  will  be 
removed  from  Bear's  Teeth  Bapids,  and  at  the  close  of  o|)erations  there 
the  party  will  proceed  to  Lone  Pine  Bapids.  It  is  expected  that  this 
work  will  be  carried  on  until  December  next. 

In  referring  to  the  assistant  engineers  it  is  only  necessary  to  state  that 
Mr.  H.  E.  Stevens  brought  his  accustomed  energy  and  ability  to  bear 
upon  the  work  both  in  field  and  office,  and  that  credit  is  due  Mr.  W.  H. 
Wood  for  his  close  attention  to  and  good  execution  of  the  work  assigned 
to  him. 

Money  statement 

July  1,  1879,  amount  available $52/279  62 

Amount  appropriated  bv  act  approved  June  14,  1880 25,000  00 

$77,279  en 

July  1,  IBHQ,  amount  expended  during  fiscal  year 30, 389  15 

July  1,  1880,  outstanding  liabilities :J38  59 

30, 7'27  74 

July  1,  1880,  amount  available    46,551  *<8 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  150, 000  00 
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R   2. 

niPROVEMENT  OF  YELLOWSTONE  RIVER,  MONTANA  AND  DAKOTA. 

Under  date  of  December  11,  1879, 1  forwarded  a  special  report  upon 
the  improvement  of  the  Yellowstone  Biver.  That  report  ^contained 
nearly  all  the  information  to  be  submitted. 

The  office  work  consisted  in  the  plotting  of  the  season's  work  and  in 
making  the  necessary  estimates  for  the  present  season. 

Assistant  Engineer  Towar,  with  one  party,  will  be  sent  to  Buffalo 
Rapids  to  complete  the  improvements  at  that  point. 

Assistant  Engineer  Durage  will  be  sent  with  another  party  to  Baker's 
Rapids  to  remove  the  obstructions,  and  thence  to  Wolf  Bapids  to  clear 
the  channel  at  that  point. 

My  thanks  are  due  to  ^r.  F.  M.  Towar,  assistant  engineer,  for  the  ex- 
cellent work  done  by  him  during  the  season. 

Money  statement 

July  1,  1879,  amonnt  available $25,000  00 

Amoaut  appropriated  by  act  approved  Jane  14,  1880 15, 000  00 

140, 000  00 

Jnly  1,  1880,  amoiiut  expended  during  fiscal  year 10, 40^)  87 

Jolyl,  1880,  outstanding  liabilities 173  00 

10, 576  87 

Jnlyl,  1880,  amount  available 29,423  13 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .  100, 000  00 


R3. 

SURVEY  OF  THE  YELLOWSTONE  RIVER. 

Under  date  of  July  1, 1879,  I  submitted  a  report  upon  the  survey  of 
the  Yellowstone  Kiver.  In  that  report  the  nature  of  the  river  and  its 
value  as  a  line  of  communication  and  transportation  were  discussed. 
There  is  but  little  more  to  report  upon  these  points.  The  settlements 
have  increased  in  number,  and  the  shipments  of  private  freight  have  in- 
creased in  value  and  amount. 

A»  there  was  no  provision  made  for  a  continuance  of  the  survey  during 
the  present  fiscal  year,  a  report  of  the  work  done  during  the  two  seasons 
of  1878  and  1879  is  submitted. 

The  sum  of  (15,000  of  the  amount  appropriated  for  examinations,  sur-' 
veys,  and  contingencies  of  rivers  and  harbors  by  the  act  of  June  18, 1878, 
wiw  made  available  for  the  survey.  Two  parties,  each  consisting  of  two 
transit  men,  one  leveler,  one  recorder,  and  fourteen  men,  were  placed  in 
the  Held  September  6,  1878,  and  remained  at  work  until  October  27. 
One  party  commenced  work  at  Fort  Keogh,  and  the  other  near  the 
mouth  of  Powder  River.  The  total  number  of  days  of  surveying  work 
was  33,  and  the  work  accomplished  in  that  time  was — 

Miles  of  river 145i 

Miles  of  developed  shore  line 527 

\uinl»ep  of  soundings 59,731 

Number  of  sounding  lines    3,056 

NnaiY>er  of  sets  of  azimuth  ohservations 24 

Number  of  sets  of  gaugings 3 

On  November  5  all  of  the  men,  with  the  exception  of  three  assistant 
en^neers,  were  discharged.    The  latter  were  retained  until  the  close  of 
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the  fiscal  year  to  plot  the  season's  work.  A  map  of  the  river  in  42 
sheets,  on  a  scale  of  seVoj  with  index  sheet,  was  forwarded  to  the  Chief 
of  Engineers  and  photolithographed.  A  map  in  16  sheets  on  a  scale  of 
i^siT  "^^  made  for  use  in  this  office. 

The  sum  of  $4,000  of  the  amount  appropriated  by  the  act  of  March  3, 
1879,  was  made  available  for  continuing  the  survey. 

On  Jul^  31,  1879,  a  party,  consisting  of  Assistant  Engineer  Lightner, 
one'leveler,  and  nine  men,  left  Saint  Paul  for  Terry's  Landing,  where  it 
arrived  August  11.  The  field  work  was  commenced  August  15,  and  con- 
tinued until  October  16  with  little  interrui)tion,  the  weather  having 
proved  favorable  to  the  progress  of  the  work. 

There  were  51  actual  working  days,  in  which  time  the  following  work 
was  accomx)lished : 

Miles  of  river 111.2 

Miles  of  developed  shore  line 383 

Number  of  sounding  lines ,. 1,656 

Number  of  soundings IJ0,XU 

Number  of  sets  of  azimuth  observations 14 

Number  of  sets  of  gangings 3 

The  azimuth  was  carried  from  station  to  station  by  both  chain  and 
stadia  lines.  The  stadia  work,  which  was  plotted  in  tlie  field,  was  closely 
checked  by  the  chain  line.  The  level  line  was  run  close  to  the  edge  of 
the  water,  and  the  level  of  the  water  surface  taken  at  points  about  700 
feet  apart. 

The  stretch  of  river  surveyed  during  1879  extends  from  Junction  City 
(a  small  village  1  mile  above  Terry's  Landing)  to  Fort  Keogh,  and  the 
connection  with  the  previous  season's  work  was  made  at  this  latter  point. 

The  men,  with  the  excei)tion  of  Assistant  Engineer  Lightner,  were 
discharged  in  Saint  Paul  October  26.  The  latter  was  retained  until 
April  15,  when  the  appropriation  having  become  exhausted  he  wa«  dis- 
charged. 

The  oflSce  work  during  the  year  consisted  of  the  necessary  computa- 
tions and  plotting.  A  map  of  the  river  in  31  sheets  on  a  scale  of  oeVo; 
with  index  sheet,  is  forwarded  herewith.  A  map  in  10  sheets  on  a  scale 
of  rs5ii  ^*or  use  in  this  office  is  in  progress,  and  is  nearly  completed. 

During  the  two  seasons  the  following  work  has  been  accomplished : 

Miles  of  river  surveyed 256.45 

Miles  of  developed  shore  line    910 

Number  of  sounding  lines 4,71*2 

Numbei>of  soundings - 90, 0(**2 

Number  of  set«  of  uzimutb  observations 3?? 

Number  of  sets  of  gaugin^s 6 

Daily  progress  of  miles  ol  river 3. 05 

The  following  are  the  results  of  the  gauging : 


Discharge,  locality,  and  date. 
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Mouth  of  Bi^  Horn,  August.  1879  (Big  Horn,  5,865 ;  Yellowstone,  7,471) 13, 33« 

At  Fort  Keogh,  S«-ptemb«T,  1878 14,462 

At  Fort  Keotfh.  (ktoher,  1879 8,505 

At  Woll  Ritpids,  S^^ptemlwr,  1878 11,235 

At  Diamond  I«liuid,  October,  1878 8,155 
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The  followiDg  table  gives  the  distances,  fall,  and  rate  of  fall  per  mile 
of  the  Yellowstone : 


Sketch  of  river. 


U 


1^ 

•3.1 

o 
H 


Janction  City  to  mouth  of  Big  Horn  River ■ 

Uouth  of  Bix  Horn  to  hHadoishoal  below  Etchetah 

ThcDce  to  foot  of  Hhoal  bt^low  Etc-hetah 

Thfoce  to  head  of  Thousand  I11IO0  Shoals 

Thcnco  to  fiM>t  of  Thousand  Islrs  Shoals 

Tbcuce  to  head  uf  Earl's  Rapids 

Thvnce  to  foot  of  Earl's  Itapids  

Thence  to  heacl  of  shoal  btdow  AUston's  Ranche 

Thence  to  foot  of  shoal  below  AUston's  Ranche 

Thence  to  head  of  shoal  below  Alkali  Cr«4*k 

Thence  to  foot  of  shoal  b«*low  Alkali  Creek.' - 

Thence  to  head  of  shoal  above  mouth  of  Froze-to-Dt^ath  Creek 

Thenc<*  to  foot  of  shoal  above  mouth  of  Fro«e-to- Death  Creek    

Thonce  to  head  of  shoal  at  Froze-to-Death  Creek  Station  

Thence  to  head  of  Rosebud  Island 

TheDce  to  foot  of  Rosnbud  Island 

Thence  to  foot  of  Brisbur's  Island 

Thence  to  head  of  Avenue  Island  Shoals 

Thence  to  foot  of  Avenue  Island  Shoals 

Thence  to  head  of  first  shoal  below  Bic  Porcupine  Creek 

Thence  to  foot  of  first  shoal  below  Big  Porcupine  Creek 

Thence  to  head  of  second  shoal  below  Big  Porcupine  Creek 

Thence  to  fo«it  of  second  shoal  bolow  Big  Porcupine  Creek 

Thence  t4>  hoad  of  third  shoal  b«*low  Big  Porcufdne  Creek 

Thence  to  foot  of  third  shoal  below  Big  Porcupine  Creek  

Thence  to  head  of  shoal  opposit<>  to  Ikisket  Butte 

Thence  to  foot  of  shnal  opnosite  to  Basket  Butte   

Thence  to  head  of  island  anove  Rosebud  tc>legraph  station 

Thence  to  foot  of  shoal  near  Ash  Creek 

Thence  to  head  of  shoal  below  Rosebud  telegranh  station 

Thence  to  foot  of  shoal  below  Rosebud  telegrapu  station    

Thence  to  head  of  shoal  and  rapids  below  Rosebud  Creek 

Thence  to  foot  of  shoal  and  i  apids  below  Rosebud  Creek 

Thence  to  head  of  shoal  above  Sand  Creek 

Thence  to  foot  of  shoal  above  Siind  Creek     

Thence  to  head  of  first  shoal  below  Sand  Creek 

Thence  to  foot  of  first  shoal  below  Sand  Creek . .    .  - 

Thenc«»  to  head  of  second  shoal  Inflow  Sand  Creek  

Thence  to  foot  of  secopd  shonl  l>elow  Sand  Creek    

Thence  to  heoud  of  shonls  and  rapids  above  Custer  Bluffs 

Thence  to  foot  of  shoals  and  rapids  above  Custer  Bluffs 

Thence  to  head  of  shoal  at  Benteen's  Island 

Thence  to  foot  of  shoal  at  Benteen's  Island 

Thence  to  bead  of  shoal  at  Kellogg's  Creek 

Thence  to  foot  of  shoal  at  Kellogg's  Creek 

Thence  to  head  of  shoal  above  t«'legraph  crossing  aliove  Fort  Keogh 

Thenoo  to  foot  of  shonl  above  telegraph  crossing  alK>ve  Fort  Keogh 

Thence  to  bead  of  shoal  at  ferry  crossing  at  Fort.  Keogh 

Thence  to  foot  of  shoal  at  ferry  crossing  at  Fort  Keogh    

Thence  to  old  ferry  crossing  above  mouth  of  T<mgue  River 

Thence  to  ferry  at  Keogh  to  hea<l  of  Buffalo  Rapids    

Thence  from  head  of  Buffalo  Rapids  to  foot  of  Buffalo  Rapids 

Thenct?  from  foot  of  Buffalo  Rapids  to  hea<l  of  Baker's  Rapids 

Thence  from  head  of  Baker's  Rapids  to  foot  of  Raker's  Rapids 

Thence  from  foot  of  Baker  s  Rapid  to  head  of  Wolf  Rapids 

Thence  from  head  of  Wolf  Rapids  to  foot  of  Wolf  Rapids 

Thence  from  foot  of  Wolf  Ripids  to  head  of  McEweii  s  Rapids 

Thence  from  head  of  McEwen's  Rapids  to  foot  of  McKwen's  Rapids. .    ... 
Thence  from  foot  of  McEwen's  R^ipids  to  300  feet  below  head  of  Whit^c 

Sand  Rapids 

Thence  from  300  feet  below  head  of  White  Sand  Rapids  to  foot  of  White 

.SandKapids  

Thence  from  foot  of  White  Sand  Rapidn  t<ifhead  of  De  Rnssy's  Rapids 

Thence  fruni  head  of  De  Russy's  Rapids  to  foot  of  De  Russv  a  Rapids    . . . 
Thence  fruni  foot  of  De  Russy's  Rapids  to  930  f<»et  below  heml  of  Walk- 

er'a  laland  Shoal    

Thence  from  930  feet  below  head  of  Walker's  Island  Shoal  to   foot  of 

Walker  M  Island  Shoal  

Thence  from  foot  of  Walker's  Inlaiid  Shoal  to  head  of  Monroe  Rapids 

Thenee  from  head  of  Mourot>  Rapids  to  foot  of  Monroe  Rapids 

Thenc««  frooi  foot  of  Monr«>e  Rapids  to  head  of  Reno's  Bend 

Thence  from  head  of  Reno's  Bend  to  foot  of  Reno's  Bend 

Thenc**  fr«»ra  foot  of  Reno's  Bend  to  head  of  Reef  Slough 

Thence  from  head  of  Beef  Slough  to  foot  of  Beef  Slough 

Thence  from  foot  of  Beef  Slough  to  foot  of  Diamond  Island 

Total 256.456«     811.37 
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R  4. 
EXAMINATION  AND  SURVEY  OF  CHEYENNE  RIVER. 

The  Cheyenne  River  has  two  main  branches,  the  South  Fork  and  the 
Korth  Fork  or  Belle  Fonrche.  These  streams  have  their  sources  west 
of,  and  inclose,  the  territory  known  as  the  Black  Hills.  The  former 
drains  the  southv eatern,  southern,  and  southeastern;  the  latter,  the 
northwestern,  northern,  and  northeastern  slopes  of  the  hills.  Warren 
says :  "  These  forks  are  supplied  by  numerous  streams  from  the  moiiBt- 
ains,  and  they  unit«  in  about  longitude  102^  20',  the  river  flowing  into 
the  Missouri  in  latitude  44^  48'." 

The  Belle  Fourche,  at  the  crossing  of  the  Bismarck  and  Fort  Meade 
stage  route  is  a  swift,  clear  stream  about  1  foot  in  depth  and  with  a 
gravel  bed. 

Raynolds  crossed  the  same  stream  at  another  point,  and  describes  it 
as  folio  vfs: 

The  river  here  is  a  clear,  beautiful  stream  about  30  yards  in  width  and  2  feet  deep, 
flowing  over  a  stony  or  gravel  bottom. 

Ludlow  refers  to  his  two  crossings  of  the  stream  as  follows: 

The  Belle  Fourche  or  North  Fork  of  the  Cheyenne  has  a  rapid  current  in  a  shaly  bed 
30  leet  to  50  feet  wide  and  from  1  foot  to  4  feet  deep.  We  found  the  Belle  Fourche 
where  crossed,  to  be  a  rapid  stream  in  a  shaly  and  gravelly  bed  SO  feet  wide  and  a  foot 
deep. 

In  reference  to  the  South  Fork,  Ludlow  describes  the  river  at  the  point 
where  he  struck  it,  100  miles  south  of  Madden^s  Crossing,  as  follows : 

We  fonnd  it  a  shallow  stream,  with  a  flat  stony  and  sandy  bed  about  30  feet  wide 
and  5  inches  deep,  though  evidently  much  broader  in  wet  seasons. 

The  South  Fork,  from  Madden's  Crossing  (25  miles  south  of  the  con- 
fluence to  its  junction  with  the  Belle  Fourche),  is,  with  the  exception  of 
a  few  rapids,  a  lazily -running  stream  with  an  average  depth  of  18  inches. 
The  water  is  muddy  and  the  bed  sandy. 

At  the  junction  the  Belle  Fourche  runs  slowly,  with  a  deep  channel, 
the  South  Fork  shooting  down  over  rapids.  The  water  of  the  latter  is 
muddy  and  alkaline,  that  of  the  former  clear,  saline,  and  of  a  pale  green 
color.  They  each  discharge  about  the  same  quantity  of  wat4?r.  From 
the  "  forks ^  to  it«  mouth  the  Cheyenne  presents  the  usual  character- 
istics of  the  Northwestern  rivers.  Its  course  is  tortuous,  impinging  on 
steep  bluffs  alternately  on  the  right  and  left.  The  bottom-lands  vary 
in  length  from  3  to  10  miles,  the  greatest  width  being  1^  miles.  It  is 
exceptional  to  liud  '*  the  bench,"  the  bott^om  lands  extending  generally 
to  the  base  of  the  prairie  bluffs.  The  banks  are  lined  with  willows  for 
a  width  of  about  100  to  200  feet,  backed  by  heavy  timber  interspersed 
with  brush  and  berry  and  plum  bushes.  From  the  outskirts  of  the  tim- 
ber to  the  bluffs  the  open  bottoms  are  clothed  with  fine  grass. 

The  high-water  bed  is  from  400  to  1,200  feet  wide.  The  stream,  at 
low- water  stage,  is  from  100  to  130  feet  broad.  Near  its  mouth  it  attains 
a  width  of  from  180  to  200  feet.  The  average  depth  of  the  channel  is 
2.6,  but  for  a  width  of  only  15  to  20  feet.  Many  rocky  bars  are  encoun- 
tered with  a  depth  of  only  6  to  8  inches,  and  a  fall  of  2  to  3  feet  in 
a  hundred.  At  the  lower  end  snags  are  to  be  found  in  places  obstruct- 
ing the  channel.  There  are  many  high -water  islands,  but  only  two  low- 
water  islands.  One  of  the  latter  is  only  about  500  fifet  long  and  60  to 
70  feet  wide;  the  other  is  about  a  mile  long  and  of  l,8po  feet  greatest 
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width.  The  main  channel  at  this  island  is  from  50  to  60  feet  wide,  and 
at  the  upper  end  of  the  island  2  feet  deep. 

The  average  velocity  of  the  current  at  low- water  stage  is,  exclusive  of 
rapids,  about  2  inches  per  hour. 

The  bed  is  gravelly.  At  only  a  few  points,  the  forks  and  at  the 
mouths  of  creeks,  is  mud  to  be  found.  At  the  water's  edge  the  banks 
are  sandy. 

Excessive  floods  would  appear  to  be  exceptional,  but  few  places  show- 
ing signs  of  the  stream  having  overstepped  its  boundaries  and  en- 
croached upon  the  bottom.  Usually  the  floods  due  to  melting  masses 
of  snow  in  the  Black  Hills  commence  about  April  and  last  about  two 
months. 

In  1878  the  flood  commenced  about  April  24,  and  the  s.tream  rose  and 
fell  alternately  for  about  four  months.  Another  small  rise  occurred  at 
the  end  of  September  of  the  same  year.  Indians  have  seen  the  stream 
at  a  stage  when  the  water  extended  from  bluff  to  bluff.  The  average 
depth  at  high- water  stage  is  about  10  to  12  feet. 

Of  the  twenty-eight  creeks  tributary  to  the  Cheyenne  only  ten  dis- 
chaged  water  at  the  time  the  survey  was  made,  and  these  supplied  but 
a  small  amount.  All  of  the  streams  are  strongly  alkaline.  The  bottoms 
are  fertile  and  well  adapted  to  agricultural  purposes.  The  region  is  well 
stocked  with  game  of  many  varieties. 

HISTORY  OF  THE  WORK. 

The  river  and  harbor  act  approved  March  3, 1879,  provided  for  an  ex- 
amination or  survey  of  the  Cheyenne  Eiver.  Having  been  placed  in 
charge  of  the  work  a  project  was  submitted  to  the  Chief  of  Engineers, 
and  upon  its  approval  the  sum  of  $1,000  was  made  available  for  the  pur- 
pose. 

A  party,  consisting  of  one  assistant  engineer,  one  recorder,  and  two 
laborers,  was  sent  from  Saint  Paul  August  20, 1879,  to  Fort  Meade,  Da- 
kota Territory;  Capt.  Leslie  Smith's  Company  of  the  First  Infantry  was 
detailed  as  escort.  The  necessary  subsistence  supplies  having  been 
purchased  and  the  outfit  obtained  from  the  post  quartermaster  of  Fort 
Meade,  the  party  started  for  Madden's  Crossing  August  28,  1879,  arriv- 
ing there  August  28,  having  traveled  a  distance  of  66.16  miles.  The 
forks  were  reached  August  30.  The  detailed  survey  was  commenced 
at  this  point  on  September  1  and  finished  September  15.  The  work  was 
done  by  stadia  readings  checked  by  azimuth  and  sextant  observations. 
The  levels  were  computed  from  aneroid  barometer  readings.  In  addi- 
tion, odometers  were  attached  to  the  escort  wagon  which  traveled  in  the 
bottom-lands.  I  would  here  state  that  great  credit  is  due  Mr.  J.  J. 
Darage,  assistant  engineer,  for  the  excellent  aud  rapid  work  which  he 
accomplished  in  the  face  of  many  hardshi[)s  and  difiiculties.  The  party 
worked  on  an  average  18  hours  out  of  every  24. 

The  following  is  a  summary  of  the  work  done : 

Number  of  lines  sounded 2,130 

Xaiiiber  of  soundings  taken 16,680 

Miles  of  river  surveyed 115.72 

Miles  of  developed  shore  line 287. 44 

Average  daily  progress  in  miles i 7.7 

Xuniber  of  azimuth  stations 13 

Fall  in  feet  from  forks  to  mouth 715 

Discharge  in  cubic  feet  per  second 375. 11 

The  party  airivfid  in  Saint  Paul  September  23,  when  all  were  discharged 
with  the  exception  of  the  assistant  engineer,  who  was  retained  to  plot 
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the  Dotes  until  November  22,  when  the  appropriation  having  become  ex- 
hausted he  was  discharged.  He  enlisted  as  topogiaphical  assistant  at 
headquarters  Department  Dakota  and  continued  the  work  on  the  maps, 
but  owing  to  the  many  interruptions  due  to  calls  for  department  work 
the  maps  are  not  yet  finished.  I,  however,  forward  herewith  tracings  of 
11  characteristic  sketches  of  the  stream  with  cross-sections. 

Upon  inspection  of  these  cross-sections,  it  will  be  seen  that  there  is 
hardly  a  row-boat  stage  of  water,  to  say  nothing  of  steamboats. 

It  is  my  opinion  that  the  Big  Cheyenne  must  be  classed  as  a  creek 
and  not  as  a  river ;  that  it  is  not  navigable  and  that  any  attempt  to 
render  it  so  would  prove  to  be  an  experiment  so  costly  that  the  benefits 
to  be  derived  would  be  wholly  incommensurate  with  the  outlay. 

I  have  learned  casually  that  two  railroads  are  now  being  pushed  to- 
wards the  Black  Hills.  I  can  learn  nothing  definite,  as  the  authorities 
of  the  roads  are  very  reticent,  but  it  is  a  well-understood  fact  that  the 
Black  Hills  will  soon  be  connected  with  the  East  by  rail  communication, 
and  the  Cheyenne  could  never  compete  for  the  transportation. 

Therefore  I  would  respectfully  recommend  that  no  appropriation  for 
improving  the  Big  Cheyenne  River  be  a^ked  for. 

My  thanks  are  due  to  Capt.  Leslie  Smith,  First  Infantry,  now  major, 
Second  Infantry,  for  his  assistance  and  courtsey. 
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IMPROVEMENT  OF  THE  NAVIGATION  OF  THE  MISSISSIPPI  RIVER  BE- 
TWEEN SAINT  PAUL  AND  THE  MOUTH  OF  THE  ILLINOIS,  INCLUDING 
IMPROVEMENTS  AT  SPECIAL  LOCALITIES  BETWEEN  THOSE  POINTS — 
IMPROVEMENT  OF  GALENA  RIVER  AND  HARBOR,  ILLINOIS — IM- 
PROVEMENT OF  CUIVRE  RIVER,  MISSOURI. 


report  of  captain  alexander  mackenzie,  corps  of  engineers^ 
officer  in  charge,  for  the  fiscal  year  ending  june  30,  1880, 
with  other  documents  relating  to  the  works. 

United  States  Engineer  Office, 

Rock  Inland^  III.,  July  7, 1880. 

General  :  I  have  the  honor  to  transmit  herewith  the  annual  reports 
of  operations  under  my  charge  daring  the  fiscal  year  ending  June  30, 
1880. 

Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 


The  Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineers. 


Si, 

operations  of  snag-boat   in   improvement   of   UPPER   MISSISSIPPI     . 

RIVER. 

Under  this  head  of  appropriation  is  operated  the  snag  and  dredge  boat 
General  Barnard,  whose  district  extends  from  Saint  Paul  to  the  mouth 
of  Missouri  Eiver,  a  distance  of  714  miles.  The  very  complete  appended 
report  of  Assistant  Engineer  C.  W.  Durham  gives  in  detail  the  work  a 
of  the  last  fiscal  year,  river  notes  of  interest,  a  general  description  of  • 
the  work  of  the  snag-boat,  past  and  prospective,  and  statistics  of  com- 
merce and  navigation. 

The  assistance  rendered  to  navigation  by  this  boat  is  very  great,  and 
the  reliable  information  continually  collected  without  additional  expense 
is  invaluable  in  connection  with  a  proper  system  of  river  improvement. 

Although  the  General  Barnard  is  admirably  adapted  to  the  heavier 
portion  of  the  work  of  this  district,  and  is  needed  for  the  removal  of 
the  largest  snags  and  obstructions,  a  number  of  which  make  their  ap- 
pearance each  year,  yet  its  draught  is  too  great  for  use  on  the  extreme 
upper  river  during  low  stages.  The  heavy  work  required  of  this  boat 
can  be  finished  iy  a  short  time  each  year,  and  for  the  remainder  of  the 
season  a  light-draught  stem-wheel  boat,  available  for  use  iu  very  low 
water  on  extreme  upper  as  well  as  lower  part  of  the  district,  would  be 
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macb  more  efficient  and  economical.  A  boat  of  this  description  would 
<30st  about  $15,000,  but  it  would  not  increase  the  annual  expense  now  at- 
tending the  operation  of  the  snag-boat  in  this  district,  and  its  use  as  a 
'tow-boat  when  not  employed  snagging  or  dredging  would  decrease  the 
cost  attending  the  charter  of  boats  in  connection  with  the  various  works 
of  improvement. 

An  appropriation  of  $25,000  for  operating  expenses'during  fiscal  year 
ending  June  30,  1882,  is  respectfully  asked  for,  and  this  amount  canuot 
be  materially  reduced  without  impairing  the  efficiency  of  the  boat ;  and 
for  constructing  a  light-draught  stern-wheel  boat  to  act  in  connection 
with  I  he  General  Barnard j  and  especially  in  low-water  seasons,  $15,000 
additional  is  requested. 


APPROPRIATIONS. 
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There  have  been  appropriated  for  improving  Upper  Mississippi  Eiver 
the  following  amounts : 

By  act  approved  March  2, 1867 $96,000 

By  allotment  from  appropriation  of  July  25, 1868 26,000 

By  act  approvedjulv  11,  1870 36,000 

By  act  approver!  March  3,  1871 42,000 

By  act  approved  June  10,  1872 42,000 

Bv  act  approved  March  3,  1873 25,000 

By  act  approved  June  23,  1874 25,000 

By  act  approved  March  3,  1875 25,000 

By  act  approved  August  14,  1876 30,000 

By  act  approved  June  18,  1878 41,500 

By  act  approved  March  3,  1879 20,0ii0 

By  act  approved  June  14,  1880 8,000 

Total 416,500 

Money  statement 

July  1,  1879,  amount  available |17, 707  78 

Amount  approxtriated  by  act  approved  June  14,  1880 8, 000  00  ^ 

$25,707  7S 

July  1,  1880,  amount  expended  during  fiscal  year 13, 867  26 

July  1,  1880,  amount  available ! 11,840  5'2 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     40, 000  00 


I' 


report  of  mr.  c.  w.  durham,  assistant  engikker. 

United  States  Engineer  Office, 

Rock  Mandy  IlL,  Juljf  1,  1880. 

Captain  :  I  have  the  honor  to  present  my  annual  report  on  improving  Upper  Mis- 
flissippi  River  for  the  fiscal  year  ending  June  30,  1880,  together  with  some  statistics 
of  commerce  and  navigation. 


operations  of  the  united  states  snag  and  dredge  boat  general  BARNARD. 

The  operations  of  the  General  Barnard  in  1879,  prior  to  July  1,  have  already  been 
reported  U>  your  predecessor,  Maj.  F.  U.  Farquhar,  Corps  of  EngineeTs.  From  that 
time  to  October  16  she  was  employed  as  heretofore  between  Saint  Faul  and  the  mouth 
of  the  Missouri  River,  in  removiug  snags,  impending  trees,  wrecks,  4&c.,  dredgiug, 
assisting  st-eamboats,  establishing  water-gauges,  buoys,  and  channel  marks,  making 
surveys  and  reconnaissances,  transporting  government  property,  and  rendering  occa- 
sional service  to  the  works  of  peimanent  improvement.  From  October  16  to  20,  a  por- 
tion of  the  crew  was  engaged  in  laying  her  up  in  winter  quarters  at  Quincy,  lU. 
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During  the  season  noteworthy  service  was  performed  at  several  localities,  among 
wbich  may  be  mentioned  the  removal  of  snaga  at  or  near  Warsaw,  Oqnawka,  Gil- 
berths  Chute,  Armstrong  Island,  Slim  Island,  Westport  Chute,  Missouri  Point,  Turn- 
er's Landing,  Fox  River,  Missouri  River,  Cassville  Slough,  and  Prescotfc,  and  also  of 
wrecks  at  Buffalo  and  Cincinnati  Landing. 

SUMMARY  OF   OPJBRATIONS  OV   STEAMER  GENERAL  BARNARD,    SEASON  OF   1879. 

Snags  removed 547 

Wrecks  remold 1 3 

Leaning  trees  pulled  back 122 

Leaning  trees  felled 4, 421 

Buoys  placed 3 

Dredging,  days 6 

^Steamboats  assisted  and  pulled  off  bars 18 

Water-gauges  establisbea 1 

Cbaunel-marks  established 6 

Miles  run 7,167 

The  General  Barnard^  in  charge  of  the  Mississippi  River  Commission,  also  made  a 
trip  of  inspection  to  New  Orleans  and  the  jetties,  leaving  Quincy  ou  November  12, 
and  retumiiis  to  Saint  Louih  December  15.  Ou  account  ot  the  great  amount  of  float- 
ing ice  in  the  river  and  the  severity  of  the  weather,  it  was  found  impracticable  to 
retnni  her  to  Quincy,  and  she  was  accordingly  laid  up  at  Bushburg,  Mo.,  some  25 
miles  below  Saint  Louis,  on  December  16.     In  making  this  trip  she  ran  3,153  miles. 

Prior  to  starting  from  Saint  Louis  ou  the  above-meutioned  cruise,  the  Barnard  ran 
down  to  Carondelet,  raised  a  sunken  steam  launch  belonging  to  the  government,  and 
rescneil  the  United  States  Coast  Survey  dteamer  Hitchcock  from  a  very  perilous  posi- 
tion on  the  piling  at  Hor8«.'tail  Bar. 

Here  follows  a  summary  of  operations  from  1877  to  1879,  inclusive ;  a  summary  from 
1868,  the  year  in  which  the  w'ork  was  initiated,  to  1876,  is  published  in  report  of  Chief 
of  Engineers  for  1877,  part  1,  page  527. 

Sumniary  of  snag  and  dredge  boat  operations  from  1877  to  1879,  inclusive. 
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Seawn  of  1877. 
Montana. 


94  I     0,526  3 


Smsod  of  1878. 
Montana, 


Season  of  1879. 
Oentral  Bar- 
nard. 


I    152  '    3,080  ,        1 
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18  ' 4,482 


7  1 4,997 


7,167 


Also  established  150  island  n ambers.  19 
channel  marks,  2  water-gauges,  and  45 
bench-marks.  Made  4^  miles  of  hydro- 
n-aphic  surveys. 

Also  established  2  channel-marks,  28 
wati^r-gauees,  29  bench-marks.  Rock 
removed  from  channel,  23  cubic  yards-, 
rock  put  in  dams,  85  cubic  yards.  Made 
12  miles  hydroeraphic  survey.  Bar- 
nard built  m  whiter. 

EstAblished  3  buoys  and  6  channel-marks. 
Ran  3,153  aflditfonal  miles  with  Missis- 
sippi Kiver  Commission. 


During  March,  1880,  the  General  Barnard  was  brought  from  Bushburg,  Mo.,  to  Rock 
Island,  and  having  been  repainted  and  thoroughly  repaired,  is  now  ready  for  service. 


RIVER  NOTES. 


During  the  spring  of  1879,  the  river  from  Saint  Paul  to  the  mouth  of  the  Illinois 
remained  at  very  low  stage  a«  it  had  been  during  the  winter,  but  owing  to  the  scour  on 
the  reefs  incidental  to  protracted  low-water,  the  channel  was  well  defined  and  little 
trouble  was  experienced  from  strandiug  except  at  Gilbert's  Island.  A  small  rise  oc- 
curred in  the  latter  part  of  May,  the  nver  falling  again  in  Juno.    About  July  1  another 
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rise  began;  and  during  this  month  the  river  was  at  an  excellent  boating  stage.  From 
Angust  1  to  the  end  of  the  season  the  water  continued  very  low  and  navigation 
was  much  impeded.  The  large  side-wheel  packets  were  laid  up  and  their  places  sup- 
plied by  stem-wheel  boats  of  very  light  draught,  and  most  of  these  could  go  no  farther 
up  the  river  than  Red  Wing.     Even  the  small  steamboats  used  for  rafting  experienced 

g'eat  difficulty  in  reaching  tiieir  destinations  and  some  of  these  were  compelled  to  lay  up. 
uring  the  spring  and  summer  of  lb80  up  to  the  time  of  writing  the  stage  of  water 
in  the  river  nas  continued  very  favorable  to  navigation.  I  give  a  list  of  channel 
deptlis  on  some  of  the  worst  bars  at  the  low- water  periods  of  1^79 :  Prescott,  1  foot  6 
inches ;  Smith's,  2  feet  6  inches ;  Head  of  Lake  Pepia,  3  feet ;  Wabasha,  ^  feet  8  inches ; 
Crat's,  3  feet ;  Beef  Slough,  2  feet  8  inches ;  La  Crosse,  3  feet ;  Cassville  Slough,  3 
feet;  Belle vue,  2  feet  9  inches;  Warsaw,  4  feet  6  inches;  Gregory's,  4  feet  6  incho«; 
Quiucy,  4  feet ;  Gilbert's  Island;  3  feet  6  inches;  Slim  Island,  4  feet  6  inches ;  West- 
port  Chute,  4  feet  6  inches. 

The  following  table  shows  an  observed  channel  depth  on  the  worst  bars  in  different 
seas(ms,  and  the  stage  of  the  river  at  the  time  of  the  observatiou,  from  which  we 
estimate  and  give  the  theoretical  depth  at  extreme  low-water.  The  actual  depth  at 
low  water  would  be  generally  somewhat  greater  than  the  depth  given,  owing  to  the 
scour  on  the  reefs. which  takes  place  when  the  wat^^r  reaches  a  very  low  stage ; 


Year. 


Locality. 


1874 FreDchman'B 

1878 do 

1866 Pig's  Eye.... 

1874 


1878 

1866 Kaponia 

1874 • do   

1878 do 

1866 Newport 

1877 do   

1878 do 

1886 Nininger  Slough . . 

1877 do 

1878 do  

1866 Prescott 

1874 do 

1877 do 

1878 do 

1877 Smith's 

1878 do 

1879 Smith's  (summer) 

1879 Smiths  (fall)    .... 

1877 Diamond  Bluff. . . . 

1878 do   

1866 Head  Lake  Pephi 

1874 do   

1878 do 

1866 Beef  Slough 

1874 do   

1877 do 

1879 do   

1866 Mount  VernoD  .. . 

1874 do 

1877 do 

1878 do 

1877 Chimney  Kock  . . . 

1877 RollingHtope 

1866 lk«t«v  Slough 

1874 .'do 

1877 do 

1878 do   

1866 Winona 

1877 do 

1878 do 

1879 do 

18G6 Queen'H  Bluff 

1877 t.do 

1878 do 
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Feet. 

Feet. 

/Vet.  1 

7.8 

5.9 

1.9  ! 

2.4 

L4 

LO 

3.2 

2.0 

L2 

5.7 

4.4 

L3 

7.4 

3.4 

4.0 

After  improvement. 

3.2 

2.0 

L2 

6.3 

5.3 

LO 

5.4 

3.4 

2.0 

4.0 

3.0 

LO 

2.8 

0.8 

2.0 

5.3 

3.4 

L9 

4.0 

3.0 

LO 

5.0 

1.3 

3.7 

After  UnproTement. 

7.7 

4.0 

3.7              Do. 

4.4 

3.0 

L4 

6.2 

4.5 

L7  ! 

3.0 

1.3 

L7  1 

6.5 

5.0 

L5 

3.0 

L3 

L7 

3.0 

LO 

2.0 

2.5 

1.2 

L3 

5.0 

2.2 

2.8 

Partial  improTemeut. 

3.0 

L3 

L7 

3.3 

0.8 

2.5 

3.9 

L5 

2.4 

8.2 

5.2 

3.0 

2.9 

0.6 

2.3 

4.0 

2.0 

2.0  , 

5.  5 

3.5 

2.0  . 

2.5 

1.4 

1.1  , 

2.7 

1.0 

L7 

3.0 

1.0 

2.0 

5.5 

2.5 

3.0 

m 

3.5 

1.4 

2.1 

4.0 

1.9 

2.1 

3.0 

1.4 

2.1 

1 

2.5 

L4 

LI 

3.5 

2.0 

L5 

4.0 

2.1 

L9 

3.5 

1.4 

2.1 

3.3 

1.7 

L6 

4.0 

2.0 

2.0 

4.5 

1.4 

3.1 

3.0 

L5 

L5 

2.8 

I.O 

L8 

6.0 

3.5 

2.5 

3.0 

1.5 

L5 

3.0 

1.3 

L7 
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Year. 


1W8. 
1>*T7. 

1W3. 

im. 

1873. 
1877. 
1878. 
1879. 
1877. 
1K77. 
1877. 
Iff79. 
1W7. 
1K78. 


1^79. 
1877. 
1K79. 
1877. 
1879. 


Locality. 
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t 

US 
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li 

©if 

GO 


Queen'*  Bluff 5. 2  1.6 

LaCroaae 3.5  1.5 

do 3.0  1.0 

Caasville  Slough 8.0  3.5 

do 3.5  1.2 

do 5.0  I  3.1 

Bellevue 6.0  4.5 

do 3.0  1.4 

do 5.5  3.0 

4  0,  1.9 

SandPniirie 3.0  1.4 

Below  Burlington '  8. 5  >  1. 1 

Below  Fort  Madiaon 3. 3  ,  1. 0 

Montrose  4.7  2.1 

Warsaw 3.8  1.0 

Wyaconda 5. 0  ,  3. 4 

1879 i  Qtiincy 7. 1  3. 7 

GilbeH's  Island 5.0  2.3 

Slimlaland 3.0  1.0 

do  6.2  2.2 

Westport  Chute 3.0  1.0 

do ao  2.7 
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Remarks. 


Feet.    Feet.    Feet 


3. 6     After  improvement. 

2.0 

2.0  ' 

2.5 

2.3 

1.9« 

1.5' 

1.6  ' 
2.5 
2,1 
1.8 
2.4 
2.0 
2.6 
1.9 
1.6 
3.4 

2.7  I 
2.0 
4.0 
2.0 
5.3 


WORK  OF  THE  8NAQ-BOAT.  ^ 

It  may  he  proper  at  this  time  to  say  a  few  words  concerning  the  work  of  the  snag- 
boat,  past  and  prospective. 

SNAOOINO. 

In  former  years  the  nnmber  of  snags  in  the  river  wan  much  greater  than  at  present. 
Wing  of  long  accumulation,  hut  by  degrees  the  most  of  these  have  been  removed,  ana 
there  are  now  but  few  snags  and  wrecks  of  long  standinj^,  endangering  navigation. 

Additions  are  made  from  year  to  year,  and  especially  in  times  of  high- water,  from 
caving  banks,  and  many  are  brought  in  from  tributary  streams,  and  again  where  the 
channel,  changing,  goes  down  some  hithert-o  uDuavigated  chute  or  cut-s  through  some 
sand-bar  perhaps  cased  on  a  nucleus  of  snags;  many  obstnictions  of  this  kind  are  met 
with.  The  policy  of  removing  and  destroying  the  large  trees  near  the  edge  of  the  banks, 
thereby  preventing  them  from  falling  in  and  becoming  dangerous  snags,  has  been  fol- 
lowed for  severalyears,  and  careful  attention  to  this  matter  has  greatly  decreased  the 
annual  quota.  The  snagging  work,  however,  although  not  as  arduous  as  formerly, 
still  requires  and  should  receive  each  year  careful  attention.  Under  this  head  may 
alMi  be  placed  the  work  performed  by  the  snag-boat  in  removing  stumps  and  other  debris 
deeply  imbedded  in  mud  and  sand  on  and  near  the  banks,  where  shoie  protections  are 
proiiosed,  thereby  greatly  faciliating  the  proper  construction  of  this  nee<lfnl  work. 
The  suag-boat  will  oe  much  in  request  for  this  class  of  work  in  the  future. 

IMPENDING    TREES. 

These  occur  and  are  removcnl  in  large  numbers  every  year,  being,  as  they  are,  of  great 
annoyance  and  danger  to  navigation  in  the  narrow  chutes,  and  more  especially  in  the 
de«p  benda  and  where  the  channel  closely  hugs  the  bank. 


DREDGING. 

• 

A  Loii><*6  scraper  has  always  formed  a  part  of  the  equipment  of  the  snag-boat  on  the 
Upper  Misaissippi,  and  with  this  apparatus  a  large  amount  of  work  was  performed  for 
several  years  in  deepening  the  water  on  the  crests  of  the  bars  above  Winona,  but  the 
re«n]t«  not  being  commensurate  with  the  amount  of  time  and  labor  required,  compar- 
atively little  of  this  kind  of  work  has  been  done  of  late  years.  So  many  bars  scat- 
tered over  the  entire  700  miles  of  river,  becoming  obstructions  siniuVtaneously  at  each 
Tf*ctirnng  low- water,  it  was  found  a  hopeless  task  to  keep  them  all  open  with  one  boat, 
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and  nnlefls  a  channel  ie  cnt  through  all  and  maintainedf  ihe  work  cannot  be  coDsid- 
ered  sncceasfnl.  And  again,  the  reanlt^  have  no  permanency,  the  work  of  the  scraper 
being  generally  obliterated  at  each  rise  of  the  river,  however  slight,  and  in  many 
cases  a  single  night  will  destroy  the  work  of  the  previoas  day.  In  increasing  the 
depth  on  a  bar  for  the  time  bein^  the  scrapf^r  is  generally  very  effective  and  is  dow 
often  used  in  special  cases  where  it  is  thought  that  a  channel  once  cut  will  maintain 
itself.  As  an  adjunct  to  the  dams  and  jetties  in  hastening  and  assisting  their  opera- 
tion and  in  determining  the  course  of  the  improved  channel,  the  scraper  may  be  made 
of  great  utility,  a<«  under  these  circumstances  it  is  believed  that  the  channel  will  be 
permanently  maintained  by  the  action  of  the  dams,  and  in  hard  bottoms  beneficial 
results  will  be  more  quickly  secured.  A  great  deal  of  this  work  is  proposed  for  the 
future. 

REMOVAL  OF  ROCK. 

The  snag-boat  has  at  various  times  removed  dangerous  rocks  and  bowldera  fh)m  the 
channel,  and  some  of  this  work  remains  to  be  done  as  occasicm  permits. 

WRECKS. 

Many  wrecks  have  beeu  I'emoved  by  the  snag-boat  in  former  years,  and  several  dan- 
gerous ones  still  remain  for  future  operations. 

ASSISTING  STEAMBOATS,  ETC. 

It  has  always  been  the  practice  of  the  snag-boat  to  render  assistance  t-o  stranded 
steamboats  and  rafts  which  may  be  considered  as  forming  an  Impassable  obstruction 
to  navigation  in  this  narrow  and  shallow  river,  lying  directly  in  and  filling  up  the 
main  channel,  as  they  usually  do  when  found  in  this  predicament. 

SURVEYS  AND  RECONNAISSANCES. 

In  cases  of  emergency,  and  when  it  was  deemed  inexpedient  to  form  a  special  party 
for  the  purpose,  the  crew  of  the  snng-boathas  been  employed  in  making  examinations 
and  surveys  at  special  localities.  Many  harbor  surveys  have  been  executed  in  this 
manner,  as  also  a  part  of  the  general  survey  of  187e$,  and  a  reconnaissance  of  the  bars 
below  Keokuk  in  1877. 

A  general  sufveillance  of  the  river  is  kept  up  while  the  boat  is  4n  commission,  and 
notes  and  soundings  are  taken  at  the  various  bars,  which  furnish  useful  data  for  study- 
ing their  conditions. 

DAMS  AND  REPAIRS. 

Dams  were  built  by  the  snag-boat  at  Pig's  Eye  in  1874.  at  Nininger  Slouch  in  1875 
and  1876,  and  these  were  the  first  experimeuts  of  the  kind  on  the  Upper  Missiasippir 
the  results  being  eminently  successml. 

To  maintain  in  good  repair  the  dams  and  shore  protections  now  constructed,  in  pro- 
cess of  cunstruction,  and  proposed,  will  constitute  a  fruitful  source  of  important  and 
needful  work,  and  will  properly  fall  to  the  lot  of  the  snag-boat.  Although  it  will 
probably  become  necessary  in  the  future  to  employ  for  this  purpose  a  lighi-draoght 
steiTi-wheel  tow-boat,  yet  the  snag-boat,  if  supported  by  Congress,  wlU  be  competent 
for  this  work  for  several  years  to  come. 

IN  GENERAI^. 

There  are  many  other  features  of  the  work  of  the  snag-boat  worthy  of  mention.  In 
1877  the  enumeration  of  the  channel  islands  was  performed  by  it,  and  boards  with  the 
proper  number  were  placed  on  a  ^reat  many  oi  them.  In  1878  a  system  of  water- 
gauges  for  ascertaining  the  fiuctnatious  of  wat«r  surface  was  established.  In  shallow 
crossings  buoys  are  often  placed  to  guide  steamboats,  and  channel  marksor  ranges  on 
shore  for  the  same  purpose ;  and  in  cases  of  this  kind,  aud  also  at  localities  where  boats 
are  frequently  strande<l,  examinations  are  made  and  great  care  is  taken  to  discover 
and  properly  mark  the  most  feasible  channel.  The  snag-boat  has  been,  and  may  in 
the  future  often  be,  required  in  transporting  government  property,  towing  flata  iii  aid 
of  works  of  construction,  conveying  survey  and  construction  parties  to  their  aestinations, 
for  trips  of  inspection,  in  assisting  the  Light-House  Service,  and  by  the  Mississippi  River 
Commission,  it  being  the  only  ^^oveniment  boat  on  the  upper  river.  It  would  seem 
proper,  then,  in  view  of  the  manifold  duties  of  the  General  Barnard,  and  the  benefit  t^ 
steamboats  aud  general  navigation  derived  from  her  services,  that  she  ^ould  be  lib- 
erally supported,  and  to  the  full  amount  asked  for  by  you. 
Very  respectfully,  your  most  obedient  servant, 

C.  W.  Durham, 

AhgUtant  Engineer, 

Capt.  A.  Mackenzie, 

Corps  of  Engineers f  U.  S.  A, 
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STATISTICS  OF  COMMERCE  AND  XAVIOATION. 

Lumber. 

Themoet  important  business  interest  on  the  Upper  Mississippi  and  its  principal 
tribotaries  is  the  lumber  trade,  giving  employment  to  great  numbers  of  men  and  more 
than  100  steamboats,  which  are  used  in  guiding  and  propelling  rafts.  Between  the 
mouth  of  the  Chippewa  and  Saint  Louis  there  are  73  mills  on  the  main  river,  with  an 
annual  day  sawing  capacity  of  600,000,000  feet,  employing  some  12,000  men  and  repre- 
sent iug  about  $12,000,000  of  capital.  The  estimated  product  of  white  pine  floated 
into  the  Mississippi  River  in  1879  was  1,500,000,000  feet,  including  logs,  lumber,  shin- 
gles, &c. ;  in  1878,  900,000,000  feet ;  in  1877,  750,000,000  feet ;  in  1876,  1,350,000,000 
feet. 

The  following  table  shows  the  amount  of  lumber  manufactured  on  the  Upper  Mis- 
sissippi and  tributaries  in  1879  and  1878  and  the  amount  on  hand  January  1,  1880 : 

TabU  8howing  lumber  bueiness  of  Upper  Missisfiippi  River  and  iributariea  for  1879  and  1878.^ 


Lumber  muia&ctared. 


Names,  localities,  See. 


W.  D  Waahbam  &  Co.,  Farnham  &.  Lovc^loy,  Camp  8c 
Walker,  and  twenty-three  other  firms  at  MinneapoliB 
and  above    

Laird,  Norton  &  Co.,  W.  and  J.  Fleming,  Youmans 
Bme.,  and  nine  other  firms  between  Minneapolis  and 
Ihibuqne   

Ingram.  Kennedy  iL  Day,  Dnbnqne  Lumber  Company, 
an<i  two  other  firms  at  Dubuque 

W.  J.  Youne  Sc  Co.,  C.  Lamb  &  Sons,  and  six  other 
fii         "  


firms  at  Clinton,  Lyons  and  Fulton 
Heverhaueser  ic  Dcnkmann,  Dimock,  Qonld  &  Co.,  and 

nine  other  firms  at  Rook   Island,   Davenport,  and 

Moline     

Hershey  Lumber  Company,  P.  M.  Musser  &  Co.,  and 

SHven  other  firms  below  Davenport 

Schulfuburir.  Bfieckl^r  &.  Co.,  Hersey,  Bean  &  Brown, 

and  ten  other  firms  on  the  Saint  Croix  River 

Eao  Clitire  Lumber  Company,  Daniel  Shaw  Sl  Co.,  and 

ten  other  firms  on  the  Chippewa 

John  Paul,  La  Crosse  Lumber  Company,  and  eight 


other  firms  on  Black  River 
Mills  unreported,  twenty-one  firms,  say 


Total  for  Mississippi  and  tributaries,  125  firms 


On  hand  Jan- 

1 
1879. 

1878. 

uary  1, 1880. 

Feet. 
198.688,556  , 

• 

Feet. 
138. 913. 130 

FeeL 
115, 000,  OOa 

•     1 
77,829,000  I 

41, 300, 000 

46.000,000 

23,750,000  1 

18. 725. 000 

9,000,000 

120,924,000  ' 

1 

63, 697, 915 

60,000,000 

115,042,000  j 

56, 215, 000 

54,000,000 

106,200,000  1 

51, 850, 553 

88,000,000 

109, 000,  000 

58, 520, 000 

18, 000,  W» 

260,000,000  1 

i 

128, 000, 000 

66,000,000 

66, 165, 000  , 
60.000.000  '.. 

86.202,000 

22,000,000- 

1                               1 

1,122,898.555  < 

502, 423, 698 

418, 000. 000- 

The  product  of  the  Wisconsin  River  is  omitted  from  the  above  statement,  inasmuch 
as  nearly  all  the  lumber  ma<le  on  that  river  is  shipped  by  rail. 

In  order  to  show  the  entire  lumber  bu^iuea»  of  the  Upper  Mississippi  Valley  for  the 
past  five  seasons,  is  given  the  following 

Summary, 


Lumber  manufactured. 


Locality. 


Main  river . 
SAtikt  Croix. 
Chippewa  .. 

'Wiaconsin  . 


Feet. 
687, 233,  555 
100, 000, 000 
260,000,000 
66. 165,  000 
152. 177,  025 


Feet, 
370, 701,  508 

58,  520.  000 
128,  000, 000 

35, 202,  000 
193, 039,  314 


-^Wrwgate '     1,  274,  575,  580  I    785, 462, 912 


Feet. 

456.  840, 424 
53,  341,  030 

157,  046,  678 
49.  250,  000 

143,  523. 000 


860,  001, 132 


1876. 

1875. 

Feet. 
629.  967,  000 

66,  793,  000 
255,  866.  999 

70,  852.  747 
154, 700,  000 

Feet. 
555, 397,  000 

75,  520,  000 
264,  077,  000 

62,000,000 
118,  000,  000 

1, 178, 179,  746 

1,  074,  994, 000 

Receipts  at  Saint  Louis  from  Upper  MissiMippi  River. 


WfiSte  pine  lumber  and  logs feet. 

SfafnuTMS pieces.. 

do... 


1879. 


1878. 


I 


179. 919, 105 
77.811,500 
27, 713, 700 


129,  806. 733 
88,  059,  500 
29, 414,  500 


1877. 


163, 304. 15a 
64. 919,  OOO 
15, 973, 200 


'1 


> 


H 
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STEAMBOATS  AND  FREIGHT. 

The  principal  steamboat  lines  on  the  Upper  Mississippi  Ri^ver  are  the  Keoknk 
Northern  and  Diamond  Jo.  There  are  also  some  independent  boats  carrying  freight 
and  passengers.  The  total  amount  of  freight  carried  by  these  two  lines  was  in  lc77, 
279,098  tons;  in  187ri,  430,000  tons;  in  ltr79,  4U,862  tons. 

Statement  cf  amount  of  freight  received  at  and  shipped  from  Saint  Louis  by  the  Vpper 

Mississippi  River  for  six  years. 


1870. 


Ton*. 

Seceired 221.285 

Shipped 86,990 

ToUl  carried 288,275 


1878. 


1877. 


1876. 


Tons.         Tons.         Tons. 
174,065       136,715       224.860 
67,320         68,565  '      93,360 


1875. 


Tons.     I 
198, 100 
96.225  ' 


1874. 


Tons. 

231,060 
95,  £00 


241,385       205,280       318,220 


294, 325         326, 660 


Table  showing  aggregate  receipts  at  Saint  Louis  from  Upper  Mississippi  River  in  1879. 


ArticleJi. 


Quantity. 


Apples ba^ela . . 

Barley sacks.. 

Barley bushels. . 

Beans sacks.. 

Bran do  ... 

Butter pounds  . 

Cattle head.. 

Cement barrels . . 

Cheese boxes..' 

Coopen^^e flour.. 

Cooperage pork.. 

Cooperage whiskey . . 

Cooperage lard    , 

Cooperage meat  cas  ks . . 

Corn Hacks.., 

Com - bushels . . , 

Corn-meal barrels.. 

Dried  fruit packages.. 

£gg8 do 

rSh do.... 

Flour barrels.. 

Grease pounds . . 

Hay bales.. 

Horses  and  mules head.. 

Hides pounds . . 

Hogs head . . 


38,411 

117,584 

60,861 

601 

2,215 

76,180 

9,279 

165 

736 

47 

2, 232 

379 

6.688 

4,670 

187, 032 

68.222 

1,224 

333 

2,816 

1.140 

73,896 

170,800 

93.765 

3,628 

373,  690 

32. 182 


Articles. 


Iron  and  steel tons. 

Lard pounds. 

Lead    pij?*- 

Leather rolls. 

Halt sacks. 

Merchandise  and  sundries  .packages. 

Oata sacks. 

Oats ..  bushels. 

Oils barrels . 

Onions packagea . 

Peltries do. .. 

Pork : barrels. 

Pork,  hams pounda. 

Pork, meats do... 

Potatoes packages. 

Rye sacks. 

Seeds do. .. 

Sheep head. 

Tallow pounda. 

Tobacco hogsheada . 

Tobacco packagea . 

Wheat sacks. 

Wheat bushels . 

Wines  and  liquors barrels. 

WJnes  and  liquors boxes. 

Wool pounds . 


Quantity. 


312 

249.190 

2,904 

421 

380 

160, 813 

383.326 

37,292 

44« 

27,439 

WTt 

5.264 

290,389 

1,  7H'{,  737 

73,792 

40.  M2 

a928 

557, 645 

1.533 

45. 291 

277.824 

36,000 

VS& 

373 

339,346 


There  follow  some  statements,  in  all  casea  partial,  tending  to  show  amount  of  com- 
merce and  manufactures  of  a  number  of  the  cities  on  the  river  in  1879. 


SAINT  PAUL,   MINNESOTA. 


Sales  and  transfers  during  first  eleven  months  of  1879. 

Grain value 

Dry  goods. do.. 

Groceries do.. 

Agricultural  implements do.. 

Commission  merchants do.. 

Boots  and  shoes : do.., 

Hides,  pelts,  &c do.. 

Hardware do.., 

Dnigs do.. 

Lumber do.. 

Flour do.. 

Cigars  and  tobacco do.., 

Wines  and  liquors do... 

Hooks  and  stationery do... 


$5, 225, 000 

5, 000,  (K)0 

4, 900,  (KK) 

2,  UK),  000 

2,  OUO,  000 

2, 000, 000 

1,K75,(HK) 

1,4:.0JK)0 

1,175,1HH) 

9<HI.  (MM) 

1,100,(NN> 

900,  INN) 

H7f».  (NN> 

750,000 
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Coal value..  $750,000 

Iron,  8t6«l,  A'C do 650,000 

Hats,  caps,  and  furs do....  575,000 

Clothing. do....  400,000 

Beer  and  ale do 400,000 

Mil!  machinery,  &c do 385,000 

Tmits do.,..  375,000 

Leather do 350,000 

Confectionery do 350,000 

Crockery do 325,000 

Soldiery do 300,000 

Pork do....  300,000 

Cariwts do 275,000 

Miliin«ry do.. .a  225,000 

Furniture do 200,000 

Total $36,110,000 

DUBUQUE,   IOWA. 

Bicer  receipts. 

Merchandise,  including  iron,  wood  stuffs,  cordage,  &.c pounds . .  127, 000, 000 

Lumber feet..  73,000,000 

Oats pounds..  18,9(59,000 

Wheat do...  866,700 

Flour do...  251,000 

Butter do...  190,000 

Lead do...  2,200,000 

Cattle head..  3,470 

»Salt pounds..  16,500 

Cement,.; do...  8,400 

Staves M..  1,300,000 

Coal pounds..  24,461,637 

PasAengers  landing 12,397 

Steam)K>ats  landing times..  1,081 

Biver  shipments. 

Merchandise,  flour,  butter,  nails,  glass,  wood  in  shape,  iron,  &c . . pounds. .  7, 561, 000 

OskU do...  37,391,762 

Wheat do...  4,917,740 

Com do...  2,260,400 

Pork do...  3,460,000 

Lead do...  2,987,142 

Cement barrels..  4,420 

Lumber feet..  1,149,000 

MOLINE,   ILLINOIS. 

Manufactures, 

A^ricaltoral  implements value..  |2, 850, 000 

Wagons do...  500,000 

Malleable  iron do...  250,000 

Machinery do...  283,000 

Paper do...  250,000 

Scales do...  25,000 

Pumps do...  112,500 

Organs do...  25,000 

Lumber feet..  23,062,902 

Shingles pieces..  2,128.000 

Lath  do...  3,420,0*0 

PailH number..  450,000 

Wa^hboanis do...  80,000 

Chunw do...  14,700 

Tnb» do...  85,000 

94  i: 
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Fmght. 

Ity  Chicago,  Roi-k  laland  snd  Pacific  Railroail ...cars  .. 

By  Chicago.  Milwaukee  and  Saint  Paul  Railroiul do... 

By  Keokiik  Northern  Packet  Compiuif tons.. 

Grain  and  produce ; 

Wheat bushclB.. 

Corn du 

Onions do 

Barley do... 

Oats t ..do... 

Fotatoea ..'. do 

JUanu/actiira, 

Agricultural  impleiuenta value.. 

Boota  and  shoes do 

Brass  goods,  Ac do... 

Bricks.... do... 

Books  and  stationery <. do.. . 

Brooms do... 

Cuidles... do... 

Ckmagea do... 

Cigan do.. . 

Clothing do... 

Crsokers do... 

Fnnuturoj do.. . 

Furs,,,. do.. . 

Beer do... 

Sundries do . . . 

Flour ....  barrels . . 

Glucose ...do 

Grape  «ngar do... 

Sirup gaUona.. 

Lumber.. ,,, ,,., .fi«t.- 

ShingleH - pieces.. 

Lath , do . . . 


Manufaclurei. 

Agricultural  implements value.. 

GlOHS ilo... 

stove do 

Mineral  waters do.. . 

Coal  mined do 

Lumber feet.. 

Shingles pieces.. 

Lath do... 

Pickets do... 

Beer barrels.. 

Halt do... 

FrtigkU. 

By  Keokuk  Northern  Line  Pocket  Company t«ns.. 

By  Diamond  Jo  Line, ..do 


Mannfacturm,  rectipta,  and  ihiptuHU. 

LtiiDber feet..  ,  BL«».OW 

Lath pieces..     16.000,000 

Shingles do...     IS.OOO.OW 
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Pickets pieces..  250,000 

Washboards iiumber..  23,400 

Packing-boxes do...  50,000 

Flour , barrels..  48,000 

Cans number..  500,000 

Brick do...  2,700,000 

Pipes gross..  :{3,800 

Wagons number..  600 

Wagon  brakes do...  9,000 

KEOKUK,  IOWA. 

River  shiptnenta. 

(ieoeral  merchandise tons..  7,850 

Hay bales..  29,600 

Horses  and  mules head..  987 

Beeves do...  1,042 

Hogs do...  944 

Sheep do...  361 

Chickens dozen..  2,600 

Eggs do...  52,200 

Biver  reoeipU. 

6<>Deral  merchandise tons..  6,437 

Lumber feet..  8,000,000 

WARSAW,   ILLINOIS. 

River  ahiptnents. 

Hav bales..  45,596 

Oats bushels..  .56,892 

Com do...  32,340 

Rye .• do...  2,550 

Apples barrels..  9,317 

Wine  and  cider do...  1,872 

Cooperage pieces..  35,000 

Flour barrels..  34,124 

Stock  (cattle  and  hogs) head..  2,108 

Plows number..  4,100 

Wagons do...  .%0 

HANKIBAL,   MISSOURI. 

Manu/acturee,  receipUf  and  shiprnenU, 

Lumber feet..  124,630,145 

Shingles pieces..     55,437,000 

Laths do...     33,657,300 

Salt barrels..  200,000 

Oil gaUons..  1,250,000 

Lime barrels..  230,000 

Wheat bushels..  1,000,000 

Flour barrels..  200,000 

Stock head..  25,000 
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The  following  table  affords  a  comparative  view  of  the  relative  amount  of  navigation 
at  various  localities  on  the  Upper  Mississippi  River  for  the  last  three  seasons: 

Statement  of  steamerSf  bargee,  and  rafts  passing  various  bridges. 


Steamboats. 


Bargos. 


ItafU. 


Locality  of  bridjje. 


1879. 


Ha»tln}ZH 2,468 

Winona i  3,  760 

LaCroHae !  2,827 

Dubuque '  2,  8JW 

Clinton  2,643 

Bock  Inland 2,514 

Burlinirton 1, 231 

Keokuk i  1.562 

Suincy (*) 

annlbal ,  1,586 

Louialana '  1,856 


1878. 

r) 

2,048 

2,095 

2, 139 

1,950 

1,643 

1,318 

1,519 

1,450 

1,393 

1.390 

1877. 

1879. 
397 

1878. 

1877. 

1879.    ' 

1 

n 

1 
(*)      1 

(*) 

54' 

(*) 

1,362 

1,115  ! 

(*) 

1,889  , 

n 

779 

842 

(*) 

1,077  ' 

1,801  . 

(•) 

884  1 

816 

801    : 

2,174 

996 

913  ! 

633 

590  1 

1,560 

750 

613 

790 

571 

1,139 

662 

624  , 

431 

367 

1,204 

851 

781 

5T2 

C) 

(*)      ■ 

(*> 

524 

<*) 

(*) 

1,467 

884 

549  ' 

585 

260 

1,331 

t 

704 

5i5 

425 

120 

(*)      ' 

(') 

863  , 

(*) 

594  ' 

(*) 

694  1 

N2 

t383 

t352 

352  1 

413 

2M  . 

tl55 

C) 

C) 

191 

(•) 

156  , 

181 

88 

1 

101^ 

*  No  record  furnished. 


t  Partial  i-ecord. 


X  No  record  of  rafta. 


LIST  OF   STEAMBOAT  ACCIDENTS  ON   UPPER  MISSISSIPPI  HIVKB,   SEASON   OF   1879. 

June  18. — steamer  Le  Claire  collided  with  the  Victory;  the  former  sunk;  loss. 
$1,600. 

tfultf  4. — A  barge  in  tow  of  steamer  Josie  struck  a  rock  at  Horse  Island  and  sunk: 
raised ;  loss,  $2,S)0. 

July  13. — iSteamer  Victory  sunk  a  barge  on  the  chain  above  Des  Moines  Rapids 
Canal;  raised. 

August  4. — Barge  Abe  sunk  at  Cincinnati  Landing;  total  loss. 

August '<i5. — Steamer  War  Eagle  was  somewhat  injured  by  striking  a  rock  above 
Gregory's  Lauding. 

JSeptrmber  3. — Steamer  Annie  sunk  a  barge  on  the  cbain  above  the  canal. 

October  12. — Steamer  Iowa  struck  a  rock  opposite  Dallas  and  sunk;  raisetl;  one 
man  lost. 

Xoreniber  26. — Steamer  Annie  sunk  a  barge  below  Keokuk ;  cargo  and  barge  total 
loss. 

CUSTOMS  REVENUE  AND  TONNAGE. 

That  portion  of  the  Mississippi  between  Saint  Paul  and  the  mouth  of  the  Illinois 
Kiver  lies  partly  in  the  customs  district  of  Minnesota  and  partly  in  the  customs  dis- 
trit:t  of  New  Orleans.  Surveyors  of  customs  are  located  at  Burlington  and  Dubuqae, 
Iowa,  Galena,  111.,  Saint  Paul,  Minn.,  and  La  Crosse,  Wis. 

In  the  following  statement  is  given  the  total  exhibit  of  the  port  of  Saint  Louis, 
where  the  greater  portion  of  the  Upper  Mississippi  boats  are  registered,  and  which 
includes  many  of  the  Lower  Mississippi,  Missouri,  and  Illinois  Kiver  boats. 

Customs  revenue  and  tonnage  for  fiscal  year  ending  June  30,  1879. 


Port. 


Saint  Louis 
Barliuii^in 
Dubuque . . 
La  Crosae . 
Oalena  ■ .  • 
Saint  Paul. 


CoUeotiona. 


Toonace 
enrolled. 


$1,136,417  85 

1,620  88 

9  10 

N<me 

4,715  48 
11,683  71 


148.802.68 
5.60&94 
4,306w71 
801  $1 
1,7^13 
4,73L66 


Remarks. 


arrs 

41 
45 

IS 
19 
90 


INTERNAL  REVENUE. 


There  are  ten  internal  revenue  districts  bordering  on  the  Mississippi  River  between 
Saint  Paul  and  the  mouth  of  the  Illinois  River.  Each  of  these  distnct«  is  composed  of 
a  large  number  of  counties  the  greater  portion  of  which  do  not  touch  the  river,  bat 
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the  balk  of  the  revenue  to  the  government  comes  from  the  sections  bordering  upon 
the  river  and  tributary  to  its  navigation  and  commerce.  I  give  below  a  table  show- 
ing the  designation  of  the  districts  touching  the  river  between  the  points  above 
named,  the  residence  of  the  collector,  and  the  amount  of  collections  for  the  fiscal  year 
ending  Jane  30, 1879. 


Diatriot. 


First  Mtnneaota. . . 
Second  Minnesota. 
Second  Wiaconain. 
Sixth  Wisconsin  . . 

Second  Iowa 

Third  Iowa 

Foarth  Iowa 

Third  Illinois 

Fourth  Illinois . . . . 
Fonrth  Missouri . . 


Aggrsuate 


Kesiflence  of  col- 
lector. 


Bochester 

Saint  Paul.... 

Madison 

Sparta 

Davenport 

Duhuque    

Burlinji^ton 

Mount  Carroll 

Quincv 

Louisiana 


Amonnt  col- 
lected for  year 
ending;  June 
30, 1879. 


$98,850  49 
211, 858  27 
145, 4«8  47 
89, 982  42 
276, 592  17 
298,668  81 
172, 116  54 
809,835  58 
967,  731  85 
280,062  47 

3, 346, 162  07 


Respectfully  submitted. 


A.  Mackenzie, 

Captain  of  Engineers, 


C.  W.  Durham, 
Assistant  Engineer. 


S   2. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVER  FROM  SAINT  PAUL  TO  DES 

MOINES  RAPIDS. 

Under  this  appropriation  are  carried  on  works  for  the  improvement 
of  through  navigation.  These  works  consist  of  brush  and  stone  dams 
for  closing  side  chutes  and  subsidiary  channels,  and  for  contracting  the 
width  of  water  way,  and  also  of  brush  and  stone  shore  protections  for 
(^siving  banks. 

A  general  plan  with  estimates  has  been  prepared,  but  it  is  liable  to  so 
many  alterations  of  detail  due  to  changes  of  the  river  and  experience 
joined  as  the  work  progresses,  that  it  is  deemed  more  proper  to  simply 
present  projects  from  year  to  year  for  the  work  which  can  be  accom- 
plished with  the  amounts  then  available,  selecting  for  improvement  the 
points  known  to  be  most  troublesome.  The  results  already  obtained 
show  that  the  system  of  improvement  adopted  will  give  in  time  a  good 
channel  sufficient  for  all  purposes  of  navigation,  and  the  main  question  of 
the  future  is  a  reduction  in  the  expense  of  dams  and  shore  protections^ 
and  the  adoption  of  temporary  expedients  for  assisting  navigation  until 
the  channel  is  so  regulated  that  it  will  maintain  Itself. 

Previous  to  1878  improvements  had  been  made  at  Pig's  Eye  (1874) 
and  Nininger  Slough  (1875  and  1876).  During  1878  and  1879  works 
vi^ere  carried  on  at  Pig's  Eye,  Newport,  Hastings,  Prescott,  Crat's  Island^ 
Keef  Slough,  Eollingstone,  Betsy  Slough,  Queen's  Bluff,  Bellevue,  Horse 
Island,  Dallas,  and  Pontoosac,  and  during  the  last  lineal  year  improve- 
ments have  been  made  at  Hastings,  Prescott,  Smith's  Bar,  Grafs  Island, 
Beef  Siough,  Mount  Vernon,  RoUingstone,  Betsy  Slough,  Winona,  La 
<^ro.Hse,  Gassville  Slough,  Horse  Island,  Smith's  Island,  and  Keithsburg. 

The  appended  reports  of  United  States  Civil  Engineer  M.  Meigs  and 
.A.88i8t«nt  Engineers  E.  F.  Hofifman  and  J.  L.  Gillespie  give  in  detail 
tlie  work  done  and  results  obtained  in  their  respective  districts.    To 
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these  gentlemen  mucli  credit  is  due  for  the  intelligence  and  energy  they 
have  displayed  in  carrying  on  the  works  assigned  to  their  local  charge. 

The  act  of  Congress  approved  March  3, 1879,  provided  that  of  the 
$100,000  appropriated  for  "improving  Mississippi  River,  Saint  Paul  to 
Des  Moines  Rapids,"  $20,000  might  be  used  for  testing  the  Adams  Flume. 
Mr.  Adams  has  selected  the  very  troublesome  bar  below  Read's  Lauding 
for  his  experiments,  but  has  not  yet  commenced  active  operations. 

Tlie  work  of  the  last  season  was  carried  on  principally  by  contract, 
and  this  system  will  be  recommended  whenever  practicable,  but  in  many 
cases  the  river  is  liable  to  such  frequent  changes  that  the  projects,  whicli 
are  necessarily  made  some  time  in  advance  of  operations,  cannot  be  ad- 
hered to,  and  in  such  cases  formal  contracts  are  inexpedient,  as  no  plans 
or  specifications  can  he  drawn  to  properly  cover  the  work. 

While  past  experience  has  not  demonstrated  that  the  use  of  an  ordi- 
nary dredge-boat  is  as  a  rule  advisable  in  connection  with  the  cuttini; 
of  new  channels  through  sand  bars,  yet  occasions  have  arisen  and  will 
continue  to  arise  where  such  work  will  be  necessary.  For  such  cases,  as 
well  as  in  connection  with  the  improvement  of  theVarious  harbors  along 
the  river,  and  in  the  removal  of  gravel  bars  both  for  improvement  of 
na\igation  and  for  obtaining  material  for  dams  and  shore  protections, 
many  dredges  are  required.  There  are  but  four  private  dredges  on  the 
river,  and  ttiese  being  in  comparatively  poor  condition  are  entirely  in- 
adequate to  the  prompt  and  proper  execution  of  the  work  now  required 
of  them.  The  United  States  should  own  a  dredge  capable  of  removing 
all  classes  of  material  met  with  in  this  section  of  the  river.  Its  cost, 
together  with  the  requisite  supply  of  dump-boats,  &c.,  would  not  ex- 
ceed $15,000. 

The  field  work  of  the  general  survey  of  the  river  was  completed  in 
the  latter  part  of  July,  1879,  and  during  the  past  year  a  large  part  of 
the  work  of  mapping  has  been  finished.  Tracings  of  the  maps  of  the 
survey  have  already  been  forwarded  to  the  Chief  of  Engineers,  and  the 
final  i^eport  on  the  same  is  hereto  appended. 

The  special  party  (So.  6)  making  surveys  and  observations  near  Bur- 
lington, Iowa,  completed  their  field  work  in  the  latter  part  of  October, 
1879.  A  report  on  this  survey,  together  with  maps  and  diagrams,  was 
forwarded  to  Col.  Z.  B.  Tower,  president  of  the  Board  of  Engineers  on 
Low- Water  Il^avigation  of  the  Mississippi  River.  A  copy  of  this  report 
is  hereto  appended. 

Many  observations  with  current  meters  were  taken  by  the  Burlington 
party;  but  owing  to  the  absence  of  Mr.  G.  A.  Marr,  the  assistant  in 
charge  of  these  observations,  for  several  months  while  in  the  employ  of 
the  Mississippi  River  Commission,  the  meter  work  has  not  been  reduced 
or  plotted.  A  report  on  this  subject  will  be  submitted  as  soon  as  prac- 
ticable. 

I  take  occasion  at  this  time  to  refer  to  the  report  of  the  ^^  Board  of 
Engineers  on  Sheer-Booms,''  printed  in  H.  Ex.  Doc.  No.  41,  Forty-fourth 
Congi'ess,  second  session.  In  this  report  the  necessity  and  advisability 
of  constructing  sheer-booms  at  the  various  bridges  were  clearly  shown, 
and  plans  for  the  same  furnished  for  each  bridge.  The  demand  for 
sheer-booms  for  the  protection  and  guidance  of  rafts  becomes  more 
urgent  every  day,  and  it  should  be  given  proper  attention. 

For  the  purpose  of  studying  the  river  and  its  changes,  determining 
where  improvements  are  most  needed,  and  noting  the  effect  produced 
by  works  already  constructed,  numerous  surveys  and  examinations  have 
been  made  and  will  be  continued  during  the  present  season. 

Water-gauges  are  established  at  many  points  along  the  river  between 
Saint  Paul  and  Grafton,  daily  readings  of  which  are  kept  on  record, 
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and  it  is  very  desirable  that  these  gauge  records  should  be  published  in 
the  newspapers  for  the  benefit  of  navigation. 

In  accordance  with  instructions  from  the  office  of  the  Chief  of  Engi- 
neers, dated  September  13, 1879,  an  examination  was  made  of  the  har- 
bor of  Bock  Island,  the  report  on  which,  under  date  of  November  5, 
1879,  will  be  found  in  H.  Ex.  Doc.  N'o.  32,  Forty-sixth  Congress,  second 
session. 

Unless  changes  produced  by  the  present  extreme  high  stage  of  the 
river  develop  new  and  more  troublesome  obstructions  requiring  imme- 
diate attention,  which  cannot  be  known  until  the  next  low- water,  work 
during  the  present  fiscal  year  will  be  carried  on  at  the  following-named 
points: 

1.  Between  Newport  and  Robinson's  Island. 

2.  Island  No.  20. 

3.  Head  of  Lake  Pepin. 

4.  Between  Wabasha  and  Alma. 

5.  Shore  protection  at  Mount  Vernon. 

6.  RoUingstone  Slongh. 

7.  Winona. 

8.  Queen's  Bluff. 

9.  La  Crosse. 

10.  CassviUe  Slongh. 

11.  Bellevue. 

12.  Arnold's  Bar. 

13.  Keithsburff. 

14.  Johnson's  Island. 

15.  Shore  protection  at  Oquawka. 

The  radical  improvement  of  the  Upper  Mississippi  Biver  having  been 
eommenoedy  it  is  of  great  importance  that  it  should  be  actively  con- 
tinned* 

Large  appropriations  can  be  profitably  expended  and  should  be  made 
in  order  that  the  benefits  to  be  obtained  may  be  secured  as  speedily  as 
possible  and  that  the  ultimate  cost  may  be  diminished.  I  would  accord- 
ingly ask  for  an  appropriation  of  $500,000  for  the  fiscal  year  ending 
June  30, 1882. 

SUMMARY  OF  EXPBND1TURK8  FOR  FISCAL  YEAR  BXDINQ  JUNE  30,  1880. 

At  Hastings |1,740  03 

At  Dibbled  Point 2,372  02 

At  Smith's  Bar 13,198  36 

At  Crat's  Island 5,419  68 

At  Beef  Slongh 2,826  96 

At  Monnt  Vernon 14,328  74 

At  RoUingstone  and  Betsy  Slonghs 7,726  02 

At  Winona 12,423  94 

At  La  Crosse 4,717  33 

At  Caasville  Slough 12,497  12  , 

At  Horse  and  Smfth's  Island 4,791  20 

At  Koithsburg 5,815  02 

MapB  and  surveys 10,593  31 

Allotted  for  "Adams's  Flume" 20,000  00 

Total  expended 118,449  72 

Money  statement 

Jaly  1,  1879,  amount  available 1142,049  77 

Aznonnt  appropriated  by  act  approved  Jnne  14,  1880 150,000  00 

1292, 049  77 

July  1,  1880,  amount  expended  during  fiscal  year 118, 235  54 

falw  1, 1880,  outstanding  UabUities 214  18 

118,449  72 

rnly  1, 1880,  amount  available 173,600  06 

H mou nt  that  can  be  profitably  expended  i n  fiscal  year  ending  June  30, 1882 .    500, 000  00 
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REPORT'  OF   ; 


Sir:  I  bare  the  taoDor  to  submit  the  following  report  npon  works  coiiBtmct«d  for  the 
improvement  of  the  UisaiBsippi  Biver  ttom  Saint  Paul  to  Cbimne;  Rock,  during  Ibi- 
fiscal  ;eaT  ending  June  30, 1^,  to  nbicb  I  have  added  the  results  of  an  examination 
of  tbe  river  and  exiRting  'vrorks  in  m;  district  made  during  the  month  of  May,  1880. 


Tbe  soiuidings  were  made  at  a  itoge  of  7  feet  above  low'water  of  1864,  and  show  no 
material  vbaii^  since  tbe  last  examination,  except  a  slight  fllling  at  tbe  upper  and 
lower  ends  of  the  improved  chaitoel,  nbicb  will  undoubtedly  cut  out  aa  tne  water 
foils.  No  examination  was  made  at  low-water  lost  year,  but  pilots  report  not  lettsilian 
41  feet  in  tbe  channel. 

The  left  hank  between  dams  3  and6shonld  he  protected  for  a  length  of  aboot  1.0<".i 
feet,  hut  this  is  not  immediately  ueceaeary. 

EXAMtXATION  AT   HEAD   OF    NBWPORT  ISLAND. 

Tbe  channel  h  straightening  and  improving  slowly,  and  is  anfflcieutly  good  so  luiii: 
as  other  bars  in  the  vicinity  remain  in  their  present  condition.  The  head  of  Nen-part 
Island  should  he  protected,  and  the  channel  between  Island  No.  3  and  the  left  bank  closed. 
At  the  foot  of  Newport  Island,  and  on  the  three  crossings  above  Robinson's  Island, 
there  was  less  than  S  feet  at  low-water  last  season,  These  jKiints  will  require  Grsi 
-"— tion  whenever  the  improvement  of  tbe  river  between  Saint  Paul  and  Hastinj^i 

SHORE  PROTECTION  AT  KASTI! 


flite  tbe  dams  built  in  ^uiu,  buu  t^uiiuumi  uuxu    i,i,i<ps>ii  uw  a^i..        .uc    »•!»  m    auu— 

IS  feet  above  low  water,  the  upper  part  being  a  bard  clay,  but  nnderloid  by  a  strattun 
of  sand  near  the  low-water  line,  which  cuts  out  and  causes  the  upper  stratum  to  car* 
off  in  large  masses.  The  channel  is  working  down  this  shore,  and  tbe  protection 
flhonlit  be  extended  down  stream  about  EOOfeet. 

Materialt  uttd  and  co*l  of  work. 


m.\'M\ 


KXAMINATION   AT   II AST!  SOS 


The  channel  continnes  to  widen  somewhat,  and  there  haa  been  considerable  fillin(! 
between  tbe  spur  dams.  Tbe  boats  have  had  no  trouble  here  since  the  dams  werr 
built. 

SHOItB   PI(0T>X'TIO.V   AT  DIDDLK'S   POINT. 

This  work  was  done  under  tbe  same  contract  as  that  at  Hastings.  The  left  liank  ot 
the  river  opposite  Preeeott  Island  was  protected  for  a  distance  of  1,250  feet  nji  stream 
fh>ra  the  foot  of  tbe  point. 

The  material  of  wuieh  the  point  is  composed  is  a  pure  fine  sand,  easily  cut  ■"'*.<' 
by  the  current,  and  the  shore  line  had  receded  fltim  15  to  20  feet  since  the  channfl  (« 
the  right  of  Prescott  Island  was  closed  last  year. 
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MateriaU  u^ed  and  ooat  of  work. 


Deiicription. 


9 

S 

JS 

1-9 


5  . 
go 

SI 


5 


§1 


Shore  protiHition  (sheet  "So.  7) 

Superintendence  and  office  expenses 


'  1 

I    1,250  I    1,575.6' 

I I 


907.3 


Totol 


I 


a 

9 
O 

S 


$2,053  6a 
318  3» 

2.372  02 


EXAMINATION  OF  HEAD  OF  PRESCOTT  ISLAND. 

Since  last  season  the  bar  has  cat  out  so  that  there  is  now  a  arood  3-foot  channel  at 
low-water^  which  will  probably  improve  as  the  water  falls.  This  bar  was  composed 
largely  of  fine  gravel,  which  resisted  the  scouring  action  of  the  current  and  rendered 
the  deepening  of  the  channel  very  slow ;  but  of  late  it  has  improved  rapidly,  and 
DO  fnrther  trouble  at  this  point  is  anticipated. 

SMITHES  BAR. 

This  work  was  done  under  contract  with  S.  J.  Truax,  of  Hastings,  Minn.,  dated 
August  ^,  1879,  Mr.  H.  N.  Elmer,  inspector.  The  river  at  this  place  was  about  1,100 
feet  wide,  forming  a  long  shoal  crossing  from  the  left  bank  to  the  right  bank,  with 
about  2  feet  in  the  channel  at  low-water.  This  has  been  the  head  of  navigation  for 
the  larger  boats  during  low-water  for  the  past  two  seasons. 

The  channel  was  contracted  to  a  width  of  600  feet  by  five  spur  dams,  three  from 
the  left  and  two  firom  the  right  bank,  and  1,000  feet  of  the  right  bank  below  the  dams- 
was  protected  by  a  revetment  of  brush  and  stone.  The  dams  where  less  than  5  feet 
high  were  built  with  fascines  12  feet  long,  which  effected  a  considerable  saving  of 
material.  The  examination  in  May  showed  a  good  channel  of  not  less  than  4^  feet  at 
Iow-water4 

Materials  used  and  cost  of  work. 


Description. 


Xo.l<sheet8) 

No.2  (sheets) 

No.8(sheet8) 

No.  4  (sheet  8) 

Dam  No.  5  (sheet  8) 

Shore  protection  (sheet  8) 


I 


500 
150 
350 
300 
525 
1.000 


Superintendence  and  office  expenses 


Total 


k 

S  Q 

1^ 


1.000.8 
604.2 

QUO   B 

vw.  e 
1,058.9 

1,  526.  5 

2,  377. 6 


5   . 
11 

-J 

S  fe 


579.7 
645.0 
948.2 

1,007.0 
009.0 

1, 759. 1 


7,567.8  ,  5,938.0 


a 

9 
O 

a 


$1,348  67 
1,047  29 
1,638  90 
1,737  95 
2.147  80 
3, 505  75 


11. 426  36 
1,772  00 

13, 196  36 


SHORE  PROTECTION   OPPOSITE  CRAT*8  ISLAND. 


The  work  at  this  place  consisted  in  protecting  the  left  bank  of  the  river  for  a  dis- 
t Alice  of  1,977  feet,  divided  as  follows :  400  feet  of  low  shore  protection  opposite  the 
head  of  the  island ;  then  an  interval  of  432  feet  unprotected,  followed  by  1,577  linear 
feet^  of  protection  carried  to  the  top  of  the  bank.  Below  this  the  bank  juts  out  into 
the  stream,  deflecting  the  current  to  the  right.  It  is  proposed  to  allow  this  part  of 
tbe  bank  to  cut  away  until  it  is  nearly  straight,  and  then  continue  the  protection 
do^^n  stream. 
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The  bank  is  from  5  to  10  feet  high,  composed  of  a  mixture  of  loam  and  fine  sand, 
and  had  receded  from  10  to  30  feet  since  the  completion  of  the  dam  bnilt  in  1878.  Ma- 
terials were  purchased  in  open  market,  and  the  work  done  by  hired  labor.  Work  was 
commenced  August  27  and  finished  September  25. 

MateriaU  u»ed  and  cost  of  work. 


Denoription. 

Linear  feet. 

Q  O  O 
CO 

2,S50.8 

as  u    . 

gov 

m 

Poles,     at    4 
cents  each. 

1 

Shore  protection  (sheet  14) 

1,877 

1,880.4 

1,600 

81828  31 

Hire  or  boats  and  barires  .- 

862  00 

IfftbOr X  a  w  4  ^  .  X  *  ^   .  .  X  c  X  .        .a 

808  08 

' 

1 

Superintendence  and  office  expenses 

4,082  01 
727  08 

Total 

5^418  01 

EXAMINATION  OF   CRAT'S   ISLAND. 


The  high  bar,  which  in  1878  was  opposite  dam  No.  1,  has  moved  down,  and  is  now 
opposite  dam  No.  2,  making  the  channel  part  of  the  dam,  thou£[h  deep,  only  about  900 
feet  wide.    If  this  bar  does  not  cut  away  as  the  water  falls,  it  maj  be  neoeasary  to 


away  as  cne  water  falls,  it  may 
sink  a  line  of  mattresses  between  the  dam  and  the  bar  to  prevent  further  deepening 
and  force  a  widening  of  the  channel. 

The  tow-head  between  the  head  of  Crat's  Island  and  the  left  bank  has  disappeared, 
amd  the  channel  is  cutting  out  down  the  left  side  of  the  island,  which  will  probably 
render  some  protection  at  the  upper  end  of  the  island  necessary. 


EXAMINATION  OF   BREF  SLOUQH  BAR. 

The  channel  above  Tee-pe-ota  Point  has  left  the  riffht  bank  and  has  been  gradualir 
working  eastward  for  the  past  two  years.  The  sounoings  show  a  good  channel  of  sni- 
ficient  width  to  the  left  oi  the  high  bar  off  the  point.  One  or  two  spur  dams  from  the 
right  bank  will  maintain  the  channel  in  its  present  position,  which  is  desirable. 

The  bar  west  of  Island  31  will  probably  move  down  and  ofradually  close  the  present 
channel,  throwing  the  water  between  Islands  33  and  34.  Whenever  this  takes  place 
the  projected  dam  from  the  left  bank  to  Island  34  should  be  built. 

DAM  AT  FOOT  OF  BEEF  SLOUGH. 

Work  was  commenced  here  June  1, 1880,  and  the  shore  protections  and  bottom  layer 
of  dam  No.  1,  ttom  the  left  bank  to  Island  36,  were  put  in.  Owinsr  to  tiie  present  high 
stace  of  water  it  was  necessary  t.o  suspend  the  work,  which  wiUbe  resumed  as  soon 
as  the  stage  of  water  permits.  The  work  was  done  by  hired  labor,  material  being 
purchased  in  open  market. 

MaieriaU  used  and  cost  of  work. 


Description. 


Linear  feet. 


Dam  No.  1  (sheet  14) ... 
Hire  of  boat  and  barges 

I^abor 

Tools,  &c 


1.200 


Rock,  cubic 
yards. 


eta 


Superintendence  and  office  expenses. 
Total 


Bmsb,  cn« 
bic  yards. 


780.11 


Poles,  nam 
ber. 


1,284 


Amonnt. 


f887M 
514  K 
770  58 
2349 


2.447  4C 
379  4* 


2,826  9s 
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MOUNT  VERNON  BAR. 

This  work  was  done  under  contract  with  Messrs.   Jenkins  &.  Van  Gorder,   of 
WinouAi  Minn.,  dated  September  3^  1879,  Mr.  J.  C.  MoElherne,  inspector. 

Bfonut  Vernon  Bar  is  formed  by  the  Junction  of  Pomme  de  Terre  Chute  with  the 
main  channel  of  the  river  at  the  foot  of  Island  48,  and  has  been  a  serious  obstruction 
to  navigation  for  many  years. 

At  low-water  of  1879  there  was  a  narrow  and  crooked  channel  of  about  3  feet  depth 
across  the  bar. 

The  plan  of  improvement  a<lopted  was  to  contract  the  channel  across  the  bar  to  a 
width  of  900  feet,  by  spur-dams,  and  also  close  the  channel  to  the  left  of  Island  50 
sod  the  tow-head  below.  Work  was  commenced  September:^,  and  completed  Decem- 
ber -i,  1879. 

MateriaU  tued  and  co9t  of  tcork. 


DMcription. 


DmdNo.  1  (sheet  16) 

Dam  No.  2  (aheetlS) 

Dun  No.  a  (sheet  16) 

Dmin  No.  4  (sheet  16) 

Vmm  No.  6(8heetl6) 

Shore  protection  Island  50  (sheet  16) . 


Sui>erint<>ndence  and  office  expenses. 
ToUl 


Linear  feet. 


900 
620 
1,400 
660 
200 
250 


Stone, 
at  $1.23  per 
cubic  yard. 


1,600.0 
1. 101. 2 
2.012.8 

l.lW-4 
331.1 
438.44 


Brush,  at 
63  cents  per 
onbio  yard, 


1, 152. 5 
1, 43L  0 
8,170.0 
l,63a.l 
281.0 
34a  82 


Amount. 


$2,455  82 

2,228  eO 

4,155  84 

2.280  74 

556  IS 

721  35 


12,402  54 
1,026  20 


14.328T4 


EXAMINATION  AT  MOUNT  VERNON  ilAR. 


Th< 


iv  soundings  show  a  channel  of  4^  feet  at  low-water,  not  less  than  300  feet 
wide,  which  will  doubtless  improve  as  the  river  falls.  There  is  no  probability  of  any 
further  trouble  at  this  point. 

Very  respectfully,  your  obedient  servant, 


Capt.  A.  Mackenzie, 

Corps  of  EngineerSf  U.  8.  A. 


J.  L.  Gillespie^ 
J»8istnni  Engineer, 


REPORT  OF  MR.   M.   MEI08,  UNITED  STATES  CIVIL  ENGINEER. 

Rock  Island,  III.,  June  30,  1880. 

Captain  :  I  have  the  honor  to  submit  my  annual  report  of  work  done  on  the  improve- 
ment on  the  Upper  Mississippi  River,  between  Rock  Island,  IlL,  and  Chimney  Rock 
Bar,  Minnesota,  for  the  fiscal  year  ending  June  30,  1880,  as  follows: 

GENERAL  REBfARKS. 


The  work  done  last  season  was  similar  in  character  to  that  of  the  preceding  year. 
The  same  forms  of  dams  and  shore  protections  were  used,  but  with  the  difference  that 
it  -was  endeavored  to  use  a  larger  proportion  of  brush  in  the  dams,  and  on  the  shore 
protections  a  smaller  proportion  of  rock ;  both  of  which  attempts  have  so  far  resulted 
in  a  reduction  of  cost,  without  any  apparent  want  of  stability  m  the  structures  them- 
selves. 

The  supply  of  brush,  however,  in  the  vicinity  of  all  the  larger  works  on  the  Upper 
Mississippi  River  is  becoming  scarce,  and  it  seems  as  if  some  steps  should  be  taken  to 
secure  a  future  supply,  if  the  works  are  to  go  on,  and  to  economize  brush  in  the  con- 
structions projectea.  The  first  consideration  would  necessitate  the  planting  of  sand- 
>ars  ;  the  latter  the  adoption  of  a  form  of  dam  consisting  mostly  ot  rock  or  dredged 
naterial. 

Xlie  past  season  was  a  trying  one  for  steamboats,  and  has,  I  think,  proved  conclu- 
sively the  beneficial  effects  or  works  of  improvement  already  completed.  The  con- 
structions of  1678  have  in  every  case  proved  successful  in  giving  a  good  channel 
rbere  they  had  been  advanced  to  anything  like  a  completed  state. 
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I  think  an  effort  should  be  made  this  year  to  test  the  usefulness  of  sand-bar  plant- 
ing, and  the  experiment  should  be  made  in  the  fall,  after  the  water  becomes  low. 
Should  the  experiment  prove  a  failure,  it  should  be  tried  again  next  spring,  before  the 
June  rise.  Very  few  of  the  willows  put  into  our  dams  or  shore  protections  have  taken 
root,  from  the  fact  that  they  were  usually  cut  in  the  hot  months. 

ROU.IXGSTOXE  BAR. 

The  work  on  this  bar,  and  alHO  on  that  at  the  foot  of  Betsy  Slough,  was  done  undei 
a  contract  with  Mr.  Jacob  Kichtmann,  of  Fountain  City,  Wis. ;  inspector,  Mr.  Jame> 
P.  Allen. 

The  closing  dam  in  Roliingstone  Bend,  from  Island  57  to  the  Minnesota  shore,  wa^ 
examined  early  in  the  season  and  no  settling  of  consequence  was  detected.  Soundings 
below  the  gap  200  feet  wide,  left  for  the  passage  of  rafts,  developed  a  g^at  amount  of 
scour,  a  hole  naving  been  excavated  which  measured  54  feet  deep  at  low  wat<er.  From 
this  point  the  bottom  rose  gradually  to  the  foot  of  the  dam,  whicn  latter  seems  to  have 
suffered  no  ba<l  effects. 

It  wa«  impossible  to  place  any  large  amount  of  rock  in  the  gap  without  interfering 
with  the  passage  of  rafts.  There  is  no  doubt  but  that  this  gap  wastes  a  vast  amount 
of  water  needed  in  the  main  channel  to  the  left  of  Island  57.  Either  the  gap  must  be 
closed  and  the  dam  raised  or  dam  No.  1  extended  and  raised  so  as  to  divert  the  water 
At  that  point.  The  latt/cr  plan  will  conflict  less  with  large  private  interests,  and  I 
would  reconunend  its  adoption. 

Dam  No.  2  was  built  from  the  head  of  Island  57  out  to  the  proposed  channel  line. 
This  was  to  stop  a  great  escape  of  water  between  the  bar  and  the  head  of  Island  .^7, 
and  caused  it  to  flow  around  the  end  of  the  dam,  and  assist  in  scouring  out  the  ba<l 
crossing  opposite  the  island.  (See  map.  Report  Chief  of  Engineers,  lb79.)  In  thf 
lowest  place  this  dam  was  built  to  2  feet  above  low-water,  the  portion  on  the  sand-bar 
being  some  2  feet  higher  or  5  feet  above  low-water. 

Dam  No.  9  is  a  submerged  dam  built  to  prevent  the  water  cutting  any  deeper  along 
the  face  of  the  bank  opposite  Island  58  ;  3(K)  feet  of  shore  protection  was  built  at  the 
junction  of  the  dam  with  the  shore,  and  UOO  feet  more  will  be  needed,  as  this  bank  i* 
cnttiug  rapidly.  There  is  nowhere  less  than  4^  feet  of  water  over  Dam  9  at  lowest 
stage. 

An  examination  made  May  17,  1880,  shows  that  there  is  a  considerable  widening  of 
the  3-foot  channel  opposite  Island  57.  The  bar  has  been  forced  down  upon  the  head 
of  dam  No.  6,  and  the  channel-way  contracted  to  a  width  of  only  250  feet.  At  a  lower 
stage  than  that  prevailing  at  the  date  of  the  examination,  this  width  will  no  doubt  be 
increased. 

A  dam  should  be  built  from  the  left  bank  to  contract  the  water-way  across  the  bar 
opposite  Island  57. 

All  the  works  recommended  above  should  be  put  in  during  the  season  of  1880. 

BETSY  SLOUGH. 

The  dams  and  shore  protections  built  in  1878  have  stood  well,  and  have  secured  % 
channel  across  this  veiy  bad  bar,  which  has  never  since  the  completion  of  the  dani^ 
had  less  than  a  4^-foot  channel.  During  the  past  sea«on  1,024  feet  of  shore  protection 
has  been  put  in  on  the  left  bank  of  Betsy  Slough — included  in  last  annual  report — ^anil 
1,000  feet  on  the  right  bank  of  the  river,  below  the  foot  of  Island  63,  built  flbfter  Jant» 
30.  The  bank  below  both  these  pieces  of  riprap  will  need  at  no  distant  day  some  fur- 
ther protection.  The  two  sloughs  opposite  Wilds,  1  mile  below  Betsy  Slough,  shouhl 
be  closed,  tw  the  river  shows  a  tendency  to  draw  in  that  way. 

Detailed  cost  of  BoUimfstone  and  BeUy  Slough  work. 


Description.  ^ 


it  P 


Ou.yds. 

Dam  2  (Sheet No.  17) $68       1,667.5 

Dam  9  (8hc5ct  No.  17) 196  932.6 

Shore  protection  No. 3  (sheet  No.  17) : ;       1,000      2,206.3 


mm    U  *mm 

»  < 


Cu.ydM. 

903.  e  t2. 376  47 
55L  1  1, 356  S2 
881. 5  .    2. 9S5  )a 
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WIXOXA. 

This  work  was  begun  September  16,  imdor  a  coutract  with  Jenkins  &  Van  Gorder, 
of  Winona,  Minn.  The  inspector  was  Mr.  James  P.  Allen.  Two  dams  were  bnilt,  as 
shown  on  the  accompany* ins  map,  and  two  pieces  of  shore  protection.  It  was  found 
impossible  to  build  the  works  as  origiually  planned,  as  it  would  have  interfered  too 
much  with  the  navigation.  While  construction  was  in  progress,  September  24,  there 
wen*  nine  steamers  held  there  trying  to  cross  the  bar. 

Dam  No.  16  was  built  U)  a  height  of  4  feet  above  low- water.  The  end  abutting  on 
Island  70  will  probably  settle  somewhat,  the  sand-bar  on  that  side  of  the  slough  being 
extremely  soft  and  easily  disturbed.  The  dam  extends  from  Island  70  to  Island  71, 
and  is  710  feet  long.  It  stops  a  slough  which  diverted  a  large  portion  of  the  low- 
wat4*r  flow  from  the  main  river. 

Dam  No.  20  extends  from  Island  71  to  Island  72,  and  closes  a  similar  gap,  dry  at 
low-wat«r.  Tbis  dam  consists  of  one  layer  of  rock  and  brush  only.  The  shore  pro- 
tections on  Island  71,  and  opposite  Argo  Island,  were,  like  those  at  Bet'Sy  Slough,  built 
lighter  than  those  put  in  in  1878,  and  appear  to  stand  equally  well. 

An  examination  made  May  4,  1880,  at  a  stage  of  8.1  feet  above  low- water,  shows 
that  the  channel  has  changed  somewhat  since  1878,  being  closer  to  the  head  of  Island 
72.  The  3-foot  contours  give  a  width  of  channel  not  less  than  400  feet  on  the  crossing. 
It  will  be  necessary  to  contract  the  width  of  the  channel  opposite  Island  71  by  a 
spur  or  spurs  from  the  right  bank,  as  the  river  is  here  very  flat,  and  the  water  is 
watited  over  a  large  area. 

There  should  also  be  a  spur  from  Island  72,  and  some  shore  protection  on  the  head 
of  Island  72.  A  small  slough  back  of  Island  70  should  also  be  closed,  as  a  large 
amonnt  of  water  is  wasted  through  it,  and  the  width  appears  to  be  increasing. 

Detailed  cost  of  lilnona  works. 


I  I 

Bock,  at   I  Brash,  at  , 
Description.  Linear  feet.  $1.17  per  ca-  53  rents  per    Amount. 

I   bio  yard.   I  cubic  yard.  | 


; 


R     I 


Shor«  protection  No.  13  (sheet  18) 1, 185 

Dam  No.  16  (eheft  No.  18)  710 

Sbore  protection  (sheet  18) 1, 365 

Dam  Xo.  20  (sheet  18) '  395 


Cubic  yd*. 

Cubic  ydt.  , 

1, 622.  6 

1, 027. 0 

$2, 442  75 

2. 295. 1 

1,765.6 

3,  621  02 

2, 189. 4 

1,  736. 1  t 

3, 481  73 

812.1 

491. 1  , 

1. 210  44 

Saperintendenco  and  office  expenses. 


6, 919. 2  I        5. 019. 8  <      10, 755  94 
1,668  00 


Total  expended , | {      12,423  94 


QUEEX'S  BLUFF. 

No  work  was  done  at  this  place  last  season,  though  authority  was  granted  for  some 
riprap  opposite  the  dams,  other  places  appearing  to  nee<l  the  expenditure  more.  This 
shore  protection  should  be  put  in  soon.  The  result  of  the  works  at  Queen's  Bluff,  ^ut 
in  in  XtflS^  has  been  very  gratifying,  no  detention  to  steamboats  having  occurred  dunng 
the  past  season  even  at  tne  lowest  stage  of  water.  No  examination  was  made  at  this 
bar  daring  the  past  spring,  bat  it  is  believed  that  the  low- water  season  will  show  the 
routinuance  of  the  good  results  attained  last  year. 

LA  CROSSE. 

Late  in  the  season  the  river  above  La  Crosse  showed  a  strong  tendency  to  cut  in 
l>ebind  Island  105,  owing  to  a  straightening  of  the  main  channel,  which  threw  the 
corrent  directly  on  the  head  of  the  island. 

A  low  dam  was  built  from  Island  105  to  the  left  bank,  and  375  feet  of  riprap  put  in 
at  the  head  of  the  island. 

It  was  intended  to  pat  in  some  shore  protection  on  the  shore  of  Barron  Island,  op- 
posite and  below  the  head  of  Island  105,  which  needs  it  very  much,  but  the  cold 
iK-eather  drove  the  working  parties  from  the  field.  The  work  was  done  under  an  in- 
formal contract  with  P.  S.  Davidson,  of  La  Crosse.    Mr.  C.  M.  Bennett  was  the  in- 

Xhe  dams  at  Island  104  and  Island  106  cannot  be  considered  as  more  than  partially 
improving  this  part  of  the  river.  The  bar  above  the  city  was  in  a  very  bad  condition 
laMt  season  and  caused  much  delav  and  trouble  to  steamers  and  rafts. 
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The  water  flons  •ve.r  this  bar  in  a  thin  sheet,  and  shonlil  be  conc^itrated  ao  Kg  id 
give  greater  depth.  This  could  be  accomplished  by  bnllding  a  training  wall  dowu 
stream  &om  a  point  at  the  jnaction  of  the  Black  and  Missiwippi  rivera,  and  a  short 
•par  from  the  shore  of  Island  106.  This  work  and  the  riprap  on  Island  106,  aboT« 
referred  to,  are  very  important.  The  cutting  away  of  the  shore  of  Islanil  106  is  pro- 
gressing very  rapidly  and  i^oiitributins  frreat  massoa  of  material  to  the  bar  below, 
rhent  is  a  small  slough  which  eiitera  Black  River  op]>oiiit«  the  elevator  wharf  and  hu 
cansed  the  formation  of  a  sand-bar,  which  greatly  interferes  with  Ihe  ojH-ralinns of 
8(«Amera  and  rafti.     This  slongh  nhould  l«  closed. 

IWailnl  coat  iif  La  Crone  work. 

I  l_:i^_m_ 

Oabieudi.CubUydi. 

CkMinKdminNa«(Bhn(Nn.2U    i        MO  i    l.mO  .      7M.00 

8lwreprDl«itioaNo.l<abwlMD.>lI 37S  ■    1,£7L1  I      MT.W 

Total I    2,M).l  I  1,2aLS5 

Total  eipfoded .1 J 

FOOT  OF   CA8«V1LLJ1  BLOUGH. 

Work  could  not  lie  begun  until  late  in  the  season  owing  tci  a  combination  of  drcniu- 
■tances.  No  coiitraclor  coulil  be  fouDd  willing  tn  undertake  the  funiiHhing  nf  bmeli 
and  rock  so  near  the  colil  weather  season,  so  all  the  work  was  done  by  hired  labor 
The  work  was  somewhat  ilii]ay<il  b.r  rain  and  wind,  the  latt«r  ninkins  the  haniUinK  "^ 
steamer  and  barges  difficiilt.  Fiiiiilly,  the  c time  of  navigation  drove  the  working  pari} 
in  before  the  work  was  completwl. 

The  closiuE  dam  from  Island  192  to  the  main  shore  was  finished,  nlno  the  riprap  i' 
the  bead  of  Island  19'i.  Eijfht  hundred  and  lifty  leet  of  riprap  on  the  right  batik  uj^ 
poBit«  the  head  of  Inland  19v  was  completed  to  a  height  of  4  feet  above  low-watai 
An  examination  made  April  27,  ll^,  shows  a  great  improvement  in  the  condition  i>\ 
this  bar  dne  to  the  action  of  the  dam  at  Island  193. 

There  is  a  wide  34oot  channel  and  but  slight  interruption  t«  the  4^oat  channel 
The  water  shows  a  tendency  to  follow  the  shore  of  Island  192,  and  should  be  intfr- 
cept«d  by  a  low  spur.  The  shore  near  the  foot  of  12-mile  Island,  opposit«  192,  form- 
ing the  right  bank  of  the  chute,  should  Ik  further  riprapped,  as  it  is  of  very  »aiid} 
material  and  washes  rapidly. 

This  bar  gave  creat  trouble  to  both  steamers  and  rafts  daring  the  low-wat«r  of  Si'p- 
tember  and  October,  1876.  Some  of  the  raft-boat«  could  nut  cross  at  all  auil  bad  iv 
lie  below  the  bar,  waiting  for  their  rafts  to  be  sent  down  to  them  by  a  lighter  boat. 

The  bar  has  been  for  many  years  ooe  of  the  worst  obstructions  on  the  Upper  tSiftis- 
sippi  River. 

Detailed  coat  of  Caaaville  aerk. 

CoBt  of  labor f7,  lOB  90 

Hire  ofHteamer  and  use  of  st«ain-launch 1,G1^  'm 

Hireof  baiges _. 1,060  ffi 

Purchase  of  tents  and  plant '. 405  AT 

Cost  of  lath  yani,2,ieO  pounds IW  50 

Purchnaeof  powder  (110  pounds  still  on  hand) -SfS  40 

Qnarry  and  brnnh  royalties 6E>W 

Superintendence  and  traveling  expenses ..  I,6TT  S" 

Total  cost 12,497  K 
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i5oa 


Summary, 


Description. 


Closing  dam  No.  1  (ahoet  38) 

Shoro  protection  No.  1  (sheet  38) . 
Shore  protection  No.  2  (sheet  83) . 
Received  at  works  and  not  pat  in 


Totals 


Linear 
feet. 


520 
423 
8fi0 


Poles. 


Sock. 


1,811 
784 
450 
480 


3,475 


CkUfieydi. 

3,00(1.25 

1,004.00 

879.00 

126.00 


5,106.26 


Summary  of  cost 


Description. 


Bmsh. 


Cubic  tfdt. 

2,348.50 

842. 0<^ 

770.50 

65(L00 


4,42&0O 


Value  of  material  on  hand 

0,040.75  cnbic  yards  material  pat  in  work 
Saperintendence  and  traveling  expenses . 


Total  cost- 


C«f  *  PtS        TotaL 
cubic  yard,  i      ^"*-^ 


$1  17i 


$204  87 

10,614  35 

1,677  00 

12.407  12 


BELLSVUE  BAR.  , 

No  work  has  been  done  at  this  place  since  1878,  when  the  dam  was  put  in  at  the 
head  of  Island  248. 

Two  examinations  were  made  during  the  present  fiscal  year,  one  in  Angust,  1879,  at 
low-water,  and  one  Anril,  1880,  at  a  high  stage.  Both  show  a  marked  tendency  of  the 
water  to  form  a  new  cnannel  close  to  the  right  bank  of  the  river.  This  will  be  a  great 
improyement  if  it  can  be  secured.  A  small  amount  of  dredging  towards  the  lower 
end  of  the  bar  would  perhaps  determine  the  channel  in  the  desired  position,  and  I 
recommend  that  the  attempt  be  made.  The  channel  once  secured  in  this  place  will 
probably  be  permanent,  or  at  least  will  allow  of  its  being  made  so  at  a  small  propor- 
tionate cost.  Bellevue  Bar  continued  to  give  trouble  last  year,  and  many  rafts  and 
st^^amera  were  delayed  there.  The  dam  at  the  head  of  Island  248  has  stood  well,  but 
«»nly  was  built  li  foot  above  water  and  should  be  raised  at  least  2  feet. 

HAHBOR  OF  ROCK  ISLAND,   ILLINOIS. 

A  survey  and  estimate  was  made  under  your  orders  September  17, 1679,  showing  the 
condition  and  cost  of  removing  of  a  sand-bar  which  envelops  the  river  front  of  Rock 
Island,  and  interferes  greatly  with  navigation.  A  small  amount  of  dredging  would 
afford  great  relief  to  the  steamers  landing  here  for  freight  and  coal.  Rock  Island  being 
one  of  the  principal  coaling.stations  on  the  Upper  Mississippi  River.  (See  your  letter 
to  Chief  of  Engmeers  dated  November  5,  1879,  forming  part  of  H.  Ex.  Doe.  No.  ^, 
Forty-sixth  Congress,  second  session.) 

ARNOLD'S  BAR. 

Great  trouble  and  delay  were  experienced  last  season  at  Arnold's  Bar.  The  river 
splits  on  Island  259  into  two  channels,  and  has  for  several  years  been  in  very  bad  con- 
dition  at  low-water.  A  dam  should  be  built  closing  one  or  the  other  of  these  chan- 
nels, the  one  to  .be  closed  being  determined  by  surveys  later  in  the  season.  The 
beJM  of  Island  259  should  also  be  protected  by  riprap,  and  some  riprap  put  in  on 
tlie  shore  below  Island  259  if  the  left  arm  of  the  river  is  closed. 

SAMPLES  OF  MATERIALS. 

Ssmples  of  sand,  clay,  and  mud  were  collected  at  various  places  during  the  past  sea- 
aoxA.  tu  obedience  to  your  orders  I  append  the  following  table  of  specific  gravities 
id  weights  per  cubic  foot.  The  samples  of  sand  taken  from  different  bars  vary  little 
ippearance,  nearly  all  the  bars  containing  all  the  different  grades  in  varying  pro- 
tions  and  positions. 
Tlie  samples  of  materials  from  Galena  River  were  taken  with  a  dredge^  and  the 
^frei^fht  per  cubic  foot  determined  by  actual  measurement  in  a  box  1  cubic  foot  in 
cUm^snsion.  The  specific  gravity  in  this  case  has  been  determined  from  the  weight 
cnbic  foot,  water  at  maximum  density  being  the  standard. 
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In  all  the  samples  except  those,  taken  from  Galena  River,  the  sand  was  well  shaken 
in  the  bottle  antil  it  wovud  compact  no  more.  The  weights  and  specific  ffravities  of 
the  wet  sand  refer  to  sand  perfectly  wet,  the  excess  of  water  being  poored  off.  Wet 
sand  taken  from  a  dredge  would  be  lighter  as  it  wonld  contain  less  water.  The  ratio 
of  absorption  given  in  the  table  is  understood  to  be  the  diflerence  of  weight  between 
the  same  sample  wet  and  dry,  divided  by  the  weight  of  a  volume  of  water  equal  to 
the  volume  or  sand. 

Very  respectfully,  your  obedient  servant, 

M.  Meigs, 
rniied  States  Civil  Engineer. 
Capt.  Alexander  Mackenzik, 

Corps  of  EngineerSj  C  S.  A. 


Table  of  specific  gravities,  cjc 


Localitv. 


Prcscott  Bar. 


Smith's  Bar. 


Mount  Vernon. 


Dubuque  Bar 


Belle  vue  Bar. 


Galena  Siver 


p. 
E 


u 

J 

a 

9 


7 

7 

5 

5 

10 

10 

10 

10 

15 

15 

4 

4 

15 
15 
16 
16 
10 
10 
3 


2 
2 
1 
1 
4 
4 
3 
3 
6 
6 


I 


en 


1.  8072 

2.1547 

1.  7875 

2.1350 

1.8917 

2. 0519 

1.6683 

1.9386  < 

1.8106 

2.1630 

1.  8820 

1.0407 

L7272 

2.0958 

1.8824 

2.1956 

1.  8738 

1.9867 

1.7682 


ii 

9 


112. 81 
134.51 
111.58 
133.34 
118.28 
128, 15 
104.25 
121.  05 
112. 98 
135. 33 
112.08 
121. 15 
107.90 
130.80 
117.  51 
137.06 
116.97 
124. 02 
110.38 


2.0905 

130.  51 

1.8557 

115.84 

2.1688 

135. 39 

1.7882 

111.63 

2.1150 

132. 03 

1. 7137 

106  98 

2.0566 

128.38 

1.6819 

104.99 

1.9969 

124.66 

2.2378 

139. 70 

2.3635 

147. 55 

L8738 

117.00 

1.9063 

119.00 

1.8282 

114.00 

1.5539 

97.00 

1.6180 

101.00 

L9255 

123.00 

1.9063 

119.00 

§ 


I 


0.34894 

0.34992 

0. 16146 

0.26963 

0.35880 

0. 13313 

0.36838 

0.  31456 

0. 11341 

0.32369 

0. 31431 

0. 32183 

0.34436 

0. 31636 

0. 17733 

Bemurks. 


Very  fine  aand ;  dry. 
Very  fine  sand ;  wet. 
Medinm,  coarse  and  fine  mixed ;  dry. 

Do. 
Gravel  and  sand  mixed ;  dry. 
Gravel  and  aand  mixed ;  wet. 
Very  fine  Hand ;  di^j*. 
Very  fine  aand ;  wet. 
Me<lium,  coarse  and  fine  mixed  ;  dry. 
Medium,  coanw}  and  fine  mixed ;  wet. 
Gravel  and  fine  aand  mixed;  dry. 
Gravel  and  fine  sand  mixed ;  wet. 
Very  fine  sand ;  dry. 
Very  fine  sand ;  wet. 
Medium  and  fine  sand  mixed ;  dry. 
Medium  and  fine  sand  mixed ;  wet. 
Fine  gravel  with  a  little  sand :  dr>'. 
Fine  gravel  with  a  little  sand ;  wet. 
Very  fine  sand,  impure,  lower  edge  of  bar 

dry. 
Very  fine  sand,  impure,  lower  edge  of  bar; 

wet. 
Fine  sand,  opposite  Waple's  Cut ;  dry. 
Fine  santL  opposite  Waple's  Cat;  wet. 
Pure  sand,  oater  edge  of  bar ;  dry. 
Pure  sand,  outer  edge  of  bar ;  wet. 
Very  fine  sand ;  dry. 
Very  fine  sand ;  wet. 
Coarse  sand ;  dry. 
Coarse  sand ;  wet. 

Coarse  gravel  and  a  Uttle  sand ;  dry. 
Coarse  gravel  and  a  little  sand ;  wet. 
Medium  sand,  from  bar  foot  Harris's  Slou^ ; 

wet. 
Sand,  slightly  impure,  surface  of  bar ;  wet 
Mud,  same  locality  as  above. 
Mud,  very  soft,  opposite  Station  22. 
Clay  at  Spratt's  Lake. 
Sand,  very  fine  aad  impure,  above  Spnttt's 

Lake;  wet. 
Clay  and  mud,  a  little  sandy ;  wet 
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United  States  Engineer  Office, 

Eock  Island,  //I.,  June  30,  1880. 
Captain  :  I  have  the  honor  to  submit  my  annual  report  in  reference  to  certain 
works  for  improving  navigation  of  the  Missistitjtpi  River  fron»  K'tck  Island  to  Dtv. 
Moines  Rapids. 
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WORK  NEAR  HORSE  ISLAND. 

It  WM  decided  to  improve  the  channel  of  the  river  near  Horse  Island,  about  4  miles 
below  Rock  Island,  by  removing  certain  patches  of  rock.  Two  trials  were  made  by 
a  dredge,  which  showed  the  necessity  of  nrst  chiseling  the  rock.  Messrs.  Whitney  Sl 
Son  obtained  the  contract  for  removing  this  rock,  for  which  they  were  paid  $2.50  per 
yard.  The  horizontal  stratification  of  the  jock  made  it  necessary  to  break  2|  feet  of 
rock,  and  the  estimated  amounts  of  these  patches  were  very  much  overrun,  so  that 
only  a  part  of  the  improvement  could  be  effected  with  the  funds  available.  From 
August  36  to  October  16,  1879,  1,583.79  cubic  yards  of  rock  were  removed,  leaving  250 
cubic  yards  chiseled  but  not  removed.  Dredging  was  resumed  March  31,  but  only 
75.7  cubic  yards  of  rock  were  removed,  work  being  stopped  by  high  stage  of  water. 
The  total  quantity  of  rock  removed  at  Horse  Island  is,  tnerefore,  1,659.17  cubic  ya^s, 
and  the  amount  of  money  paid  for  its  removal  is  $4,147.92. 

REMOVAL  OF  OBSTRUCTIONS  AT  SMITH'S  ISLAND. 

It  havitog  been  reported  that  bowlders  were  to  be  found  in  the  middle  of  the  chan- 
Qel  near  Smith's  Island,  about  8  miles  below  Kock  Island,  with  but  2  feet  of  water 
over  them  at  low-water,  an  examination  was  made,  and  the  steam-drill  was  taken 
down  to  the  locality.  The  so-called  bowlders  proved  to  be  heavy  building  stone  un- 
Joailed  from  a  fiat-boat  caught  in  the  ice  in  this  vicinity  in  1866.  By  constructing  a 
derrick  upon  the  steam-drill  scow,  and  using  the  powerful  capstan  engine  of  the  boat, 
13  heavy  ouilding  stones  were  taken  from  tne  river  and  deposited  on  the  Iowa  shore. 
These  stones  averaged  from  1^  to  2  cubic  yai-ds  each  in  contents.  Lying  closely  to- 
L'Kher  they  might  easily  have  been  taken  for  bowlders.  This  work  was  finished  on 
November  14. 

DREDGING  AT  KKITHHBUKG,   ILLIXOIf*. 

The  river  at  this  place  is  verj*  wide,  and  at  a  low  stage  of  water  very  shallow,  with 
a  bottom  which  has  always  been  called  rock.  On  the  3<i  of  November  a  chisel-boat 
was  placed  at  the  crossing  and  commenced  work.  A  few  days  later  the  dredge  was 
towed  into  position.  It  soon  became  evident  that  the  dredge  could  execute  the  work 
without  the  assistance  of  the  chisel-boat,  and  it  was  therefore  withdrawn.  A  careful 
observation  in  reference  to  the  composition  of  the  material  dredged  up  classifies  the 
difietent  parts  of  the  conglomerate  as  follows : 

ft)  per  cent,  is  a  hard  black  clay. 

30  per  cent,  are  bowlders  of  sienite,  granite,  porphyry,  &c. 

5  per  cent,  is  a  coarse  gravel. 

5  per  cent,  is  a  coarse  sand. 

The  work  was  vigorously  pushed  by  Messrs.  Whitney  &  Sou,  the  contractors,  until 
the  inclement  weather  forced  the  withdrawal  of  the  dre<l^e  November  30.  The 
monthly  estimate  showed  during  26  actual  working  days  a  daily  excavation  of  about 
2(iii  cubic  yards,  or  a  total  of  5,355.1  cubic  yards.  Under  the  first  supposition  that  the 
material  at  this  bar  consisted  of  solid  rock,  which  could  only  be  excavated  by  chisel- 
lK>at  and  dredge,  the  price  per  cubic  yanl  was  to  be  $2  for  work  done  by  the  chisel- 
lM)at,  and  $1  for  work  accomplished  by  the  dredge,  but  when  the  nature  of  the  material 
waa  fully  developed,  the  price  was  changed  to  60  cents  per  cubic  yard. 

On  March  19,  1880,  work  of  excavation  was  resumed  and  continued  until  March  30. 
During  this  time  2,272.66  cubic  yards  of  material  were  removed.  The  estimated 
amonnt  of  dredging  for  improving  the  crossing  at  Keithsburg  is  29,057  cubic  yanls, 
and  the  amount  of  material  removed  was  7,627.76  cubic  yar£<,  leaving  21,430  cubic 
yards  yet  to  be  dredged,  as  is  shown  in  the  sketch  accompanying  this  report. 

An  appropriation  of  $20,000  is  necessary  to  make  the  work  commenced  useful  for 
navigation.  The  money  so  far  expended  for  the  removal  of  the  7,627.76  cubic  yards 
excavated  is  $5,034.:)2. 

All  of  which  is  most  respectfully  submitted. 

E.  F.  Hoffmann, 

A%»%»iani  Engineer, 

Capt.  Alexandrr  Mackicnzie, 

Corps  of  Engineers,  U.  S.  A» 
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Abstract  of  all  proposals  received  and  opened  this  97^  day  of  Angvstf  1879,  by  Capi.  A. 
Mackemiey  Corps  of  KngineerHy  V.  S.  A.,  for  building  dams  and  shore  proieciionfi  of  brush 
and  stone  at  /Smith's  Bar,  5  miles  below  Prescott^  Wis, 


a 


1 

2 
3 

4 
5 


NamoH  ami  residences  of  bidden. 


r.OOO  cubic  yards 
stone. 


■Per  cubic 
I     yard. 


K.  £.  Hoermann,  Rt^ed  s  Landing '  $1  85 

P.  S.  Davidson,  La  Cn>iwe,  Wis 110 

John  Gaee,  Wabasha,  Minn i  124 

Winston  liros^Minneapolis,  Minn i  1  ir> 

Sid.  J.  Truax,  IIastiug8,Minn |  89 


Anionnt. 


$12, 950 
7,700 
8.680 
8,  OfjO 
6.230 


e,500  cnbio. yards 
bruah. 


Per  cubic 
yard. 


$1  50 
80 
79 
88 
79 


Amount. 


$0,750 
5,200 
5.135 
5,720 
5,135 


Aggregat« 


122,700 
12.900 
13, 815 
13,770 
11,366 


Abstract  of  all  proposals  received  and  opened  this  27th  day  of  August,  1879,  by  Capt.  A. 
Mackenzie,  Corps  of  Engineers,  V.  S.\A.,  for  building  dams  and  shore  protections  of  brush 
and  stone  at  Mount  Vernon  Bars,  H  miles  below  Minnieska,  Minn, 


525  , 


Name<  and  rcHidences  of  bidders. 


10,000  cubic  yards     9,000  cubic  yards 
stone.  I  brush. 

I 


1  I  E.  K.  Heermann,  Ri^'s  Landing,  Minn 

2  I  P.  S.  Davidson,  I^  Crosse,  Wis 

3  J.  H.  Jenkins  and  S.  D.  Van  Gorder,  Winona, 
I      Minn    

4  i  Robert  M.  Mooer  and  L.  Rossiter,  La  Crosee, 

I      Wis 

5  I  Jacob  Richtman,  Fountain  City,  Wis 


Per  cubic 
yard. 


$1  95 
1  20 

1  23 

1  50 
1  40 


Amount.  ^•^^^^^^^^  i  Amount. 


$19, 500  ' 
12,000  ' 

12,300 

15.  000 
14,000  I 


$1  50 
80 

53 

•50 
80 


$13,500 
7,200 

4,770 

4,500 


Afcgregmte. 


7.200  , 


$33,000 
19,200 

17,070 

19,500 

21,200 


Abstract  of  all  proposals  received  and  opened  this  27th  day  of  August,  1879,  by  Capt.  A, 
Mackenzie,  Corps  of  Engineers,  U,  S,  A.,  for  building  dams  and  shore  protections  of  hmsh 
and  stone  at  bar  1  mile  above  Winona,  Minn, 


I 


1 
2 

3 

4 


Karnes  and  residences  of  bidders. 


10,000  cubic  yards 
atone. 


Per  cubic 
yard. 


P.  S.  Davidson,  La  Crosse,  Wis 

J.  H.  Jenkins  and  S.  D.  Yan  Gorder,  Winona, 

Minn 

Robert  M.  Mooer  and  L.  Rossiter,  La  Crosse, 

Y^j.  ......         . 

Jacob  Richtman,  Fountain  City,  Wii * ' ...... 


$1  20 

1  17 

1  50 
1  20 


Amount. 


$12,000 

11,700 

15,000 
12,000 


9,000  cnbio  yards 
bruah. 


Per  cubic 


Amount. 


$oao  I 

53  ' 
80 


$7,200 

4,770 

4,500 
7,200 


Aggregate. 


$19,200 

18,470 

19.500 
19.^ 


S3. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVER  FROM  DES  MOINES  RAPIPS 

TO  MOUTH  OF  THE  II^LINOIS  RIVER. 


The  works  under  this  head  of  appropriation  were  in  local  charge  of  Capt. 
B.  D.  Greene,  Corps  of  Engineers,  until  January  1, 1880,  at  which  time 
he  was  transferred  to  Detroit.  From  his  reports  and  memoranda  inauy 
of  the  following  details  were  gathered.  He  took  personal  charge  of 
operations  in  the  field,  and  to  his  intelligent  and  zealous  labors  is  due 
in  great  part  the  successful  management  of  the  work. 
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APPENDIX  8.  1507 

I. — CANTON,  MISSOURI. 

The  improvement  of  the  river  in  this  vicinity,  and  for  a  stretch  of 
river  17  miles  in  length,  extending  from  Canton  to  Quincy,  embracing 
Wyaconda  Bar  and  several  other  shallow  crossings,  wa«  selected  as  one 
of  the  points  of  operations  under  the  appropriation  for  fiscal  year  ending 
June  30, 1880.  For  nearly  the  whole  distance  the  river  was  divided 
into  two  channels,  the  one  to  the  west  being  the  main  channel,  and  the 
one  to  the  e.ast  called  Canton  Chute.  This  latter  carried  about  one- 
fourth  of  the  total  volume  of  water  in  the  river.  # 

The  work  proposed  by  Major  Farquhar  in  his  project  of  April  8, 1879, 
was  the  closing  of  Canton  Chute  near  its  head  by  a  dam  of  brush  and 
stone ;  the  closing  of  several  smaller  lateral  chutes  below,  which  di- 
verted considerable  water  from  the  main  channel ;  and  a  spur  dam  from 
above  the  head  of  Canton  Chute,  with  a  view  to  shifting  the  channel 
to  the  Canton  shore,  and  improving  the  steamboat  landings  at  that 
place.  It  was  thouglit  that  the  increased  volume  of  water  thus  turned 
into  the  main  channel  would  materially  benefit  the  stretch  of  river  above 
mentioned,  and  especially  improve  Wyaconda  Bar.  The  above  indi- 
cated project  was  approved  by  the  Chief  of  Engineers,  under  date  of 
May  12,  1879. 

Owing  to  the  small  amount  of  money  allotted  for  this  locality,  it  was 
decided  to  first  construct  only  the  Canton  and  Smoot  Chute  Dams,  and 
to  protect  from  abrasion  the  head  of  Island  No.  416.  The  work  was  ad- 
vertised, and  the  contract  awarded  to  S.  S.  Sample,  of  Keokuk,  Iowa, 
who  began  work  September  18,  1879,  and  finished  November  25. 

Canton  Chute  Dam  (No.  1,  sheet  66). — This  closing  dam  was  located 
about  700  feet  below  the  head  of  Island  No.  416,  is  1,095  feet  long,  with 
shore  protection  on  the  island  end  200  feet  in  length,  and  on  the  Illinois 
shore  80  feet.  The  crest  of  the  dam  was  raised  to  a  height  of  4  feet  above 
low-water.  About  150  feet  of  the  dam,  being  built  on  a  quicksand 
bottom,  settled  about  3  feet ;  and  this  gap  was  afterwards  filled  with 
rock  and  gravel.  Captain  Greene,  in  speaking  of  the  Canton  Chute 
Dam,  says : 

Near  one  end  of  the  darn  there  wa<)  some  troable  from  settling,  for  a  distance  of  150 
feet  or  more.  This  was  stopped  by  backing  up  with  gravel  for  a  distance  of  S  or  10 
feet.  The  bar  fpom  which  this  gravel  was  taken  is,  so  far  as  I  know,  the  only  bed  of 
pure  gravel  upon  this  section  of  the  riyer.  It  is  situated  just  at  the  entrance  to  Canton. 
Chate,  extonding  out  from  the  main  shore,  and  is  of  very  considerable  extent.  This 
gravel  will  be  valuable  in  works  of  improvement,  and  perhaps  still  more  so  if  placed 
on  the  country  roads.  Other  gravel  bars  in  this  vicinity  contain  an  excess  of  disinte- 
grated limestone  and  flint. 

Smoot  Chute  Dam  (No.  2,  sheet  66).— This  dam  is  370  feet  long,  with 
200  feet  shore  protection  at  each  end,  and  was  built  across  the  lateral 
cliute  between  Islands  No.  416  and  418.  It  was  brought  up  to  a  height 
of  2  feet  above  low-water  of  1864. 

Sfiare  protection  at  head  of  Island  JVo.  416  (No.  1,  sheet  66). — This  is 
about  1,000  feet  in  length,  extending  200  feet  down  the  chute,  and  800 
feet  along  the  western  side  of  the  island,  with  an  average  width  of  35 
feet. 
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/9»iiMikif3f  of  wori  at  (janton,  Mo.,  forfiioaX  year  ending  June  30, 1880. 


Deacription. 


Canton  ohnte  dam , 
Bmoot  obnte  dam. . 
Shore  protection . . 


Total 

Superintendence,  ofBoe  eipenaea,  &o. 


Total  expended. 


I 

3 


1.095 

870 

1.000 


i 
It 


It 

•si 


8 

• 


"■a 


It 


Ajnout 


I 


Oubiejfdt. 
3,422.01 
1,345.88 
1,  M8k  24 


2,278.41 

828.91 

1,028.48 


OuHeydt. 

256w43 


8,088.28 


4,134.80        258.43     10,042  78 


15,784  52 
2.106  4t 
2,172  71 


10. 730  a 


Mr.  W.  A.  Thompson,  inspector  at  Canton,  desen'es  credit  for  the^able 
and  zealous  performance  of  his  duties. 

n. — ^HANNIBAIi,  MISSOUBI. 

A  small  amount  of  dredging  was  done  here  by  special  direction  of  the 
Secretary  of  War.  This  furnished  temporary  relief  just  at  the  steamboat 
landing  and  the  trouble  will  recur  until  radical  changes  are  made  in  the 
river  in  this  vicinity.  A  report  on  this  subject  was  submitted  by  me 
January  17,  1880,  and  is  printed  in  Miscellaneous  Document  No.  24, 
Forty-sixth  Congress,  second  session. 

Summary  oftoork  at  MannibaJf  Mo,,  for  fecal  year  ending  June  20,  1880. 

Dpedging  3,845.85  onbio  yards  mad  and  sand,  at  20  cento |7G9  17 

Superintendence,  office  expenses,  &.c 53  34 


ni. — GILBEBT'S  ISLAND. 


822  51 


The  works  proposed  at  this  place  were  to  close  Gilbert's  Chute,  to  pro- 
tect the  Illinois  shore,  and  to  build  several  spur  dams  in  the  vicinity  of 
Gilbert's  Island  to  rectify  the  channel- of  the  river.  This  project  of 
Migor  Farquhar,  Corps  of  Engineers,  was  submitted  through  the  Chief 
of  Engineers  to  the  Board  of  Engineers  on  the  low-water  navigation  of 
the  Mississippi  Eiver,  and  approved  by  them,  as  follows : 

£o.uu>  Room,  Engineer  Office, 
Saint  Louie,  Mo,,  yovemher  15, 1878. 

Qenbral  :  «  *  *  The  Board  approres  of  the  building  of  the  closing  dam  in  Gil- 
bert's Chnte,  the  spnr  dam  from  rignt  bank  at  head  of  cnnte,  the  epnr  on  sand  bar 
from  left  baoik  above  Gilbert's  Island,  and  a  shore  protection  on  the  lUinots  shore 
wherever  it  may  be  found  necessary.  The  other  works  at  and  below  the  head  of  the 
island  to  be  bnilt  when  a  necessity  for  them  is  shown. 
Very  respectfully,  your  obedient  servant, 

J.  G.  Barnard, 
Colonel  of  Engineere  and  Bvt  Maj,  Oen,, 

Preeident  of  the  Board, 
Gen.  A.  A.  Humphreys, 

Chief  of  Engineere,  U,  S.  A, 

The  above  finding  of  the  Board  was  approved  by  the  Chief  of  En- 
gineers under  date  of  November  2^y  1878.  By  letter  from  the  Chief  of 
Engineers  dated  August  15, 1870,1  was  authorized  to  mi^e  such  changes 
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in  the  conduct  of  the  work  as  experience  should  dictate,  it  being  im- 
possible to  devise  plans  for  the  improvement  of  any  considerable  stretch 
of  river  which  could  be  rigidly  carried  out,  I  was  also  authorized  to  em- 
ploy dredging  as  an  auxiliary. 

The  contract  for  the  works  at  Gilbert's  Island  had  been  awarded  to 
W.  A.  McConnell,  of  Quincy,  HI.,  but  owing  to  his  failure  to  make  satis^ 
factory  progress,  it  was  taken  from  him  and  given  to  his  sureties,  who 
carried  on  the  work  until  the  latter  part  of  September,  when,  the  approx- 
imate quantities  having  been  furnished,  the  contract  was  closed.    Much 
annoyance  and  delay  resulted  from  the  failure  of  the  contractor  to  per- 
form his  contract,  and  subsequently  from  the  inefSciency  and  inexperi- 
ence of  the  sureties.    Early  in  October  the  work  was  taken  in  hand  by 
the  government  and  prosecuted  by  hired  labor  to  the  close  of  the  season. 
Gilbefi?s  Chute  Dam  (No.  6,  sheet  73).— This  is  1,775  feet  in  lengtii  and 
located  about  2,500  feet  below  head  of  Gilbert's  Island,  with  shore  pro- 
tections on  each  end.    The  greatest  depth  of  water  on  the  line  of  the 
dam  was  7  feet  below  low-water  of  1864,  and  the  average  depth  4.27  feet. 
The  construction  was  the  same  as  heretofore  adopt^.    As  originally 
designed  the  crest  of  this  dam  was  built  to  1  foot  below  low-water  of 
1864  in  the  center,  from  whence  it  gradually  rose  to  2  feet  above  low* 
water  at  Missouri  shore  and  3  feet  above  at  the  island  shore,  and  it  was 
completed  on  this  plan  on  June  17, 1879.    Subsequently  it  was  decided 
to  raise  it,  and  in  September  a  further  quantity  of  rock  and  gravel  was 
placed  on  it  bringing  the  elevation  throughout  to  a  height  of  2^  feet 
above  low- water. 

Dam  No,  5  (sheet  72). — A  wing  dam  was  commenced  beginning  at 
the  gravel  point  just  above  head  of  Gilbert's  Island  on  Missouri  shore 
and  extending  out  into  the  river  for  the  purpose  of  turning  the  current 
down  the  Cincinnati  side.  After  a  short  time,  however,  work  on  this 
dam  was  stopped,  other  points  appearing  to  require  more  immediate 
attention. 

UlinoU  shore  protection  (No.  1,  sheet  72,  Kos.  2  and  3,  sheet  73). — That 
part  of  the  Illinois  shore  requiring  protection  extends  from  a  point  op- 
posite head  of  Gilbert's  Island  to  dam  No.  3,  a  distance  of  13,000  feet. 
A  portion  of  this  work  was  done  in  May  and  June.  1879,  some  1,050  feet 
of  bank  being  protected  at  that  time.  Later  in  tne  season  about  9,000 
additional  feet  of  shore  protection  were  built  at  such  places  as  it  was 
deemed  most  necessary. 

Gilberfs  Island  shore  protection  (No.  4,  sheet  73). — Some  1,000  feet  of 
bank  were  protected  at  the  lower  end  df  Gilbert's  Island.  At  this  place 
aud  on  a  part  of  the  lUinois  shore  work  piers  of  brush  and  stone  were 
coastracted  at  intervals  of  50  to  100  feet,  and  between  the  bank  was 
sloped  and  covered  with  gravel  extending  out  to  a  depth  of  from  5  to 
10  feet. 

Wingdam  Ifo.  4  (sheet  73). — This  dam  extends  out  from  the  Illinois 
Hfaore  opposite  foot  of  Island  No.  449;  was  begun  July  17,  and  finished 
August  2, 1879.  It  is  700  feet  in  length  with  shore  protection  100  feet 
ong  and  spur  at  outer  end  40  feet.  Crest  at  shore  end  2  feet  above 
ow- water,  at  outer  end  1  foot  below. 

Denmark  Island  Dam  (No.  7,  sbeet  73). — This  closing  dam  is  1,500  feet 
n  length ;  a  portion,  some  700  feet,  extends  across  a  sand  bar,  but  the 
-emaiuder  was  buUt  in  deep  water,  ranging  from  10  to  20  feet  below  low- 
rater.  In  the  deeper  portion  great  difficulty  was  experienced  in  sink- 
ag  mats  on  the  line.  This  dam  was  carried  to  an  average  height  of 
.t>out  6  feet  above  the  bottom. 
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Drift  Slough  Dam. — A  layer  of  brash  and  rock  was  placed  across  the 
head  of  Drift  Slongh  to  prevent  it  from  widening. 

Dredging. — From  an  examination  of  the  east  channel  in  Jnly,  1879,  it 
became  evident  that  a  good  channel  could  not  be  maintained  even  with 
the  increase  of  volume  attributable  to  the  Gilbert's  Chute  Dam,  and  ac- 
cordingly dredging  was  resorted  to  with  a  view  to  assist  the  operations 
of  the  dams  and  open  a  channel  for  boats,  but  the  water  falling  very 
rapidly  left  the  channel  in  very  bad  shape  and  much  trouble  was  ex- 
perienced. The  dredges  worked  with  indifferent  success,  the  sand  shift- 
ing very  rapidly  and  obliterating  in  great  part  the  results  of  their  labors. 
The  main  object  was  to  open  a  cut  along  the  Illinois  shore  from  the 
pocket  above  dam  No.  3  to  the  deep  water  below  dam  No.  4,  and  this 
was  finally  accomplished  after  many  interruptions,  but  in  a  short  time 
nearly  the  whole  cut  had  filled  up.  An  examination,  however,  made  in 
the  spring  of  1880.  shows  that  the  main  channel  now  follows  the  course 
of  this  cut  and  bias  fair  to  be  lasting  and  good. 

A  great  deal  of  time  was  spent  in  deepening  by  dredging  the  sqnare 
crossing  between  dams  2  and  3,  and  by  this  means  a  tolerable  channel 
was  kept  open  for  boats.  A  cut  was  also  made  along  Gilbert's  Island 
firom  above  dam  No.  2  to  a  point  some  distance  below,  but  this  afforded 
relief  for  a  short  time  only  as  it  soon  filled  up  again. 

Wing-dam  No.  2  (sheet  73). — Buns  out  from  the  east  side  of  Gilbert's 
Island,  starting  from  a  point  about  800  feet  above  the  square  crossing 
and  extends  700  feet  to  the  shoal  water  on  the  bar.  It  was  brought  up 
to  an  average  elevation  of  about  low-water  mark.  More  material  is  it- 
quired  to  complete  this  dam  and  give  its  crest  the  proper  elevation. 

Wing-dam  No.  1  (sheet  73). — Kuns  out  from  the  east  shore  of  Gilbert's 
Island  from  a  point  about  2,400  feet  above  No.  2  and  is  about  700  feet 
in  length,  extending  to  shoal  water  on  the  bar  opposite.  This  dam  u 
not  yet  completed. 

Wing-dam  No.  3  (sheet  73). — Was  begun  November  17  and  occupied 
a  part  of  the  working  force  until  the  termination  of  the  working  season^ 
December  10, 1879.  This  dam  runs  out  from  the  Blinois  shore  froui  a 
point  a  short  distance  below  the  square  crossing  some  1,200  feet^  and 
consists  of  2  layers  of  brush  covered  with  rock. 

Removal  of  portion  of  dam  No.  3. — ^A  survey  was  made  by  Inspector  0. 
N.  Chaffee  in  March,  1880,  for  the  purpose  of  ascertaining  what  changes 
had  occurred  since  the  previous  survey  of  July,  1879.  It  was  found 
that  the  best  channel  ran  down  the  Illinois  shore  over  dam  No.  3,  and 
past  the  end  of  dam  No.  4.  The  square  crossing  which  had  been  the 
channel  of  the  year  before  was  found  to  be  filling  up  and  it  was  accord- 
ingly determined  to  remove  a  portion  of  dam  No.  3  by  dredging,  in  order 
that  boats  might  pass  down  the  Illinois  shore  where  the  best  water 
existed.  Work  was  begun  on  April  5  and  completed  on  the  15tii,  some 
430  feet  of  the  dam  being  taken  out  and  the  material  chiefly  deposited 
on  dam  No.  4.  Dredging  was  done  with  dredge  and  outfit  hired  by  the 
day.  This  new  channel  is  straight  and  comparatively  d^p,  and  if  it 
can  be  maintained,  of  which  there  now  seems  to  be  no  reasonable  doubt, 
the  problem  of  the  improvement  of  this  locality  will  have  been  solved. 
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Summarjf  of  voorlc  at  Gilberfa  Island  from  its  oommenoememt  up  to  and  including  June  30, 1880. 


Description. 


GUbert's  Cbate  Dun 

Wing-dAm  Ko.  5 

niinoto  shore  piroteetkm 

Gilbert's  Islsod  shore  protectioii. 

Wing-dam  No.  4 

Denmark  IsUad  Dam 

Drift  Slouch  Dam 

Wing-dam  If o.  2 

Wing-dam  No.  1 

Win2-damKo.3 

Dredging 

Bemoring  part  of  dam  No.  8 


Total 

Snperintendence,  office  expenses,  itc. 


Total. 


Linear 
feet 


1,775 


10,050 

1,000 

700 
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200 

TOO 

700 
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Rock. 


Brash. 


OuMeydt. 
7,246 

020 
3,286 

300 
1,022 
8,040 

121 

864 
1,032 
1,400 


10,270 


Cubic  udi. 

3,881 

1,041 

1,803 

190 

1,582 

1,886 

115 

660 

067 

1.563 


13,687 


QrayeL 


Cfubieyds. 
1,382 


8,902 
500 


163 
721 


11,688 


Sand. 


OuHeydt. 


28,782 


l28,782 


Amonnl 


112,354  12 
1,834  96 
14,392  08 
1,220  04 
2,296  17 
6,630  46 
227  11 
1,702  28 
2,514  05 
3,250  84 
6,626  96 
1,296  76 


68,364  64 

3,764  98 


56,119  46 


Of  the  abore  amoont  the  sam  of  $11,724.20  was  expended  prior  to  Joly  1, 1879. 

I  take  pleasure  in  calling  attention  to  the  zealous  and  able  manner  in 
which  the  inspector,  Mr.  O.  N.  Chaffee,  has  carried  on  the  various  works 
in  the  vicinity  of  Gilbert's  Island  which  have  been  superintended  by 
him  from  the  beginning. 

IV. — SLIM  ISLAND. 

The  works  proposed  for  the  locality,  which  are  included  in  the  project  for 
the  improvement  of  the  river  from  just  below  Glarksville,  Mo.,  to  Ham- 
burg, ni.,  a  distance  of  14  miles,  consist  in  closing  several  side  channels 
of  the  river,  to  confine  all  the  water  in  one  channel,  and  of  spur-dams  to 
contract  the  water-way  and  direct  the  currents.  The  original  project  of 
Major  Farquhar  received  the  indorsement  of  the  ^^  Board  of  Engineers  on 
low- water  navigation  of  the  Mississippi  Eiver"  November  15, 1878,  and 
the  approval  of  the  Chief  of  Engineers  November  26.  After  due  ad- 
vertisement the  contract  for  the  works  at  Slim  Island  was  awarded  to 
Fniin  &  Co.,  of  Saint  Louis,  who  pushed  their  work  energetically  and 
satisfactorily  to  the  government. 

Carroll  Chute  Dam  (No.  1,  sheet  77). — ^Work  was  begun  on  this  dam 
April  15, 1879,  and  it  was  completed  in  the  latter  part  of  September. 
It  is  678  feet  in  length,  and  was  built  to  a  height  of  2  feet  above  low- 
water.  An  examination  of  the  dam  made  this  spring  shows  that  it  has 
sunk  about  3  feet  evenly  along  its  length. 

Slim  Island  shore  protection  (No.  1,  sheet  77). — ^This  work  was  begun 
May  13  and  completed  September  17, 1879,  during  which  time  2,966  feet 
of  caving  bank  were  protected  from  abrasion,  beginning  at  the  head  of 
the  island  and  extending  down  its  eastern  shore.  It  is  now  in  excellent 
condition. 

Coon  Island  Dam  (No.  2,  sheet  77). — ^This  dam  is  428  feet  long,  with 
shore  protection  at  each  end  of  100  feet.  The  crest  of  the  dam  was  car- 
ried to  a  height  of  1  foot  above  low- water.  Work  was  begun  June  2 
and  finished  June  13, 1879.    This  dam  has  settled  but  slightly. 

Orime^s  Island  Dam  (No.  3,  sheet  77). — ^This  dam  is  1,204  feet  long, 
witli  100  feet  shore  protections.  The  greater  part  of  the  dam  is  on  a 
sand-bar,  which  is  dry  at  low-water,  and  it  was  built  to  prevent  the  chan- 
nel from  cutting  through  this  bar.  Commenced  June  13  and  finished 
July  14, 1879.    The  dam  remains  in  excellent  condition. 
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8pwr'd4Min  above  head  of  Slim  Island  (No.  4,  sheet  77). — This  dam  is  IQ^ 
feet  long,  with  100  feet  shore  protection  and  200  feet  T-head  at  onter 
end.  It  was  built  to  a  height  of  1  foot  above  low-water,  was  began  Jaly 
14  and  completed  August  6, 1879,  and  is  now  in  excellent  condition. 

SUm  Island  Chute  Bam  (No.  5,  sheet  77). — ^This  dam  closes  Slim  Island 
Chute,  and  is  504  feet  in  length,  with  shore  protections  of  100  feet  at  each 
end.    Greatest  depth  at  low- water,  7  feet.    It  was  carried  to  a  height  ot ' 
2  feet  above  low- water,  and  was  completed  September  16. 1879.    The 
^Lamination  of  this  spring  shows  that  it  has  settled  about  o  feet. 

Shore  protection^  head-  of  CarroWs  Island  (No.  2,  sheet  77). — ^This  pro- 
tection is  300  feet  in  length,  extending  from  the  head  of  the  island  down 
the  western  shore.  Begun  September  13  and  finished  September  26, 
1879.    It  is  now  in  exceUent  condition. 

Shore  protection^  foot  of  Orimet^s  Island  (No.  3,  sheet  78). — This  work 
extends  from  foot  of  Grimes's  Island  up-stream  690  feet.  Begun  Septem- 
ber 29,  finished  October  6,  1879,  and  is  now  in  very  good  condition. 

Illinois  shore  protection  (No.  4,  sheet  77). — Some  1,500  feet  of  bank 
were  protected  on  the  Illinois  shore  opposite  Grimes's  Island,  the  work 
being  done  between  October  6  and  October  20, 1879.  It  is  now  in  fine 
condition. 

As  the  result  of  the  works  in  the  vicinity  of  Slim  Island,  we  note  great 
improvement  in  the  Carroll's  Island  crossing,  the  first  two  crossings  be- 
low head  of  Slim  Island,  and  the  crossing  at  foot  of  Slim  Island,  and  as 
these  were  formerly  the  worst  obstructions  in  that  part  of  the  river  in 
eluded  in  the  scope  of  the  works  already  constructed,  our  labors  may  be 
said  to  have  been  reasonably  successful 

To  the  inspector,  Mr.  J.  H.  Morrison,  who  has  superintended  the  worka 
in  vicinity  of  Slim  Island  from  their  commencement,  great  credit  is  due 
for  the  intelligent  and  zealous  discharge  of  his  duties. 

Smmmary  of  work  at  Slim  Ulandfrom  0$  commenoement  up  to  and  inoludmg  June  30, 1880. 


Description. 


Carroll  Chute  Bam 
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755  « 
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3.404  42 


33.578  43 
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Of  the  aboTe  amount  the  sum  of  $13,319.60  was  expended  prior  to  July  1, 1879. 

I  append  the  following  memoranda  of  Capt.  B.  D.  Greene,  Ck>rp8  of 
Engineers,  in  reference  to  works  of  improvement  on  Upper  Mississippi 
Eiver,  &c. : 

MEMOBANDUM. 

I.  The  closing  of  chutes  and  confining  the  river  to  a  single  channel  is  of  the  first 
importance,  bnt  this  should  not  be  done  onless  there  is  money  sufficient  to  protect  the 
banks  at  the  same  time. 
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The  construction  of  wing-dams  near  the  upper  side  of  sahd-bars  to  hold  the  sand 
in  the  eddy  below  is  important  both  in  retaining  the  sand  and  rendering  the  channel 
permanent. 

It  is  not  necesHary  or  desirable  to  hold  or  force  the  river  to  a  uniform  width  of  chan- 
nel, or  to  endeavor  to  straigheu  it  or  give  it  an  easy  curve. 

METHODS  OF   CONSTRUCTION. 

II.  Some  modifications  must  be  made  in  present  construction  of  dams  and  shore 
protection.  With  any  considerable  amount  of  money,  the  quantity  of  brush  accessi- 
ble will  not  be  sufficient  to  make  any  calculations  upon  its'  use.  The  main  dependence 
must  be  placed  upon  rock  ;  when  gravel  can  be  found,  rock  and  gravel  will  do  well. 
In  closing  a  chuto,  if  the  water  is  15  or  20  feet  deep,  I  believe  rocK  alone  would  not 
settle  much.  It  might  need  a  little  brush  or  gravel  at  the  angles  at  ends.  In  shoaler 
water  the  sand  is  less  firm  and  a  dam  of  rock  alone  would  probably  sink.  Gravel  foun- 
dation would  do  with  gravel  backing.  If  gravel  cannot  bo  had,  perhaps  an  apron  and 
even  a  whole  foundation  can  be  made  of  poles  5  to  8  inches  in  diameter,  covered  with 
boards  with  intervals  of  2  to  4  inches.  It  is  not  necessary  that  mats  for  shore  protec- 
tion should  be  1  foot  thick ;  large  willows  30  to  40  feet  lou^  can  be  made  into  rafts^ 
and  used  instead  of  mats  along  the  shore  where  the  current  is  usually  gentle  and  they* 
can  be  sunk. 

III.  The  way  to  do  this  kind  of  work  is  bj'  hired  labor,  for  two  reasons :  1st.  If  done 
by  contract  the  economical  conditions  are  irequeutly  not  the  same  for  the  government 
and  for  the  contractor;  therefore  the  latter  must  allow  a  wide  margin,  which  greatly 
increases  the  cost  of  the  whole  work.  For  example :  while  at  work  upon  a  dam  a 
bank  is  discovered  to  be  cutting  seriously  a  mile  or  two  below.  It  may  bo  for  the 
interest  of  the  government  to  change  work  to  that  point  without  delav  ;  this  may  be 
attended  with  considerable  additional  expense  to  the  contractor,  or  tlie  construction 
may  have  to  be  unusual,  or  only  temporary  ;  and  for  all  these  variations  the  govern- 
ment must  not  only  pay,  but  pay  also  for  the  chance  that  they  may  occur,  because  no 
prudent  contractor  would  fail  to  consider  this  matter  well. 

2d.  As  no  contractor  can  be  certain  of  more  than  the  one  work  he  has  in  hand,  he 
does  not  feel  able  to  get  a  suitable  plant,  and  attempts  to  get  along  cheaply,  thereby 
causing  the  work  to  drag,  even  if  it  does  not  fail  altogether. 

I  believe  the  advantages  the  government  would  have  in  these  two  points  would 
more  than  balance  the  disadvantages  under  which  public  works  are  usually  conducted 
by  the  public  itself. 

IV.  Work  will  generally  be  done  upon  parts  of  the  river,  such  that  an  outlay  of 
$50,000  at  least  will  be  required  in  a  season.  In  quartering  men  a  quarter-boat  will 
be  better  than  putting  men  in  tents;  the  advantages  are, liealth,  convenience,  com- 
fort, and  economy. 

The  outfit  for  one  of  these  works  should  consist  of  one  steamboat  and  six  or  eight 
barges,  one  quarter-boat  for  men,  one  for  overseer,  and  from  four  to  six  small  boats, 
with  proper  outfit  of  lines,  tools,  &c.  In  most  places  where  work  will  first  be  done 
the  rock  nmst  be  brought  several  miles. 

It  is  therefore  desirable  that  barges  should  go  in  pairs,  both  for  economy  and  con- 
venience of  handling.    In  building  dams  probably  no  better  way  of  handling  rock  than, 
the  one  now  in  praccice  is  to  be  desired,  but  in  putting  rock  on  shore  it  would  seem 
that  a  derrick  might  be  used  to  advantage. 

SUMMARY  FOR   FISCAL   YEAR  ENDING  JUNE  30,    1880. 

Improvements  at  Canton,  Mo ||10, 739  38 

Improvements  at  Hannibal,  Mo 822  51 

Improvements  at  Gil]t>ert's  Island 44,395  26 

Improvements  at  Slim  Island 24, 643  49 

Maps  and  surveys 2,090  54 

Total  expended 82.691  18 

Five  hundred  thousaiid  dollars  could  be  well  spent  every  year  on  this 
division  of  the  river  until  the  work  of  improvement  is  completed,  and 
such  a  sum  would  be  more  economical  than  smaller  ones,  for  obvious . 
reasons. 

For  reasons  stilted  above  in  report  on  "Improvement  Mississippi 
River,  Saint  Paul  to  Des  Moines  llapids,''  I  would  also  respectfully  re- 
quest that  a  dredge  and  outfit  may  be  procured  for  use  on  this  division 
of  the  river  at  a  cost  not  to  exceed  $15,000. 
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roposed  during  tbe  preaent  season,  witli  the  amount  now  avail- 
lontinne  the  works  at  Canton,  Gilbert's  Island,  and  Slim  Island, 
angurate  improvements  at  Gregory's  Bar  and  Westport  Chntc, 
L  other  points  as  maj  prove  most  troublesome  dnriDg  the  com- 
vater. 

OF    APPROPHIATIOXe    FOR    IMPROVEMENTS    MISSISSIPPI    RIVER    FROM    DtA 
MOINES  RAPIDS  TO  ILLINOIS  RIVER. 

iToveilJnne  18,  1PT8 $100,000 

iroveit  March  3,  1W9 40,000 

irovnlJuDe  U,  I8S« 100,  OOV 

WO,  OOP 
Money  statemeni. 

HettI  of  MUiiiHiippi  Eirer  frott  Den  ifoinn  Jtapidt  lo  iiio»lk  of  Okio  Birrr. 

'9,  BinoDiit  available |45,23C  fif 

W,  amoDDt  expended  daring  ilacal  frar 45, 23fi  61^ 

III  of  Mi>»i»ipj>i   Rirer /mm  Iha  ifoina  Sapidt  to  mOMlA  of  HUnoii   Him. 

r9,  HiuoDnt  avnilablo $40,000  00 

ppropriated  by  ai-t  approved  June  14,  ll^^O 100,000  00 

$140,  000  r» 

:0,  amount  expended  during  fiscal  year .......   ..       :I7,  454  ii 

?0,  amonut  available 103,  &4o  4- 

lat  can  be  profitably  expended  in  Gseat  year  ending  June  30, 1^2.     50U,  000  <v 


f  propoaaU  rtcrirtd  and  opened  Oiia  27th  day  of  Auguil,  19T9,  bj/  Capl.  A.  J/«- 
'orpt  of  EngineerK,  U.  S.  J.,  for  building  dam>  a»d  tkore protectiona  of  brH*A  a*i 
the  Mianiiaippi  Hirer,  at  Canton  Chute,  near  Canton,  Mo. 


»«.j;.^. 

i.m  eublo  larda 

bnuh. 

Per  CQblr 

A.™.. 

Per  cubic 

An.™... 

'.  Ueuke  ud  Jobn  H.  Bitler,  QuIdo;. 

1  30 
1  M 

•lt.MD 
7.800 

;:S! 

7,5S0 
8,540 

3,IU 

3,a>a 

United  States  Exgineer  Office, 

Rock  Island,  III,  July  —,  1880. 
HAL :  I  have  tbe  honor  to  present  as  an  appendix  U>  my  annutC 
final  report  on  a  continuous  survey  of  the  Upper  Mississippi 
■om  Saint  Paul,  Minn.,  to  the  mouth  of  the  UlinoiB,  made  under 
I  of  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  in  1878  and  1879. 
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AUTHORITY  FOR  THB  SURVEY. 

The  act  approved  June  18, 1878,  made  an  appropriation  for  the  im- 
provement of  the  Upper  Mississippi  River  both  above  and  below  the 
Des  Moines  Hapids. 

The  officer  in  charge  wrote  the  letters  from  which  the  following  ex- 
tracts are  taken : 

[Extract.] 

United  States  Engineer  Office, 

Hock  Island,  IlL,  June  28,  1878. 

General:  *  *  *  No  complete  or  connected  survey  of  this  part  of  the  river 
Saint  Panl  to  Des  Moines  Rapids)  has  ever  been  made,  and  such  a  survey  is  abso- 
lutely necessary  for  a  proper  study  of  the  river.  Using  the  partial  surveys  already 
made,  a  connected  survey  can  be  made  for  $30,000.  This  would  enable  me  to  put 
three  parties  into  the  field,  and  would  much  facilitate  the  construction  of  the  proposed 
work  mentioned  below.     •     •    • 

F.  U.  Farqchar, 
Major  of  Engineers. 
Chief  of  Engineers,  U.  S.  A. 

[Extract.] 

United  States  Engineer  Office, 

Bock  Island,  III,,  July  1,  1878. 

General:  •  •  *  No  surveys  have  been  made  of  the  Mississippi  River  between 
the  Des  Moines  Rapids  and  the  mouth  of  the  Illinois  on  which  any  project  for  works 
of  improvement  can  be  based.  Last  year  examinations  of  the  worst  bars  were  made, 
but  the  examinations  were  not  detailed  nor  extensive  enough,  and  before  any  works 
are  constructed  surveys  must  be  made.  I  propose  sending  two  parties  opt  to  make 
such  surveys  at  once,  and  then  complete  a  good  survey  of  the  river  from  Keokuk  to 
the  month  of  the  Illinois  River.  Such  surveys  can  be  made  during  the  present  season 
by  two  parties  and  will  cost  about  $30,000. 

F.  U.  Farquhar, 
Major  of  Engineers, 

Chief  of  Engineers,  U.  S.  A. 

The  project  for  surveys,  dated  June  28^  as  also  the  project  dated 
July  1,  were  approved  by  the  Chief  of  Engineers  under  date  of  July  8, 
1878. 

The  organization  of  a  special  party  (No.  .6)  for  a  more  minute  survey 
of  a  limited  portion  of  the  river  was  authorized  by  the  following  letter: 

[Extract.] 

Office  of  the  Chief  of  Engineers, 

Washington,  D.  C,  Sepimher  14,  1878. 

Sir  :  Your  letter  of  the  9tb  instant,  reporting  that  you  have  selected  the  portion  of 
the  Mississippi  River  between  Burlington,  Iowa,  and  Fort  Madison,  Iowa,  for  the  ob- 
servations required  by  the  Board  of  Engineers,  constituted  by  S.  O.  71,  current  series, 
to  report  upon  improvement  of  the  low-water  navigation  of  the  Mississippi  River, 
ArO,,  has  been  received.  To  enable  yon  to  carry  on  uie  observations  proposed  by  the 
Board,  yon  are  authorized  to  employ    •    •    •    ,  &c. 

John  G.  Parke, 

Major  of  Engineers, 
Maj.  F.  U.  Farquhar, 

Corps  of  Engineers, 

PREVIOUS  SURVEYS. 

The  surveys  that  had  been  previously  made  on  the  Upper  Mississippi 
River  were  surveys  of  General  G.  K.  Warren,  1866-1869,Jof  detached 
localities  principally  above  Winona  Minn.,  and  surveys  of  detached 
localities  made  by  Col.  J.  N.  Macomb,  1874-'75,  under  the  appropriation 
for  "  Transportation  routes  to  the  seaboard." 
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The  great  changes  in  the  channel  of  the  river  that  had  occurred  sub- 
sequent to  these  surveys,  and  the  want  of  continuity  of  the  surveys 
themselves,  made  them  of  little  use  for  planning  and  estimating  the 
immediate  work  to  be  done  for  the  improvement  of  particular  localities, 
except  as  furnishing  valuable  data  for  studying  changes  in  the  river  bed. 
It  was  thought  best,  therefore,  to  make  a  continuous  survey  from  Saint 
Paul  to  the  mouth  of  the  Illinois  excepting  only  the  Des  Moines  and 
Eock  Island  Eapids,  where  there  were  already  very  thorough  hydro- 
graphic  surveys  completed  for  the  purposes  of  the  improvement  at  those 
places. 

APPORTIONMENT   OF   THE   WORK. 

There  were  originally  contemplated  five  parties,  three  for  the  division 
above  Des  Moines  Rapids  and  two  for  that  below ;  but,  owing  to  the 
lateness  of  the  season  when  work  was  begun  and  a  desire  to  finish  it 
before  winter,  it  was  found  necessary  to  add  several  sub-parties. 

Party  No,  1,  Assistant  F.  Terry  in  charge,  was  at  first  intended  to  work 
between  Hastings,  Minn.,  and  Lynxville,  Wis.,  using  the  surveys  of 
General  Warren  and  Colonel  Macomb  when  possible.  It  was  found, 
however,  that  even  with  this  assistance  the  district  was  too  long  to  be 
covered  during  the  remainder  of  the  season,  and  a  part  of  the  field  work 
was  therefore  performed  during  the  spring  of  1879. 

Examination  of  tliat  portion  of  the  river  above  Hastings  also  made 
it  evident  that  to  plan  a  system  of  improvements  suitable  to  its  present 
condition  a  new  survey  would  be  necessary,  and  it  was  accordingly  made 
in  June,  1879,  by  a  party  under  Assistant  Engineer  J.  L.  Gillespie. 

Party  Xo.  2,  under  Assistant  F.  W.  Lehnartz,  operated  between  Lynx 
ville,  Wis.,  and  Savanna,  111.  This  district  was  also  found  to  be  too  loDg 
to  be  covered  in  the  time  allotted,  and  two  sub-parties  were  added,  one 
survey,  under  Assistant  Max.  E.  Schmidt,  running  from  Bellevue,  Iowa, 
to  Golden's  wood-yard,  and  the  other,  from  Sand  Prairie  to  Savanna, 
was  made  by  Assistant  C.  W.  Durham  with  the  crew  of  the  Uuitetl 
States  steamer  Montana. 

Party  No.  3,  under  Assistant  J.  P.  Allen,  operated  between  Savanna 
and  Slater's  wood-yard,  7  miles  al>ove  Burlington,  Iowa. 

Special  party  No,  6,  under  Assistant  G.  A.  MaiT,  worked  from  Slater's 
wood-yard  to  the  head  of  Des  Moines  Rapids.  To  this  party  was  given 
a  shorter  section  of  river  than  to  the  others,  that  it  might  make  a  mon? 
perfect  and  detailed  survey  for  purposes  of  study,  and  to  it  was  assigned 
the  duty  of  procuring  information  required  by  the  Board  of  Engineers 
oonstituted  by  Special  Ortlers  No.  71, 1878  (see  letter  above),  on  low- water 
navigation  of  the  Mississippi  and  Missouri  rivers.  A  special  reiK>rt  on 
the  work  of  this  party  was  made  to  General  Z.  B.  Tower,  senior  officer  of 
the  Board,  under  date  of  February  5,  1880. 

Party  No,  4,  under  Assistant  Henry  Custer,  operated  l>etween  Keokuk, 
Iowa,  and  Hannibal,  Mo. 

Subparty  No,  7,  under  Assistant  J.  H.  Morrison,  operated  between 
Hannibal  and  the  foot  of  Clarksville  Island. 

Party  No,  5,  under  Assistant  F.  A.  Churchill,  from  foot  of  Clarksville 

Island  to  the  mouth  of  the  Illinois  Kiver. 

» 

METHODS   OF   SURVEY. 

Transit  lines, — Transit  lines  were  run  in  lengths  of  from  15  to  20  mlies 
from  one  azimuth  station  to  another,  at  which  stations  observations  of 
Polaris  were  made  for  checking  the  azimuth.    They  followed  the  easiest 
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^und,  usually  the  railroad  or  a  common  road,  or,  in  default  of  these. 
<me  bank  of  the  river.  Distances  on  this  line  were  carefdlly  ohainea 
aad  topography  sketched. 

Stadia  line8^^--^tadm  lines  followed  the  river  bank,  locating  points  for 
topography,  and  also  the  sounding  stations  built  in  advance  by  a  special 
party  of  two  or  three  men  in  a  skiff. 

At  intervals  this  stadia  line  was  connected  with  the  transit  line  so  as 
to  check  it  for  distance  and  azimuth. 

In  some  cases  (notably  party  No.  1)  instead  of  a  transit  line  a  system 
of  triangulation  was  used  with  very  good  results.  All  important 
branches  of  the  stream  were  surveyed  with  stadia  as  well  as  the  main 
river,  but  it  was  found  impossible  within  the  limits  of  the  funds  allotted 
and  time  at  disposal  to  make  a  survey  extending  from  bluff  to  bluff  or 
of  the  entire  river  bottom. 

Level  line8» — Level  lines  were  run  along  the  river  bank,  with  bench 
marks  at  frequent  intervals  and  numerous  determinations  of  the  water 
surface  (every  1,000  feet).  A  check  line  of  levels  was  also  run  connect- 
ing the  benches. 

At  all  towns  and  steamboat  -landings  benches  had  been  established 
and  extreme  low-water  determined  during  low-water  of  1877.  These 
benches  were  leveled  in  and  a  low-water  line  obtained  a«  shown  in  Plate 
II.  Frequent  water  gauges  were  established  and  the  water  surface  re- 
corded daily  during  the  time  of  survey.  Each  party  started  its  levels 
from  an  assumed  datum  which  was  afterwards  reduced  on  a  general 
proiile  of  the  river  to  elevations  above  sea  level.  These  last  are  figured 
from  the  recent  determination  of  altitude  of  Lake  Superior  by  the  lake 
survey  and  determination  of  low- water  at  Saint  Paul  by  Henry  Gannett, 
of  United  States  Geological  Survey.  A  list  of  the  permanent  bench 
marks,  with  de.8criptions  of  the  same,  is  included  in  this  rex>ort,  giving 
elevations  of  bench  marks  and  low- water  above  sea  level. 

Extreme  low-water  is  0.75  foot  below  low- water  of  1877,  as  determined 
at  each  bench  mark  during  the  very  low- water  of  that  season.  In  that 
year  an  unusual  low-water  occurred  (the  lowest  since  1864)  and  was  of 
six  weeks^  duration,  extending  over  the  whole  upper  river,  and  giving  a 
remarkably  good  opportunity  for  determining  the  low- water  elevation  at 
each  place.  The  plane  of  low- water  then  determined  agrees  with  the 
low-water  of  1864  recorded  at  liock  Island  and  Keokuk,  the  only  two 
places  where  low-water  of  1864  was  reliably  recorded.  At  Winona  and 
La  Crosse  Bridges,  gauges  set  to  the  above  determination  of  low-water 
of  1864  agreed  closely  with  gauges  previously  set  by  the  bridge  engi- 
neers from  alleged  extreme  low-water  marks,  and  the  inference  is  that 
the  gauges  and  low-water  line  are  quite  correct.    (See  profile  sheet.) 

During  1879  a  large  number  of  gauges  were  read  at  various  x>oints 
along^  the  river,  and  these  have  been  platted  for  more  convenient  study 
of  the  differences  of  ranges  of  water  surface,  &;c.  (See  sheet  of  gauge- 
readings.) 

Extreme  low-water  occurring  during  the  winter  or  from  ice  gorges 
has  not  been  considered  in  determining  the  low-water  line  as  not  influ- 
encing navigation. 

Soundinff. — The  sounding  was  done  either  with  steam  launch  or  row- 
boat)  the  latter  propelled  by  i)wo  oarsmen ;  usually  the  assistant  in  charge 
of  the  party  aocompanied  the  sounding  party.  The  party  consisted  of  l£e 
sounder,  two  oarsmen  (or  pilot  and  engineer  of  steam  launch),  recorder, 
and  steersman.  The  sounder  was  famished  with  a  pole  marked  in  feet 
and  tenths  (burned  in),  and  from  12  to  20  feet  in  length,  and  with  a  light 
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cotton  rope  having  a  loop  on  tbe  end  to  pass  around  the  sounder's  wrist 
This  cord  being  divided  into  feet  by  means  of  tags,  permitted  sounding 
to  a  greater  depth  than  the  length  of  the  pole.  Depths  greater  than 
the  length  of  the  pole  and  cord  combined  were  generally  recorded  as 
-^^  or  no  bottom  at  20  feet  where  20  feet  represents  such  combined 
length.  When  deemed  advisable  the  lead  was  used.  All  the  soundings 
were  made  by  time  intervals,  except  in  special  cases  where  the  sextant 
was  used  to  give  additional  accuracy',  or  a  stadia  rod  on  the  boat  was 
read  at  intervals  from  an  instrument  on  shore.  The  assistant  engineer 
in  charge  kept  the  sounding  record.  The  sounding  stations  were  built 
by  a  i»arty  in  advance  of  the  stadia  work.  They  worked  down  stream, 
and  two  men  with  a  skift*  on  the  river  above  Hastings  could  put  up  sta- 
tions avemgiug  400  feet  apart,  and  constructed  as  shown  in  Plate  I,  for 
about  4  miles  of  river  per  day.  The  sounding  stations  were  numbered 
from  1  to  10  in  series  on  each  side  of  the  river.  In  party  No.  I  tbe 
stations  were  marked  by  sticks  nailed  upon  trees  or  posts,  so  as  to  form 
lioman  numerals,  and  then  whitewashed,  a  method  much  employed  ou 
the  Lake  Survey.  They  were  well  adapted  to  the  Mississippi  River 
survey,  and  being  easily  found  and  quite  permanent,  they  are  partic 
ularly  useful  where  resurveys  are  contemplated.  The  stations  were 
placed  from  100  to  800  feet  apart,  the  average  being  about  400  feet,  but 
at  localities  where  closer  observations  were  required,  namely,  at  the 
difterent  channel  crossings,  they  average  about  200  feet  apart.  Besides 
the  sounding  stations,  Plate  1  also  shows  the  form  of  various  instru 
ments  used  on  this  survey,  which  were  found  in  practice  to  be  well 
adapted  to  the  work. 

Oaugings. — Frequent  gaugings  of  the  river  were  made,  and  the  meth 
ods  and  formuhe  of  Humphreys  and  Abbot  employed.    In  party  No.  t) 
special  accuracy  was  aimed  at,  and  a  description  of  the  work  is  furnished 
in  a  special  report  to  Col.  Z.  B.  Tower,  dated  February  5,  1830,  and  also 
in  an  appendix  accompanying  my  annual  report  for  1879-'80. 

The  gaugings  made  by  other  parties  were  more  or  less  approximate, 
and  the  less  rigorous  methods  of  Humphreys  and  Abbot  were  applied. 
Usually  a  base  of  200  feet  was  measured  along  the  river  bank  at  a  suit- 
able place,  and  three  parallel  lines  of  soundings  made  across  the  river 
l)erpendicular  to  the  axis  of  the  sti^eam. 

The  average  of  the  three  areas  obtained  was  considered  the  mean  area 
for  the  stage  at  which  the  soundings  and  gauging  were  made.  The  patb 
of  each  float  was  located  by  intersections,  a  theodolite  being  stationed 
at  some  distance  below  the  base  for  that  purpose.  These  paths  were 
l)latted  on  a  plan  of  the  gauging  section,  and  the  measured  mid-depth 
velocity  laid  down  to  scale  perpendicular  to  the  line  of  mean  section. 
Through  the  extremities  of  these  ordinates  a  line  w^as  drawn  by  means 
of  flexible  splines,  and  used  for  interpolating  10  mid-depth  velocities 
corresponding  to  10  sections  of  equal  length,  into  which  the  mean  sec- 
tion was  now  divided.  The  area  of  each  section  was  multiplied  by  the 
interpolated  mid-depth  velocity,  and  the  sum  of  all  the  10  multiplied  by 
0.95  gave  the  discharge.  Reductions  to  low-water  were  made  under  the 
assumption  that  S,  calculated  for  the  given  gauging  and  stage,  retained 
the  same  value  at  low- water.  The  new  area  of  mean  section  was  calcu 
lated  and  new  values  of  Y  and  Q  determined  (see  Plate  III).  The 
adopted  low- water  discharges  are  given  in  the  profile  sheet  at  various 
points,  together  with  the  drainage  areas  of  the  diiierent  tributaries. 
Plate  IV  gives  a  diagram  of  the  discharge  at  various  stages  as  meas- 
ured by  the  careful  methods  employed  at  Burlington. 


jii^^rcA^aJ. 


pXtjg  arw-/vb.-  s. 


from  SfBorwil  to  Grcfltorp.. 


TT'cvife/-  AWc 


4 
4 


:1004»<* 


X11><»«» 


V       , 


i 
'} 


7»£tAJ7nr2Vi0.' », 


STfhwjjr  to  Gralif^n. 


rf.d.JUH. 


I 
I 


• 


10. 


« 


LV^y^^-VCf./ir 


lO. 


f/4^n^i^* 


J*Z,JLTK.Jru  4. 


APPENDIX  S. 


1519 


LATITUDE  AND  LONGITUDE. 


Application  having  been  made  by  Major  Farquhar  to  Major  Comstock, 
superintendent  of  the  Lake  Survey,  the  positions  in  latitude  and  longi- 
tude of  the  following-named  points  were  furnished : 


Stations. 


Deacriptiou  of  reference  i)omt«. 


Latitude. 


Longitude  west 
fit)in  Green- 
wich. 


// 


If 


Galena,  111 


Ked  Wbi;;,  Minn. 
La  Croftse,  Wis  . . 
Rock  Island,  lU. . 


Burlington,  Iowa. 
Louisiana,  Mo — 


To  east  comer  Miner  Hhouae,  N.  l(P  52'  W  ,  164.7 
feet ;  to  east  comer  Frazer'a  houae,  K.  84*^  28'  I 
£.,  180.7  feet :  to  northeaat  comer  of  Method-  i 
iat  Episcopal  Church,  S.  54°  14'  W.,  338  feet ....  I    42    25 

Astronomical  post  northwest  comer  court-house  , 
yard '    44    33 

Spire  of  Catholic  church i 

In  court-house  square,  post  72'  10"  from  south- 
east comer  court-house,  40'  9"  from  southwest  , 
comerof jail 43    48 

Astronomical   post   on  Unit'ed  States   aisenal 
grounds I    41    31 

Southeast  comer  of  gnard-house 

Gas-pipe  ^  2,  Kock  Island  Rapids  improvement 
8ur\'ey i 

South  lliU,  public  square ,    40    48 

Astronomical  post,  ;iorthwest  comer  High  School  < 
yard i    39    27 

Northeast  comer  High  School  building 

Southeast  comer  of  brick  house  on  northwest 
corner  of  Noyles  and  Fourth  streets 


09.50 

44.16 
44.64 


50.1 

03.41 
01.51 

03.69 
22.04 

14.30 
12.  D4 

15.25 


90    25    52.05 

92    31    59.25 
49.66 


91    14    48 

90  33    40.10 

45.99 

40.39 

91  06    25.35 

91    03    06.30 
08.18 

07.42 


The  determinations  at  Eock  Island,  Red  Wing,  and  Louisiana,  were 
made  by  Lieut.  C.  F.  Powell  in  the  autumn  of  1878. 

(Sauging  measuremenU  on  the  Upper  Missmippif.by  the  Humphreys  and  Abbot  method  of 

mid-d4:ptn  floats. 


Locality. 


I 


Frenchman's  Bar  . . . 

Wabaaba 

Winona 

r>o 

rohnaonsport 

Below  mouth  of  Wis- 

conaln 

Lyona  

Princeton 

Rock  laland 

I>o 

Sarlington 

I>o 

^anton  

f  annibal 


1874  ' 

1878  I 
1878  I 
1880* 
1878  I 

1878  ! 
1878  ' 
1878  I 
1878 

ami 

1879 
1879 
1878 
1878 


5 
eft 


Feet. 
5.8 
3.5 
1.3 
8.1 
1.0 

0.96 
3.1 
1.1 
2.1 
18.4 
7.2 
0  7 
5.2 
1.5 


1 


5     I 

ts       I 


S 

h 


9 


^ 


Feet.    ,    Feet. 


1.500  , 
1, 476  I 
1.785  I 
1,  570  I 

1,237  I 
1,736 
2,087  ' 
2,444 
2.737  , 
2.406  i 
2,333 
2.339 
1,100 


1,502 
1,477 
1,788 
1,573 

1, 239 
1.737 
2,088 
2, 445 
2,740 
2,410 
2,:t35 
2,341 
1,102 


Sq.  ft.    Ft.  p.  tee. 


12,790 

8.651 

22,  331 

15,637 

16, 161 
23,227 
21,599 
19,109 
60,880 
34,791 
10,  749 
25,  571 
17, 086 


1.658 
1.856 
3.237 
1.553 


270 
615 
284 
586 
3456 
2.976 
1.  414 
2.403 
2.267 


el 


Ou.  ft.  p.  Me. 
20,091 
21, 212 
16,061 
72,298 
16, 473 

20,527 
37,  512 
27, 743 
30,313 
251,348 
103,536 
27,929 
61,445 
38,741 


9  as 


®5 


Cu.  ft.p.  iee. 
5,000 
10,000 
11.000 
11,000 
14,000 

17  000 
18,500 
19,000 
19,000 
19,000 
22,000 
22,000 
26,000 
30,000 


River  np  to  top  of  its  banks. 


t  Top  of  highestTwell-authenticated^flood. 
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List  of  permanent  bench  marks  from  Saint  Paul,  Minn.,  to  Gr<tfion,  lU, 

[Snrvey  of  1R78  and  1879.] 


a 


1 
2 
3 
4 

5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 

26 
27 

28 

29 

30 

31 

32 

33 

34 


I>e»criptiOD. 


On  down-stream  comer  of  inner  v^fse  of  copine  stone  of  abutment  at  east 

end  of  Chicaf(o,  Milwaukee  and  Saint  Paul  Railroad  Bridf^e  at  Saint  Paul. . 
On  extreme  upper  end  of  up-stream  nosing;  of  east  shore  pier  of  the  Wabasha 

Street  wagon  bridge.  Saint  Paul 

On  top  of  the  ring-bolt  in  rock  ledge.  16  feet  from  river  bank  and  50  feet  up 

stream  from  warehouse  at  Newport,  Minn 

On  top  of  top-stone  at  end  toward  the  river  of  rf^talninjg  wall  of  railroad 

culvert  over  Franklin  Cooley,  1  mile  lielow  Niuinger,  Mmn 

On  top  of  draw-pier  under  engine-house  on  downstream  side  of  Chicago, 

Milwaukee^  and  .Saint  Paul  iMilroad  Bridge  at  Hastings 

On  white  elm,  60  feet  from  left  bank  of  river  and  B.'H)  feet  altove  the  nppor 

spur-dam  from  the  left  bank,  at  Smith's  Bar,  5  miles  below  Prescott,  Wis. . 
On  elm,  100  feet  from  left  bank  of  river,  on  up-stream  side  of  rocky  point, 

2.800  feet  Iwlow  warehouse,  at  Diamond  Blutf,  Wih .' 

On  iron  pin  set  in  lar^e  foundation   Htone  under  up-stream  comer  towards 

river  of  city  freight  shed  at  Red  Wing.  Minn 

On  iron  spike  in  root  of  largest  cottouwo<»d  tree  on  the  beach  at  Waconta, 

Miim.,  100  f»*et  from  th»;  right  bank  and  oppoMit^  f<M»t  of  Island  No.  28 

On  downstream  ••omer  toward  river  of  stone  foundation  of  J.  B.  Wilson  & 

Co.H  (Knapp,  Stout  &.  Co.)  warehouse  at  Ree<r8  I^anding.  Minn 

On  first  pnnectini:  Mt«»ne  below  t1<M>r  level  at  up-stream  corner  towards  river 

of  II.  A'.  liolnieH  H  warehouse  at  Wabahlia.  Minn 

On  i»rojcctin^  .stone  of  foundation  at  up  nt ream  comer  of  river  front  of  M. 

Polio's  warehouHe  at  Alum 

On  up-stream  comer  toward  river  of  wo«Mlen  d«x»r  will  of  CNeil's  new  brick 

warehouse  at  Minueiska,  Minn 

On  top  of  fouudation-Mt^au*  at  lower  floor  level  at  down-Htream  comer  toward 

river  of  Uulfner  Bros.'  warehouse  at  Fountain  Citv,  Wis 

On  copner  bolt  set  in  atone,  7.')  feet  from  left  bank  of  river  at  Wild's  Land- 
ing, \V  is 

On  top  of  se«-(md  stej)  fix>m  uround  at  outer  comer  ne-xt  river  of  Centre 

street  entrance  of  Second  National  Bank,  Winona.  Minn 

On  ui»-sti*eam  comer  <»f  stone-work  under  wooden  door-sill  in  river  front  of 

Uaines  6i  Holmes's  warehouse,  Tremj»ealeau,  Wis 

On  down-stream  comer  of  top  stone  of  dowu-streaui  comer  of  railroad  cul- 
vert under  large  till  200  feel  from  river  and  125  feet  below  limekiln  in 

upper  part  of  Dresbach.  Minn 

On  extreme*  ui>-stream  front  of  (*ap-stone  of  first  pier  on  Minnesota  side  of 

Chicago,  Milwaukee  and  Saint  Paul  Railroad  Bridge  above  LaCrosse,  Wis. 
On  bottom  of  door-i»oHt  on  ui»-stream  side  of  lower  door  on  river  front  of 

Western  Pn»gress  building  at  Brownsville 

On  up-Htream  comer  of  dotir-sill,  seconti  floor,  river  front,  of  last  stone  build- 
ing down  stream  at  Bad  Axe.  Wis 

On  up-strtnim  comer  «»f  sill  of  door  next  river  on  ground  floor  of  Wilcox  St. 

Orrs  warehouse  at  Victory.  Wis  — 

On  southeast  comer  of  door-^sill  at  down-stream  comer  of  G.  Kemdt  &.  Bros.* 

warehouse  at  Lausing.  Iowa 

On  foundation-stone  at  up-stream  comer  of  river  front  at  floor  level  of 

Bright's  warehouse  at  Lynxville,  Wis 

On  southwest  comer  of  sUme  in  second  course  from  top  of  west  wing  of 

south  abutment  of  culvert,  400  feet  below  mouth  of  Paint  Creek,  at  Jobn- 

sonport,  Iowa 

On  southeast  comer  of  elevator  above  S.  McGregor,  Iowa .^ 

On  top  of  foundation-stone,  at  up-stream  comer  next  river,  of  platform  of  rail- 
road depot  at  Clayton,  Iowa 

On  river  side  of  door-step  on  up-stream  aide  of  Dr.  Griuter's  building  at 

Glen  Haven,  Wis 

On  top  of  foundation-stone  at  up-stream  comer  of  river  front  at  floor  level 

of  G.  Prior's  warehouse  at  Cassville,  Wis 

On  down-stream  comer  of  large  atone  door-step  of  Specht'a   honae,  at 

Specht'a  Ferry,  Iowa 

On  top  of  doii^'n-stream  ringbolt  in  fVont  of  A.  H.  Gibb'a  store  on  leree  at 

Dubuque  

On  northeast  comer  of  projecting  bottom  of  foundation-atone  at  northeast 

comer  of  J.  M.  Case's  nam  at  I^llevue,  Iowa 

On  nail  in  top  of  white-ash  atump  18  inches  high,  10  inches  diameter,  1,000 

feet  south  of  Golden's  house  at  Golden's  wooo-yard,  Iowa 

On  southeast  comer  of  door-sill  of  door  at  southeast  comer  of  first  floor  of 

engine-room  of  Racine  and  MU  wankee  elevator  at  Savanna,  111 


1 

a 
1 

1 

ft  i 

2i 

Feet 

Feet 

697.403 

678. 5W 

607.722 

678, 1« 

686.256 

672. 5L' 

687.612 

687.931 

'    m.:y 

673.194 

m.ii:^ 

672.281 

673.820 

657.  :> 

665.  257 

6.'Hi.4'< 

671.412 

'      6.Y.  >• 

667.  330 

$.'><  <i 

660.371 

mi'. 

659.827 

643.  !• 

649.561 

63T.  1* 

659.901 

655.842 

m^ 

63a  561 

(«i:« 

640.393 

es.^ 

043.  753 

1      GiVS^' 

629.253 

61i^< 

632.756 

1    fiia-.?* 

1 

620.  725 

efi8.«* 

619.866 

1      60i4fi 

622.044 

ML  76 

598.  453 
623.067 

., 
'.'.'.'.'.'.'.'. 

618.309 

5W.rf« 

61L850 

502.  i« 

612.906 

588.23* 

007.867 

583.1* 

59&923  { 

57&«8 

587.842 

571.125 

583.535 

MB.  171 

584.57<« 

565  .m 
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List  of  permanent  bench  marks  from  Saint  Paulj  tf*c. — Continued. 


•2 

a 

.a 

& 


Deacription. 


35 

38 
37 

38 

39 

40 

41 

42 

43 
44 

45 

46 
47 
48 
49 
50 
51 

52 

53 

54 
56 
50 

57 

58 


64  ( 
C5 


On  top  of  wat«r  table  at  southeast  cdmer  of  engine*room  of  elevator  at 

rulton,IU 

On  aontheast  comer  of  engine  bed  of  water- works  at  Clinton,  Iowa   

On  door-sill  in  front  of  south  Jamb  of  south  door  of  Harper's  old  store  at 

Albany,  111 .". 

On  center  of  stone  window-sill  in  foundation  on  north  side  of  Hyman's  ware- 
house at  Comanche,  Iowa 

On  comer  of  first  course  of  stone  above  foundation  in  front  of  west  jamb  of 

door  on  north  side  of  stone  warehouse  at  Conlova,  lU  

On  window-sill  of  south  window  in  foundation  ot  warehouse  on  northwest 

comer  of  Main  and  Cherry  streets  at  Port  Bvron,  111 

Zero  of  United  States  water  f;au|;e  on  Kock  Island  and  Davenport  bridee. . . 
On  northwest  comer  of  stone  tonndatiou  of  smoke-stack  of  saw-mifi  at 

BufiEalo,  Iowa , 

On  door-st'ep  of  post  oftic«  at  Fairport,  Iowa 

On  stone  bed  of  pump  cylinder  of  water-works  at  Muscatine,  Iowa 

On  southeast  corner  of  foundation  of  chimney  of  sawmill  at  Port  Louisa, 

Iowa 

On  ring-bolt  on  large  stone  at  southwest  comer  of  F.  C.  Bell's  warehouse, 

New  Boston 

On  stone  door-stop  of  west  door  in  Main  street  of  brick  building  at  north- 

west  comer  of  Main  and  Second  streets,  Keithsburg,  111 

On  west  side  of  raised  portion  of  door-step  of  Journal  printing-offlce, 

Oqnawka,  Iowa 

On  cross-cut  in  top  of  coping  on  north  side  of  east  abutment  of  railroad 

bridge,  Burlington,  Iowa 

On  head  of  railroad  spike  in  east  face  of  southeast  comer  of  stone  foonda* 

tion  ol  Union  warehouse  at  Fort  Madison,  Iowa 

On  cross-cut  in  top  of  stone  post  8  inches  square,  2  inches  above  ground, 

500  feet  below  water- tank  of  Chicago,  Burlington  and  Quincy  BailroAd  at 

Montrose,  Iowa,  Station  F  of  canal  survey 

On  spike  driven  in  wall  at  upper  end  ox^front  of  Brown's  warehouse  at 

Keokuk,  Iowa ;  high- water  ox  1851 


On  5  nails  driven  in  top  of  snubbing  post  near  southeast  comer  of  Cunning 


ham's  warehouse  at  Alezandriajl 

On  elm,  1,200  feet  below  mouth  of  Fox  River  at  Greflrory's  Landing,  Mo 

On  northeast  comer  Camegy's  warehouse,  Canton,  Mo 

On  top  of  eve-bolt  of  mooring-ring  at  southwest  corner  of  K.  N.  L.  Packet 

Company  s  warehouse.  La  Grange,  Mo ^ 

On  spike  on  northeast  comer  ot  abutment  at  west  end  of  railroad  bridge 

eleventh  Joint  from  top  of  parapet  at  Quincy,  111 

On  northeast  comer  of  top  of  abutment  at  Miasonxi  end  of  railroad  bridge 

at  Hannibal,  Mo         

On  pecan  tree  near  right  bank  of  river  opposite  head  of  Gilbert's  Island  — 
On  elm  tree  15  inches  diameter,  50  feet  xrom  right  bank  of  river,  1,000  feet 

above  Magee's  house  at  Mnndy 's  Landing,  Mo 

On  top  of  stone  foundation  at  southwest  comer  of  engine-room  of  Louisiana 

Lumber  Company's  mill  at  Louisiana,  Mo 

On  lower  southeast  comer  of  stone  door-sill  of  Vinegar  Factory  at  upper 

end  of  Clarksville,  Mo , 

Sigh  water-mark  on  upper  warehouse.  Falmouth,  Mo 

On  elm  tree,  24  inches  diameter,  on  rignt  bank  of  river  800  feet  below  lower 

bouse  at  Sterling,  Mo , 

On  5  nails  driven  m  top  of  snubbing  post,  51  feet  in  f^ont  of  Tanoe  &  Har- 
vey's store  at  Cap  Au  Gris,  Mo 

On  northeast  corner  of  northeast  comer-stone  of  first  derrick  foundation 

below  steamboat  landing,  Grafton,  HI , 


9 

I 


i 


Feet 

57&682 
57&838 

57&872 

560.844 

565.365 

570.436 
533.761 

546.064 
550.102 
540.904 

538.171 

533.016 

533.157 

527.507 

535.079 

516.356 

506.176 

493.082 

49L672 
470.556 
475.484 

478.470 

47L363 

475.337 
449.989 

449l009 

456.547 

446u997 
44L440 

43L446 

431.488 

415.188 


5 


FeeL 

559.740 
559.150 


556.530 
554.620 

'633.' 76i 

530.860 
526.730 
523.606 

510. 180 

617.630 

516.890 

500.820 

505.080 

49&557 

488.668 

472.330 

409.787 
466.805 
461.288 

458.179 

444.547 

439.062 

437.820 

430.070 

426.980 
417.640 

415. 740 

4n.040 

899.440 


96  £ 


1522     REPORT    OF    THE    CHIEF    OF    ENGINEERS,    U.    S.    ARMY. 
Drainage  areas  of  tributunes  of  the  Mississippi  above  the  Missouri  Biver. 


i 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

20 

27 

28 


Localities. 


— 

•SL 


c 


d 
'Jl 


Upper  Missisaippi  (above  the  Minnesota) 

Minnesota R. 

Saint  Croix  I  L. 

Trlmbelle,  Isabclle,  and  Rash L. 

Cannon R. 

C  tiipnewa L. 

Zumoro i  R. 

Whitewater  and  Indian  Creek R. 

Buffalo,  Eagle,  and  Trempealeau '  L. 


Black  and  La  Crosse 
Root 


Upper  Iowa 

Yefiow 

Wisconsin 

Turkey 

Galena 

Maquoketa 

Wapsipinicon 

Rock 

Iowa 

Edwards 

Henderson 

Skunk 

Des  Moines 

Fabins  (and  two  creeks) . 

Salt 

Cuivre  (and  two  creeks) . 
Xllinois 


Total  drainage  area,  square  miles . 


L. 
R. 
R. 
R. 
L. 
R. 
L. 
R. 
R. 
L. 
R. 
L. 
L. 
K 
R. 
R. 
K 
R. 
L. 


19,  WS 

12, 119 

7.1« 

3I> 

1,« 
9,S3t 

5!1 
1,45 

l.ffi) 

137; 

1,» 
l.» 
19 

ir 

4.73 

IX. « 

3.* 


Table  of  distances  by  low-water  channeU  high  and  low  water  elevations  above  the  sea,  tfi 

slopes f  from  Saint  Paul  to  mouth  of  Illinois  River, 


Locality. 


Saint  Paul  Bridge 

Newport 

Hastings 

Diamond  Bluff  . . . 

Red  Wing 

Waconta 

Reed's  Landing  . . 

Wabasha 

Alma 

Minneiska 

Fountain  City 

Winona 

Trempealeau 

Dresbach 

La  Crosse 

Brownsville 

Grenoa 

Victory 

Lansing 

Lynzvme 

Allamakee • 

Prairie  da  Chien  . 

Clayton 

Glen  Haven 

CaesTille 

Wanpeton 


d 
«> 

« 

► 

o  m 

-^ 

o  o 

d  Q* 


Miles. 


8.50 
18.50 
15w75 

9.50 

7.00 
24.50 

2.75 

9.00 
10.00 
11. 75 

7.50 
12.75 
10.50 

8.00 
10.00 
12.75 

8-25 
1L75 
12.50 

9.(>0 

e.17 
1L97 

e.10 
1L25 

7.10 


Miles. 


8.50 

27.00 

42.75 

52.25 

59.25 

83.75 

86.50 

95.50 

105.50 

117. 25 

124.75 

137.50 

148.00 

156.00 

166.00 

178.75 

187.00 

198.75 

211.25 

220.85 

227.02 

238.99 

245.09 

256.34 

263.44 


is 

Is 

H 

h4 


Feet. 
67^00 
673.51 
663.75 
659.67 
657.75 
656.40 
656.30 
654.85 
649.48 
643.19 
637.41 
632.44 
627.10 
623.39 
62L23 
615.55 
610.28 
608.64 
605.49 
60L76 
598.50 
597.57 
594.67 
593.00 
588.24 
585.59 


a 


5 
B 

Is 

9  9 


0.528 
.627 
.258 
.202 
.138 
.000 
.527 
.597 
.629 
.491 
.663 
.419 
.346 
.280 
.560 
.447 
.490 
.260 
.286 
.333 
.168 
.239 
.273 
.390 
.425 


High-w%ter. 


§ 


1850 
1850 
1870 


1870 
1870 


1870 
1870 


1869 


1870 
1870 


1870 


1870 


1870 


I 

> 


FeeL 
697.72 
69L89 
682.51 


674.35 
670.29 


666.90 
662.10 


i- 


636.70  I 
631.  31 


632.04 


614  98 


12.05 
liC 


643. 07  I     1^  ^' 


2lX^^ 


20.31 


6W.'58;     20.34 
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Table  of  distances  by  low-icater  channel,  <rc. — Continued. 


Locality. 


a 
sa 


I 


WfJla'  Landing  . . 

Dnbaque 

Deadmnn's  Bax... 

Bellerue 

Golden'8 

Baranna 

fulton 
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Feet. 

Total  fall  Saint  Panl  to  Grafton 278. 56 

Average  fall  per  mile -• ; 424 

Tho  ijigh-water  of  Jane,  1880,  is  the  highest  known  in  the  Upper  Mississippi  River, 
hut  no  record  of  this  has  as  yet  been  made  except  at  Rock  Island.  A  map  of  the  Up- 
per Mississippi  River  from  Saint  Panl  to  the  mouth  of  the  Illinois  River  (excepting 
Dcs  Moines  Rapids),  in  83  sheets,  forms  a  part  of  this  report,  as  also :  1.  Profile  of  the 
Mississippi  River  from  Saint  Panl  to  Grafton.    2.  Sheet  of.platted  gau^e  readings. 

[Note. — ^The  sheets  above  mentioned  have  already  been  forwarded  in  installments 
to  the  Chief  of  Engineers.] 

l^pon  the  map  are  marked  all  instrument  stations,  bench  marks,  &c. 

The  soundings  and  water  surfaces  are  recorded  as  taken  with  the  dates  at  which 
they  ^were  observed. 

"So  reduction  to  low-water  is  made,  except  by  the  drawn  curves  of  3,  4i,  and  6  feet 
ielaxr  low- water  of  1864. 
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ISespectfully  submitted. 
4:;hief  op  Enqinebbs,  U.  S.  A. 


A.  Mackenzie, 
Captain  of  Enginceri 
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survey  and  examination  of  the  mississippi  river  between 

burlington,  iowa,  and  montrose,  iowa. 

United  States  Engineer  Office, 

Bock  Islandy  111,  July  — ,  1880. 

General  :  I  have  the  honor  to  present,  as  an  appendix  to  my  annnal 
report,  the  following  "report  upon  a  survey  and  examination  of  the  Mis- 
sissippi River  between  Burlington,  Iowa,  and  Montrose,  Iowa  (above  the 
mouth  of  the  Illinois  Eiver),  made  in  accordance  with  resolutions  of 
Board  of  Engineers,  on  improvement  of  low-water  navigation  of  Missis- 
sippi and  Missouri  Rivers.'' 

Instructions  from  the  Chief  of  Engineers,  dated  August  30, 1878,  as- 
signed to  Maj.  F,  U.  Farquhar,  Corps  of  Engineers,  the  surveys  and 
examinations  of  the  Mississippi  Eiver,  at  some  point  above  the  mouth  of 
the  Illinois  River,  desired  by  the  Board  of  Officers,  constituted  by  Special 
Order  Xo.  71,  series  of  1878,  Headquarters  Corps  of  Engineers,  to  take 
into  consideration  the  improvement  of  the  low-water  navigation  of  the 
Mississippi  and  Missouri  rivers. 

The  information  desired  by  this  Board  was  as  follows : 

1st.  Transit  survey  of  river  banks  and  water  lines  at  low  stages  with 
soundings  to  cover  the  entire  length  of  shoals  and  to  show  the  changes 
in  the  same^  the  character  of  bed  and  banks  to  be  carefully  noted.  Ka- 
merous  borings  should  be  made  on  the  banks  and  in  the  bed  to  deter- 
mine the  character  of  material,  and  carried  20  or  30  feet  below  the  hed, 
unless  rock  is  sooner  reached. 

A  line  of  levels  down  one  bank  in  connection  with  gauges  to  determine 
the  river  slope  at  various  points  and  various  stages.  Permanent  bench 
marks  and  reference  points,  which  will  be  safe  for  many  years,  shoald 
be  established. 

2d.  Determinations  of  cross-sections  at  shoalest  place  and  also  at  a 
deep-water  section  in  the  vicinity.  These  cross-sections  to  be  repeated 
for  every  5  feet  of  change  in  the  river  height  and  as  much  oftener  as 
practicable  during  one  year,  their  object  l^ing  to  determine  all  facts 
connected  with  the  motion  and  dimensions  of  sand  waves. 

3d.  Sediment  observations  at  the  surface  and  within  1  foot  of  thebot* 
tom,  to  be  continued  throughout  a  year  on  the  Mississippi  and  Missouri 
rivers,  at  distances  above  the  mouth  of  the  latter  sufficient  to  be  out  of 
reach  of  backwater,  also  at  Saint  Louis,  Columbus,  and  up  the  Ohio, 
Arkansas,  and  Bed  rivers.  These  observations  should  determine  not 
only  the  amount  of  the  sediment,  but  the  proportional  quantities  referred 
to  at  least  three  standard  sizes.  Discharge  observations  to  be  obtained 
when  practicable,  and  low- water  discharge  to  be  obtained  for  the  Miss- 
ouri, and  for  the  Mississippi,  at  Colonel  Farquhar's  Point,  Saint  Louis, 
Columbus,  Memphis,  and  Vicksburg. 

It  is  also  desirable  that  sediment,  cross-section,  and  discharge  obser- 
vations be  made  in  accordance  with  the  above  programme  on  the  Cum- 
berland, Tennessee,  White,  and  St.  Francis  rivers,  far  enough  above  their 
mouths  to  be  out  of  reach  of  backwater.  These,  however,  are  of  sec- 
ondary importance. 

A  portion  of  the  Mississippi  Eiver  between  Burlington  and  Montrose, 
and  extending  some  7  miles  above  Burlington  (total  length  42  miles)  was 
selected  for  survey  and  examination,  and  the  immediate  vicinity  of  Bur- 
lington was  chosen  for  special  observations.  The  survey  and  examina- 
tion, under  immediate  charge  of  Assistant  O.  A.  Marr,  was  commenced  in 
1878,  and  carrie«I  on  during  the  following  fall  and  winter,  and  the  spring' 
of  1879.  The  work  of  the  survey  consisted  in  a  triangulation,  transit, 
and  level  line,  the  entire  distance.    The  soundings  were  taken  with  suf- 
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ficient  detail  to  locate  the  bars  quite  accarately.  The  level  line  was 
connected  with  water  gauges  at  various  points,  and  readings  to  the  water 
surface  were  taken  once  in  a  thousand  feet.  Permanent  bench  marks 
were  established,  and  borings  were  made  at  several  points.  Four  bars 
in  the  vicinity  of  Burlington  were  selected  for  special  observations,  their 
outlines  and  sections  being  found  by  leveling.  The  results  of  the  survey 
and  examinations  have  been  platted  on  a  scale  of  1  inch  to  400  feet, 
and  are  shown  in  sheets  2,  3,  4,  5,  and  6.  Two  cross-sections  were  se- 
lected in  the  vicinity  of  Burlington  and  used  in  connection  with  gang- 
ings  of  the  river.  Gross-section  Ko.  1  was  sounded  3  times,  showing  a 
material  change  in  form,  as  was  expected  from  the  movement  of  a  sand- 
bar above  it. 

Cross-section  No.  2  was  sounded  twice,  with  an  interval  of  4  months 
and  i)  days,  and  shows  but  slight  changes.  Gross-sections  are  shown  on 
sheet  8.  These  sections  do  not  afiford  much  assistance  in  a  study  of  the 
movement  of  sand  waves  or  motion  of  sand-bars,  but  taken  in  connec- 
tion with  the  special  bars,  whose  changes  were  carefolly  noted,  as  shown 
on  sheet  2,  some  idea  can  be  formed  of  the  movement  of  the  particular 
bars  under  consideration. 

The  observations  made  during  the  progress  of  this  special  survey,  as 
well  as  information  obtained  from  work  on  the  upper  river,  and  from  the 
best  sources  now  obtainable,  indicate  that  each-bar,  being  composed  of 
varying  materials  and  influenced  by  different  circumstances,  has  a  rate 
of  motion  of  its  own,  these  rates  varying  from  10  to  1,000  feet  in  a  year's 
time.  The  hydrographic  survey  of  the  42  miles  of  river  from  Henderson 
Greek  to  Montrose  is  in  sufficient  detail  to  afford,  from  comparison  with 
future  surveys,  quite  an  accurate  estimate  of  the  general  movement  and 
changes  of  the  bars  included. 

Gaugings  of  the  river  were  made  for  each  change  of  1  foot  in  stage, 
7  being  taken  in  cross-section  Ko.  1,  and  5  on  cross-section  Ko.  2.  The 
results  of  gaugings  are  shown  on  sheet  11.  Cross-section  No.  2  re- 
mained comparatively  constant  during  the  entire  season,  and  the  gaug- 
ings taken  on  it  are  probably  entitled  to  more  weight  than  those  taken 
on  section  No.  1.  Sediment  observations  were  made  in  May  and  June, 
1379,  and  the  results  are  shown  on  sheet  12. 
The  following  sheets  form  a  part  of  this  report: 

f  Note. — Sheets  1, 2, 3, 4, 5, 6, 8, 9, 10,  are  not  attached  to  this  report.  Sheets  2  (ex- 
cepting borinj^  and  measarement  of  sand-bars),  3, 4,  and  5  fonn  a  part  of  general  sur- 
vey of  Mississippi  River  from  Saint  Paul  to  Grafton,  and  have  been  forwarded  with 
that  series.    Sheets  6, 8, 9, 10,  and  a  sheet  of  borings,  d^c,  are  forwarded  separately.] 

Sheet  1. — Index  map  of  survey. 

Sheets. — Map  No.  1  detailed  survey  of  Mississippi  River  from  7  miles  above  Burling- 
ton to  2  miles  below ;  shows  also  borings,  movement  of  sand-bars,  &,q. 

Sheet  3. — Map  No.  2,  detailed  siirvev  from  2  miles  below  Burlington  to  foot  of  island 
No.  382. 

Sheet  4.— Map  No.  3,  detailed  survey  from  foot  of  island  No.  3d2  to  2  miles  below 
Fort  Madison,  Jowa. 

Sheet  5.— Map  No.  4,  detailed  survey  from  2  miles  below  Fort  Madison  to  Montrose. 

•Sheet  6. — Profile  of  Mississippi  River  from  7  miles  above  Burlington  to  Montrose. 

Sheet  7. — Index  map  showing  location  of  cross-sections  1  and  2,  borings  near  Bui^ 
liD|;t;on,  sand-bars  observed  for  motion,  and  gauges. 

Sheet  8. — Cross-sections  I  and  2  at  di^erent  dates. 

Sheet  9. — Shows  inothod  of  sounding  and  of  computing  mean  depth  and  area  of  cross- 
iiertions.  -  "^ 

Sheet  10. — Shows  luethod  of  determining  and  computing  quantities  entering  general 
^<1  nation  fof  velocity,  discharge,  &c. 

Sheet  11. — Results  of  gaupugs,  d&c,  tabulated. 

Sheet  12. — Results  of  sediment  observations  tabulated. 

Sheet  13. — P1att«d  sheet  (»f  velocity,  discharge,  stage,  and  sediment. 

Bheet  14. — Diagram  of  discharge  at  Barling^ton, 
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There  follow  some  extracts  from  the  report  of  Assistant  O.  A.  Man, 
made  September  12, 1879,  on  methods  of  observation,  compatation,  &c 

GAUGING. 

Method  of  observing. — Gaugings  were  made  at  two  places  in  front  of 
the  city  of  Burlington.  The  first  designated  cross-section,  No.  1,  is  op- 
posite the  Burlington,  Oedar  Rapids,  and  Northern  freight  de]K)t,  the 
second,  called  cross-section  No.  2,  is  opposite  the  foot  of  Locnst  street 
The  two  cross-sections  were  laid  out  in  the  same  manner  as  follows: 

A  base  line  200  feet  long  was  carefully  measured  on  the  Illinois  side 
of  the  river  and  a  similar  base  parallel  with  and  opposite  to  the  first 
was  measured  on  the  Iowa  side.    The  line  joining  the  upper  extremities 
of  the  2  bases  is  called  the  upper  section,  and  the  corresponding  line  at 
the  lower  extremities  of  the  bases  is  called  the  lower  section.    The  op- 
per  and  lower  sections  are  i)erpendicnlar  to  the  bases.    In  making  the 
observations  for  mean  velocity  and  discharge,  a  skiff  with  10  double 
floats  was  anchored  100  feet  above  the  upper  section  successively  at 
different  distances  from  the  base,  the  distance  being  so  selected  iv«  to 
give  the  best  determination  of  the  variation  of  the  velocity  at  different 
points  in  the  width  of  the  river.    Observers  were  stationedat  the  iippff 
and  lower  ends  of  the  Illinois  base  with  theodolites  ])ointed  across  the 
river  so  as  to  mark  out  the  upper  and  lower  sections.    A  thinl  observer 
was  stationed  at  a  located  point  on  the  river  bank  about  1,000  feet  from 
the  base  to  locate  the  floats  by  theodolite  readings.    Each  obserrei 
was  provided  with  a  telegraph  key  and  sounder,  and  telegraphic  com 
munication  was  established  between  them.    A  fourth  observer  with  a 
mean  time  chronometer  was  stationed  near  the  key  at  upx>er  base.   A 
double  float  with  the  parts  joined  by  a  cord  of  suflicient  length  to  allov 
the  center  of  the  lower  one  to  reach  the  mid-depth  of  the  river  at  tha: 
point,  was  dropped  from  the  anchoi-ed  skitt*.    As  it  approached  the  uppef 
section  warning  of  its  approach  was  given  by  the  observer  at  upper 
section  tapping  the  telegraph  key  twice  in  quick  succession  about  2t) 
seconds  before  the  float  reached  the  upper  section.    As  it  crossed  the 
section  the  observer  at  upper  section  tapped  his  key  once,  the  time  wa^ 
noted  by  the  observer  at  the  chronometer,  and  a  reading  was  taken  to 
the  float  by  the  observer  whose  duty  it  was  to  locate  it.    Similar  obser 
vations  were  made  when  the  float  crossed  the  lower  section,  after  which 
the  float  was  picked  up  by  a  skiff  stationed  below  for  that  pur|K)se. 
The  difference  of  the  observed  time  of  crossing  the  two  sections  gives 
the  time  required  by  the  float  to  move  200  feet  in  a  direction  parallel  to 
the  base,  and  the  theodolite  readings  determine  the  distance  from  the 
base.    Ten  floats  were  sent  down  from  each  i)osition  of  the  skiff  except 
in  very  shoal  water  where  a  lesser  number  was  sent.    The  total  number 
of  floats  sent  from  each  position  of  the  skiff*  is  called  a  series. 

In  the  gaugings  previous  to  May  9,  1879,  which  were  all  taken  on 
cross-section  No.  1,  the  floats  used  consisted  of  a  sheet  of  tin  22  by  U 
inches^  with  pieces  11  inches  square  hinged  to  it  at  its  middle  poiut  in 
each  side,  forming,  when  ready  for  use,  2  planes,  intersecting  at  rijiht 
angles,  and  so  placed  in  the  water  that  the  line  of  intersection  of  the 
planes  should  be  vertical.  This  lower  part  of  the  float  was  joined  l>y  a 
cord  0.025  inch  in  diameter  to  the  ujiper  part,  which  wa^  made  by  solder 
ing  together  the  bases  of  two  hollow  tin  cones  6  inches  in  diameter  by 
5  inches  high.  In  order  to  be  more  easily  seen,  a  flag  about  5  iucbes 
square  was  attached  to  the  upper  part  of  the  float.  In  the  gauging:* 
made  on  and  after  May  9, 5  floats  of  the  form  above  described  were  useil 
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in  each  complete  series,  and  also  5  floats  in  which  a  weighted  paint-keg, 
11  inches  high  by  11  inches  in  diameter,  was  sabstitated  for  the  tin  wings 
forniiug  the  lower  part  of  the  float.    The  cord  joining  the  two  parts  of 
this  float  was  tied  to  two  cross- wires,  intersecting  as  nearly  as  possible 
in  the  center  of  figure  of  the  paint-keg.    In  the  redaction  of  the  gang- 
ings  a  mean  of  all  the  observations  of  a  series  which  were  made  with  the 
same  kind  of  floats  was  adopted,  as  giving  the  time  required  b}'^  the  float 
to  pass  the  base.    In  gaugings  where  both  kinds  of  floats  were  used,  the 
entire  computation  has  b^n  made  independently  for  the  tin  floats  and 
paint-kegs,  and  the  results  derived  from  each  are  given  in  the  tabula- 
tion.   Numerous  soundings  were  taken  upon  each  cross-section  to  deter- 
mine its  area,  and  levels  were  taken  on  each  side  of  the  river  between 
the  base  and  the  water's  edge,  to  determine  the  efi;ect  which  a  change  of 
stage  has  upon  the  area  of  the  cross-section.    The  first  soundings  on 
cross-section  No.  1  were  taken  early  in  April,  1879.    It  being  afterwards 
saspected  that  considerable  changes  had  taken  place  in  the  river  bed, 
the  cross-section  was  resounded  early  in  June,  when  it  was  discovered 
that  changes  had  taken  place.    The  first  soundings  were  used  in  the 
computations  of  gaugings  from  April  IStaMay  9, 1879,  inclusive ;  the  June 
soundings  are  used  in  the  reduction  of  gaugings  of  June  2  and  18,  and 
a  mean  of  the  April  and  June  soundings  for  the  gauging  of  May  26.    To 
determine  the  slope  of  the  river,  gauge-stafts  were  set  up  and  the  differ- 
ence in  the  elevations  of  their  zeros  ascertained  by  leveling. 

Readings  of  these  staffs  were  taken  in  connection  with  the  gaugings. 
Different  combinations  of  these  gauges  were  made  uijon  different  days, 
the  distance  between  the  2  gauges  used  for  measuring  the  slope  ranging 
from  ^  a  mile  to  1^  miles. 

Computation. — In  the  computation  of  the  gaugings  the  position  of  the 
mean  of  a  series  of  floats  was  first  determined  from  the  readings  to  the 
several  floats ;  then  the  mean  velocity  given  by  the  series  was  computed, 
and  from  the  mean  velocities  the  velocities  of  different  portions  of  the 
river,  called  secti  )n8,  were  obtained.  These  velocities  multiplied  by  the 
areas  of  the  sections  give  the  approximate  discharges  of  the  sections 
from  which  the  mean  velocity  and  discharge  of  the  whole  river  are  ob- 
tained by  the  rigorous  method  given  on  page  314  of  "Humphreys'  and 
Abbot's  Report  on  the  Mississippi  River,"  all  of  which  will  be  treated 
more  in  detail  below. 

Position  of  floats. — For  each  cross  section  a  table  was  constructed 
giving  the  distance  from  the  base,  of  points  in  the  upper  and  lower  sec- 
tions corresponding  to  given  readings  at  the  station  commonly  occupied 
for  locating  floats. 

A  mean  of  all  the  readings  to  floats  on  each  section  which  were  to  be 
combined  in  the  reduction  was  taken,  and  the  distance  corresponding  to 
this  reading  looked  out  from  the  table.  A  mean  of  the  distances  to  the 
same  series  of  floats  on  the  upper  and  lower  sections  was  then  taken 
and  assumed  as  the  distance  of  the  series  from  the  base,  corresponding 
to  the  velocity  deduced  from  that  series.  These  velocities  in  feet  per 
second  were  next  obtained,  by  dividing  the  length  of  the  base  by  the 
mean  of  the  observed  times  of  transit  past  the  base. 

I>ivision  of  the  river  into  sections. — ^The  plan  first  adopted  and  used  in 
:be  gaugings  of  April  18,  19,  April  28  and  May  2,  1879,  for  the  division 
>f  the  width  of  the  river  into  sections,  was  to  assume  as  many  sections 
IS  there  were  series  of  floats  in  the  gauging,  the  limits  of  the  sections 
peing  midway  between  the  positions  of  the  several  series.  A  profile  of 
he  river-bed  was  plotted  from  the  soundings  from  which  the  mean  depth 
»f  each  section  was  obtained  and  the  observed  velocity  was  assumed  as 
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the  mean  velocity  of  the  section  in  which  it  occurred.    This  method 
being  found  neither  convenient  nor  sufficiently  accurate,  the  following 
method  was  adopted  for  the  remaining  gaugings.* 
Commencing  at  a  point  assumed  at  an  arbitrary  distance  from  the 


Illinois  base,  for  cross-section  No.  1,  174  feet,  and  forcross-sectioD  No. 
88  feet,  the  river  was  divided  into  sections  each  100  feet  wide.  The  river 
varying  somewhat  in  width  with  the  stage  of  water,  it  is  evident  thai 
the  sections  contiguous  to  the  shore  cannot  be  assumed  as  of  any  con- 
stant width,  and  a  profile  of  the  shore  was  therefore  constructed  from 
the  levels  and  the  soundings,  by  means  of  which  profile  the  width  and 
mean  depth  corresponding  to  any  stage  can  be  readily  obtained.  For 
all  sections  except  the  shore  sections,  a  mean  of  all  the  soundings  on  each 
section  reduced  to  zero  stage  was  taken  as  the  mean  depth  of  the  sec- 
tion at  that  stage  and  a  table  formed  for  each  cross-section  giving  these 
mean  depths. 

The  mean  depth  corresponding  to  any  stage  of  the  river  is  found  by 
adding  the  figures  representing  the  stage  to  the  tabular  number,  and 
since  the  width  of  the  section  is  100  feet,  the  area  is  found  by  moving 
the  decimal  point  two  places  to  the  right.  The  meanvelocities  of  the 
100  feet  sections  were  taken  from  a  curve  platted  by  using  as  abscissas 
the  distances  from  the  Illinois  base  and  as  ordinates  the  observed  veloci- 
ties. 

Solution  of  the  final  equation, — ^The  formula  given  by  Humphreys  and 
Abbot  for  determining  the  mean  velocity  of  the  whole  river  is 

Ia[T)  +  I{a-^bivi)^I(aYiD). 

in  which 

,  1.69 

}/  D  +  1.5 
D  being  the  depth  of  the  river  at  any  point. 

Values  of  the  quantity  -^  b  i  have  been  computed  for  values  of  D 
from  0  to  30  feet  and  have  been  tabulate.  The  values  of  tlie  coefficients 
used  in  the  computations  are  obtained  from  this  table. 

The  equation  for  determining  v  i  becomes  by  dividing  by  T  a 

Which  is  a  quadratic  equation  of  the  form 

iT*  +  pxr=q 
which  latter  may  be  solved  by  putting 

m  sin  M=  y/'q 

m  cos  M=ij> 
when  the  value  of  x  becomes 

d?=  — m  cos  M  ±  m. 

In  the  actual  application  of  the  formula  the  positive  sign  of  ^^m"*  '\s 
used  for  the  reason  given  on  page  314  of  Humphreys  and  Abbot.  Id 
the  computation  of  the  gaugings  the  difference  of  the  numbers  cos  M 
and  m  was  obtained  by  the  use  of  ^'  Wittstien's  subtraction  logarithms.^ 
The  solution  of  the  above  equation  determines  the  square  root  of  the 

♦The  gangings  of  April  18,  19,  April  28  and  May  2,  above  mentioned,  were  after- 
wards recomputed  ami  platted  according  to  method  descriUed  helow%  and  only  the 
reanlta  of  thia  recompntation  are  given  on  accompanying  sheets. 


APPENDIX   S.  1531 

mean  velocity  of  the  whole  river  at  the  particular  cross-section  under 
coDsideration.  The  mean  velocity  multiplied  by  the  area  of  the  cross- 
section  gives  the  discharge  per  second. 

General  remarks, — Cross-section  No.  2  is  much  better  adapted  for  suc- 
cessful gaugings  than  cross-section  No.  1,  and  the  results  obtained  from 
it  are  entitled  to  greater  confidence  than  those  from  No.  1.  A  sand-bar 
above  section  No.  1  kept  moving  down  until  it  encroached  upon  the  sec>- 
tion  before  the  last  gauging  was  taken.  At  section  No.  2  there  was  no 
perceptible  change. 

SEDIMENT  OBSERVATIONS. 

Sediment  observations  were  made  at  Burlington,  Iowa,  during  the 
months  ot  April,  May,  and  June,  1879,  to  ascertain  the  amount  of  sedi- 
ment held  in  suspension  by  the  water  of  the  Mississippi  Biver  at  that 
point. .  The  water  was  taken  from  the  river  in  a  sediment  measure  con- 
Btructed  especially  for  this  survey  at  Bock  Island  Arsenal.  The  meas- 
ure consists  of  a  hollow^  steel  cylinder  closed  at  the  top  and  bottom  by  fixed 
brass  plugs,  the  top  plug  being  provided  with  an  opening  closed  by  a 
conical  valve  which  is  held  firmly  to  its  seat  by  a  spiral  spring,  and  by 
means  of  a  cord  attached  is  opened  as  desired.  By  means  of  brass 
clamps  the  measure  may  be  attached  to  a  pole  and  lowered  to  any  depth 
desired. 

The  water  was  taken  at  depths  of  1  and  12  feet  below  the  surface  at 
a  point  where  the  river  was  13  feet  deep.  The  amount  of  water  obtained 
at  each  observation  was  equal  to  the  capacity  of  the  measure,  which  was 
foand  to  be  2,375  grams. 

The  water  was  emptied  into  glass  jars  and  allowed  to  settle.  It  was 
at  first  intended  to  determine  the  size  of  the  particles  composing  the 
sediment,  and  a  glass  micrometer  and  a  poweri^l  microscope  were  pro- 
cured for  that  purpose,  but  the  operation  was  found  to  be  unsatisfac* 
tor^'  on  account  of  the  difficulty  of  separating  the  sediment  from  the 
filter-papers  upon  which  it  was  dex>osited  without  mingling  with  it  par- 
ticles of  the  paper.  The  water,  having  been  allowed  to  settle  a  given 
time,  was  siphoned  ofi^,  except  about  half  an  inch  in  the  bottom  of  each 
jar.  The  siphoned  water  was  placed  in  a  new  jar  for  further  examina- 
tion, and  the  residual  water,  after  being  thoroughly  shaken,  was  filter€d 
through  a  pair  of  filter-papers,  which  had  previously  been  carefully  bal- 
anced, so  as  to  be  of  exactly  the  same  weight.  After  the  filtration,  the 
papers  were  dried,  and  the  difiTerence  in  weight  was  adopted  as  the* 
weight  of  the  sediment  The  above  process  was  repeated  until  no 
deposit  was  perceptible.  It  was  found  that  sand  and  the  coarser  detri- 
tus would  settle  in  about  15  minutes,  all  except  clay  would  settle  in  24 
hours,  and  clay  in  about  100  hours,  although  in  some  cases  the  water 
wonld  retain  a  milky  appearance  for  several  weeks.  The  proportion  of 
sediment  to  water  is  so  small  that  a  long  series  of  observations  would 
be  necessary  to  give  definite  data. 

BORINGS. 

Borings  were  made  with  a  2-inch  auger  having  a  stem  of  gas-pipe,  to 
which  joints  were  added  as  the  boring  progress^.  Great  difficidty  wa» 
experienced  in  boring  under  water,  owing  to  the  filling  in  of  fine  sand  and 
mad,  so  that  it  was  found  necessary  to  first  drive  a  gas-pipe  shaft,  pump^ 
it  ont,  and  bore  inside  of  it.    The  blade  of  the  auger  was  also  inclosed 
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in  a  sheet-iron  casing  in  order  to  prevent  the  water  from  washing  off 
the  material  as  the  anger  was  drawn  up.  The  results  of  the  varioos 
l>oring8  are  shown  on  sheet  2. 

Very  respectfully,  your  most  obedient  servant, 

A.  Mackenzie, 


Oheef  OP  Engineers,  U.  S.  A. 


Captain  of  Ihigine^i. 


S  4. 

improvement  of  the   MISSISSIPPI  river  FROM  LA  CROSSE,  WISCON- 
SIN, TO  MOUTH  OF  ROOT  RIVER. 

No  work  was  executed  under  this  appropriation  during  the  past  year 
other  than  frequent  examinations  of  the  locality.  The  closing  dams 
built  in  1878  have  settled  slightly,  but  they  have  well  answered  the 
purpose  for  which  they  were  built  in  holding  the  main  channel  of  the 
xiver  along  the  city  front.  The  channel  in  the  vicinity  of  La  Crosse^ 
which  for  several  years  was  very  changeable  and  troublesome,  owing 
to  the  movement  of  large  bodies  of  sand  caused  by  closing  the  cnute  to 
the  east  of  Minnesota  Island,  has  now  had  time  to  regulate  itself,  and 
no  trouble  is  anticipated  in  this  immediate  vicinity  during  the  present 
49eason. 

ABSTRACT  OF  APPUOPRIATION. 

By  act  approvedJune  18,  1878 $l%5^^ 

No  further  appropriation  is  asked  for. 

Money  statement. 

July  1, 1879,ainount  available |7ri2  S 

July  1, 1880,  amouut  expended  duriug  fiscal  year 788  ?^ 


KEMOVAL   OF  BAR   IN    THE    MISSISSIPPI    RIVER,   OPPOSITE   DUBUQUE. 

IOWA. 

A  project  for  this  work  was  presented  in  February,  1876  (Bex>ort  of 
Chief  of  Engineers,  Part  I,  page  696).  A  modified  project,  contemplat 
ing  the  removal  of  the  bar  by  dredging,  was  approved  June  20, 1877 

g Report  of  Chief  of  Engineers,  Part  I,  page  525).  On  July  2,  1878, 
ajor  Farquhar,  in  his  annual  report,  submitted  a  new  project  for 
dredging,  changing  former  estimates.  In  May,  1879,  a  Board  of  En 
gineers  submitted  a  report  on  Dubuque  Harbor,  from  which  the  follow 
ing  extract  is  taken : 

The  following  plan  is  proposed  for  the  permanent  improvement  of  the  harbor :  T« 
prevent  the  rewrmin^  of  the  bar  it  is  proposed  to  diminish  the  present  low^wat^'i 
cross-section  of  the  river  at  the  landing  by  constructing  two  low  spur  dams  on  th«- 
Dnnleith  shore,  as  shown  on  the  tracing  hereto  attached,  lisiug  only  a  foot  above  low- 
water,  and  extending  ont  to  the  3-foot  cnrve  at  low-wat'er,  or  farther  if  found  Q^H:ei»- 
sarv.  The  effect  of  these  spurs  on  the  opposite  shore  should  be  carefully  watHied, 
and  no  more  contraction  should  be  produced  than  is  necessary  to  secure  the  desirtKl 
effect.    The  cost  of  the  spurs  is  estimated  at  $12,668 ;  bnt,  as  the  dredging  already 
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neaily  completed  has  secured  easy  access  to  the  landiuff.  and  as  for  two  years  the 
dredged  space  has  shown  little  or  no  tendency  to  fill  up,  although,  indeed,  there  have 
been  no  marked  high-water  periods  in  this  time,  it  is  not  proposed  to  begin  construc- 
tion until  the  present  dredged  area  shows  signs  of  filling  up,  when  the  work  should 
be  done  without  delav. 

The  construction  of  the  spurs  will  force  the  current  against  the  bar  and  Dubuque 
shore,  but  the  shore  below  the  bar  is  already  protected  by  stone,  either  loose  or  in 
paving;  hence,  any  serious  cutting  of  it  is  not  anticipated.  The  spurs  may  cause  a 
nhght  shoaling  at  the  Dunleith  Ferry  Landing,  but  the  cost,  should  it  be  necessary, 
of  a  short  causeway  200  to  300  feet  in  length  to  the  new  shore-line  would  be  very 
small.  As  the  bar  is  now  so  far  removed  as  to  meet  the  present  requirements  of  com- 
merce, it  is  proposed  to  discontinue  dredging,  and  the  available  appropriation  can  be 
retained  to  commence  the  proposed  spurs.  In  case  there  should  be  no  filling  up  in 
the  next  high-water,  the  dredging  should  be  continued  in  acconlance  with  the  recom^ 
mendation  of  Maj.  F.  U.  Farquhar,  in  his  report  of  July  2,  1878. 

As  recommended  by  the  Board,  an  examination  was  made  August  24^ 
1879,  and,  as  no  filling  was  apparent,  the  balance  on  hand  was  expended 
in  dredging.  The  details  and  present  condition  of  work  are  shown  in 
appended  report  of  M.  Meigs,  United  States  civil  engineer. 

To  carry  out  the  existing  project,  the  work  remaining  to  be  done  is  to 
construct  the  spur  dams  from  the  Illinois  shore  and  continue  dredging 
on  the  bar,  but  as  there  is  a  possible  danger  that  the  channel  may  leave- 
the  draw  span,  and  as  there  is  also  a  probability  that  a  large  portion  of 
the  material  from  which  the  bar  is  formed  comes  from  the  caving  island 
banks  above  the  bridge,  I  propose  before  doing  this  work  to  make  a 
thorough  low- water  examination  of  the  channels  and  shores  above  the 
railroad  bridge.  The  appropriation  of  June  14, 1880,  will  be  expended 
for  dredging  and  the  commencement  of  spur  dams,  unless  it  appears 
that  the  work  above  referred  to  is  of  greater  importance.  To  carry  out 
the  project  of  the  Board  of  Engineers'  construction  of  spur  dams  is  es- 
timated to  cost  $12,668,  and  to  complete  the  dredging  as  estimated  by 
Major  Farquhar,  in  his  report  of  July  2, 1878,  will  cost  $9,102.03,  or  a 
total  of  $21,770.03. 

ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  August  14,  1876 $15,000 

By  act  approved  June  18.  1878 10,000 

By  act  approved  March  .%  1879 4,000 

By  act  approved  June  14,  1880 7,000 

Total 36,000 

Money  statement 

July  ly  1879,  amount  available $3,996  76 

Arnonnt  appropriated  by  act  approved  June  14,  1880 7, 000  00 

$10, 995  76 

Jmly  1,  1880,  amount  expended  during  fiscal  year 3,995  13 

July  1,  1880,  amount  available 7,000  63 

Amount  (estimated)  required  for  completion  of  existing  project 14, 770  03 

Amonnt  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1H82.     14, 770  03 


report  of  mr.  m.  mbios,  united  states  civil  engineer. 

United  States  Engineer  Office, 

Rock  Island,  III,  July  1,  1880. 

Captain  :  I  bave  tbe  bonor  to  submit  my  report  on  tbe  "  Removal  of  a  bar  in  tbe  Mis- 
sippi  River  opposite  Dubuque,  Iowa,''  for  tbe  fiscal  year  endinjr  June  30,  If^,  An 
Hxamination  of  Dubuque  Bar  made  August  24, 1879,  after  tbe  subsidence  of  bigb- water, 
showed,  no  change  of  importance  subsequent  to  the  completion  of  dredging  operationa 
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in  1878.  A  few  patches  that  had  been  left  from  0.1  to  0.3  of  a  foot  above  grade  wer» 
still  in  place ;  in  a  few  spots  the  bottom  had  been  raised  0.1  or  0.2  of  a  foot;  in  some 
others  deepened  the  same  amount ;  there  was  no  filHng  up  that  could  be  diseovered. 
The  dredging  was  therefore  continued  according  to  the  plan  previously  pnrsned,  and 
as  recommended  in  the  report  of  the  Board  of  Engineers  convened  at  Dabuqae  Maj 
19, 1879.  The  accompanying  sketch  shows  the  areas  dredged  in  different  years  and 
the  present  position  of  the  bar. 

The  work  already  performed  has  been  of  great  benefit  to  the  shipping  interests  of 
Dubuque,  and  has  proved  satisfactory  to  steamboat  men. 

The  excavation  carried  on  in  18^0  was  in  the  upper  and  heavier  portion  of  the  bar. 
The  ^rade  was  4^  feet  below  low-water,  being  the  same  as  in  previous  work,  (187t<,) 
and,  if  the  work  is  carried  further  up  stream,  the  excavati(»n  will  be  in  sand  averaging 
5  feet  above  grade,  and  consequently  expensive. 

The  work  was  done  under  agreement  with  H.  S.  Brown  &  Co.,  of  Hamilton,  111 
But  two  offers  were  made,  that  of  Brown  &  Co.,  and  by  Whitney  Sl  Son,  of  Keoknk, 
Iowa.  Both  bid  the  same  price,  17  cents  per  cubic  yard,  and  the  work  was  given  tt 
Brown  &.  Co.,  as  they  owned  the  only  idle  dredge  on  the  river.  The  appropriaiioB 
ran  out  before  the  cleaning  up  was  quite  finished,  and  a  small  patch  was  left  2  feet 
above  grade,  but  it  will  probably  wash  down  nearlvevon  with  the  rest  of  the  bottoa. 
I  would  suggest  that  no  further  work  be  done  until  a  survey  at  low- water  shall  han 
ahown  what  the  tendency  of  the  bar  may  be  either  to  fill  up  or  wash  away. 


Summary  of  work  to  date. 


Items. 


Cabi« 


Dredged  during  year  ending  Jane  30, 1878 
I>redged  during  year  ending  June  30,  1879 
Dredged  daring  year  ending  June  80,  1880 

Total 


Cost  of  dredging  19,573.24  cubic  yards  at  Duhuquef  lotca. 


Itema. 


19,573.24  cubic  yards  dredged  and  removed. 
Superintendence  and  office  expenses 

Total  cost 


Cost  per 
cubic  yard. 


0  20 


Total 


3,»50 


Very  respectfully,  your  obedient  servant, 

M.  Meios, 
United  States  Ciml  Enginerr. 
Capt.  A.  Mackenzie, 

C'orp»  of  EngineerSf  V.  S.  A. 


S6. 

IMPROVEMENT  OF  ROCK  ISLAND  RAPIDS,  MISSISSIPPI  RIVER 

The  original  project  for  this  work  was  presented  in  1806,  and  wsjj  to 
make  cuts  through  the  various  chains  of  rock,  giving  an  available  deptii 
at  extreme  low-water  of  4  feet  and  a  channel  width  of  200  feet  The 
work  remaining  July  1, 1879,  to  complete  the  existing  project,  was  to 
remove  some  patches  of  rock  at  Saint  Louis  chain ;  to  make  a  thorongb 
examination  of  the  channel  and  remove  any  projecting  points  of  rockf 
if  such  were  found ;  to  dredge  out  all  loose  rock  and  bowlders  which 
had  been  carried  into  the  channel  by  ice ;  and  to  establish  and  main 
tain  a  system  of  channel  marks. 
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The  very  small  appropriation  of  March  3, 1879,  only  permitted  of  the 
blasting  of  the  patches  of  rock  at  Saint  Louis  chain  and  the  placing  in 
position  of  a  few  experimental  buoys.  The  details  of  the  past  season's 
work,  together  with  methods  used,  are  fully  given  in  the  annual  report 
of  Assistant  Engineer  E.  F.  Hoifmann,  who  has  been  in  local  charge  of 
this  work  from  its  commencement. 

The  establishment  of  buoys  on  the  rapids  is  difficult,  but  their  ne- 
cessity is  jsutiiciently  great  to  justify  a  trial  of  various  forms  until  the 
one  is  found  which  best  resists  the  blows  received  at  certain  stages  from 
steamboats  and  rafts. 

These  buoys,  once  established,  should  be  carefully  maintained ;  and 
to  do  this  will  require  the  services  of  a  small  steamboat  which,  it  is  es- 
timated, will  cost  about  $1,200.  In  reply  to  a  resolution  of  the  House 
of  Representatives,  a  report,  dated  March  15,  1880,  was  submitted, 
giving  a  brief  history  of  the  Kock  Island  Eapids  improvement,  with 
reasons  and  estimates  for  increasing  the  width  of  channel  to  400  feet. 
(House  Ex.  Doc.  67,  Forty-sixth  Congress,  second  session.) 

The  work  projected  for  this  fiscal  year  is  to  thoroughly  examine  the 
cuts  through  the  various  chains,  dredge  out  loose  rock,  and  remove  any. 
projecting  points,  and  establish  channel  marks  for  the  aid  of  navigation. 
As  much  of  this  work  will  be  carried  out  as  the  $8,000  appropriated  by 
act  of  June  14,  1880,  will  permit.  At  the  beginning  of  the  last  fiscal 
year  it  was  estimated  that  an  appropriation  of  $12,000  would  complete 
the  existing  project,  and  it  would  have  done  so,  but  the  reduction  of 
this  amount  to  $8,000  will  carry  a  portion  of  the  work  into  the  fiscal 
year  ending  June  30, 1882,  and  increase  its  cost  materially.  I  now  es- 
timate that  an  additional  appropriation  of  $8,000  will  be  needed  to 
complete  the  existing  project  and  maintain  buoys  and  channel  marks. 

ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  June  23,  1866 .f..  $100,000 

By  act  approved  March  2,  1867 200,000 

By  allotxnent  from  appropriation  of  July  25,  1868 156, 000 

By  allotnient  from  appropriation  of  April  10,  1869 133,650 

By  act  approved  July  11,  1870 150,000 

By  act  approved  March  3,  1871 150,000 

By  act  approved  June  10,  1872 50,000 

By  act  approved  March  3,  1873 50,000 

By  act  approved  June  23,  1874 50,000 

By  act  approved  March  3,  1875 50,000 

By  act  approved  August  14,  1876 25,000 

By  act  approved  June  18,  1878 30,000 

fty  act  approved  March  3,  1879 6,000 

Jy  act  approved  June  14,  1880 8,000 

Total 1,158,650 

Money  statement. 

uly  1,  1879,  amount  available |9, 176  93 

jnoitnt  appropriated  by  act  approved  June  14,  1880 8, 000  00 

17, 176  93 

ily  1,  1880,  amount  expended  during  fiscal  year 7,742  72 

ily  1,  1880,  amount  available 9,434  21 

Don nt  (estimated)  required  for  completion  of  existing  project 8, 000  00 

nouxit  that  can  be  profitably  expended  in  fiscal  year  ending  June  .30, 1882.    8, 000  00 
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report  of  mr.  e.  f.  hoffman,  assistant  engineer. 

United  States  Engineer  Office, 

Rock  Mand,  III,  July  1, 1^. 

Captain  :  I  have  the  honor  to  submit  my  reiK)rt  of  operations  for  the  "Improvement 
of  the  Rock  Island  Rapids''  for  the  fiscal  year  ending  June  30, 1880. 

According  to  the  appraved  project  it  was  proposed  to  excavate  at  Saint  Louis  chain 
several  pat^^hesof  rocK  whicn  encroached  upon  the  channel.  On  July  6  the  small 
steamer  Irene  towed  the  steam-drill  scow  and  quarter  boat  to  Saint  Louis  chain.  The 
work  of  blasting  with  dynamite  was  begun  August  4,  1879,  and  the  result  is  given  ii 
the  following  table : 


Month. 


Aagnst . . . 
September 
October... 


^ 

o 

ua 

«j 

1 

1 

a 

OJ 

w. 

i 

a 

p 

PS 

Inches. 

3^ 

703 

aS 

981 

H 

884 

•3  ' 

it. 

5*^-1 

S-a 

C      0 

1S1 

=  ej 

S  h  - 

gt^a 

"<; 

Ti 
» 

The  total  amount  of  rock  broken  is  1,513  cubic  yards ;  286  pounds  No.  1,  and  ^' 
pounds  No.  2  dynamite  were  used,  averaging  1.96  pounds  to  each  drill-hole,  of  whi(fc 
one-third  was  No.  1  and  two-thirds  No.  2.  An  average  of  0.72  pound  dynamite  to  1 
enbic  yanl  of  rock  was  required.  The  cost  per  cubic  yard  was  $3.12.  The  work  wai 
much  interfered  with  by  passing  steamers  and  rafts,  as  the  plant  had  to  be  freqnenth 
moved  out  of  their  way. 

Several  charges  were  fired  simultaneously,  the  average  number  of  connected  char^^ 
being  five,  but  m>m  twelve  to  fourteen  chaijges  were  sometimes  exploded  atonoewheif 
the  formation  of  the  river  bed  made  it  desirable.  A  f^mith  magneto-electric  batttf^ 
was  chiefly  used  for  firing  the  charges,  and  a  friction  electric  battery  also  did  go^ 
service.    For  testing  the  connection  a  galvanometer  was  procured. 

The  dredgtag  of  the  broken  rock  at  Saint  Louis  chain  should  be  performed  daiin^ 
the  coming  season,  and  it  is  respectftiUy  recommended  that  a  dredge  for  this  parp(» 
be  hired  by  the  day.  The  above-mentioned  work  is  the  first  which  has  been  sokl; 
executed  by  subaqueous  blasting  during  the  progress  of  this  improvement,  and  it  wi3 
l>e  of  interest  to  know  if  knobs  or  points  of  rock  nave  been  left  above  grade,  in  vhiC' 
ease  the  steam  drill  will  have  to  be  used  before  the  places  are  dredged,  and  forthit 
reason  the  hire  of  a  dredge  by  the  day  is  preferable.  A  sum  of  $3,000  will  be  saffieicet 
to  dredge  the  improved  ^annel  at  Saint  Louis  chain  and  to  do  as  much  subsqneotf 
blasting  as  may  be  necessary  for  removing  points  found  to  be  above  grade. 

The  steam  drill  was  aldo  used  during  the  season  in  breaking  up  pieces  of  rock  whies 
had  been  carried  by  ice  into  the  cuts  at  Smith's,  Campbell's,  and  Duck  Creek  cbaii^ 
Orders  were  received  from  you  to  place  buoys  of  different  shape  at  certain  places  ot 
the  rapids,  where  they  could  be  tried  with  reference  to  serving  as  guides  to  nsvig* 
tion,  and  to  withstanding  collisions  with  passing  steamers  and  rafto.  Two  of  th^ 
trial  buoys  were  made  of  timber  12  inches  square  and  12  feet  long,  fastened  to  a  rin£ 
bolt  let  into  the  rocky  bottom  by  a  i-inch  chain.  Two  other  buoys  were  pear-shapei 
the  largo  end  22  inches  diameter,  the  small  end  8  inches,  and  8  feet  in  length ;  throagl 
the  axis  a  hole  3  inches  diameter  was  bored,  and  a  conical  hole  cut  out  of  the  top  « 
the  buoys  for  the  purpose  of  receiving  a  cast-iron  conical  hollow  piece  with  a  bar « 
wrought  iron  around  which  the  chain  is  fastened  which  leads  to  the  ring-bolt  insertt**! 
in  the  river  bottom.  The  slack  of  the  chain  lies  alongside  of  the  holding  chain  in  tlrt 
interior  of  the  buoy,  and  the  length  of  the  chain  can  be  regulated  at  pleasure  by  n*- 
moving  the  cast- iron  cone.  During  the  winter  of  187^18w  eleven  new  buoys  vren 
constructed,  six  of  the  pear-shaped  pattern  and  five  spar  buoys.  The  latter  were  pro- 
vided with  an  extra  weight  of  60  pounds  attached  to  the  chain,  which  at  low-wat<i 
rests  on  the  bottom,  ana  at  high-water  acts  as  a  compensating  spring  when  the  bnoy 
pulls  too  strong  on  the  ring-bolt. 

All  the  buoys  were  plac^  in  position  between  March  28  and  April  1, 1880.  The  ac- 
companying sketch  shows  their  location.  Additional  buoys  will  be  placed  as  soon  if 
a  lower  stage  of  water  i)ermits.  The  anchoring  of  the  buoys  on  some  of  the  most  dii- 
ficult  places  has  met  with  general  approval  from  steamboat  men,  and  it  is  of  much  lis- 
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portsnce  to  navigation  that  the  plan  of  bnoying  the  channel  be  adhered  to,  and  that 
beacoos  or  landmarks  be  established  for  the  same  purpose. 

It  i's  necessary  to  remove  aud  store  away  the  buoys  when  ice  begins  running,  and  to 
replace  them  in  the  spring.  Rafts  and  steamboats  sometimes  displace  them,  and  in 
such  cases  they  shonld  be  promptly  restored. 

For  accomplishing  this  work,  and  for  other  pnrpones,  the  use  of  a  small  steamer  on 
the  rapids  is  indispensable,  which  can  tow  the  steam-drill  scow  or  a  smaller  flat-boat 
provided  with  ccmveniences  for  drilling  by  hand.  Such  a  steamer  could  be  built  for 
|l,*4iOO,  and  its  construction  is  most  reHpectfuUy  recommended.  A  survey  of  the  cuts 
through  the  varions  chains  is  quite  necessary  for  ascertaining  what  obstructions  have 
been  brought  int4>  them  by  ice  during  the  past  nine  years. 

The  sounding  machine  belonging  to  this  improvement  is  provided  with  an  adjusta- 
ble rake  by  means  of  which  small  objects  on  the  river  bottom  may  be  found  and 
located. 

To  make  the  survey  the  hire  of  a  small  steamboat  from  two  to  three  weeks  will  be 
necessary  for  towing  the  rake.  The  notes  of  the  survey  can  be  plotted  during  the 
winter  so  as  to  be  used  when  another  appropriation  gives  the  means  of  dredging  over 
the  entire  improved  channel  of  the  river. 

SUMMARY  FOR  FISCAL  TEAR  ENDING  JUNE  30,  1880. 

Blasting  1,513  cubic  yards  of  rook  at  Saint  Louis  chain,  at  |3.12  per  cubib 
yard $4,720  56 

Removing  obstructions  washed  in  by  ice  at  Smith's,  CampbelPs,  and  Duck 
Creek  chains 1, 675  00 

Constmcting  and  establishing  bnoys 1, 347  16 

Total  expended 7,748  66 

Very  respectftilly,  your  obedient  servant, 

E.  F.  Hoffmann, 
AasUtant  Engineer, 
Capt.  A.  Mackenzie, 

CorpB  of  Engineers,  F.  8,  A, 


speoial  report. 

United  States  Engineer  Office, 

Rock  Islandj  111.^  March  15, 1880. 

General  :  I  have  the  honor  to  acknowledge  the  receipt  of  a  letter 
from  your  office,  dated  March  9, 1880,  containing  a  resolution  of  the 
House  of  Representatives  calling  for  ceitain  maps  and  reports  in  refer- 
ence to  a  proposed  widening  of  the  Bock  Island  Bapids. 

The  accompanying  map,  which  shows  the  present  200-foot  channel  and 
the  work  required  for  increasing  this  width  to  400  feet,  was  prepared 
last  winter,  but  as  yet  no  rei>orts  on  the  subject  have  been  made.  I 
would  therefore  submit  the  following : 

The  Bock  Island  or  Upper  Bapids  of  the  Mississippi  Biver  extend 
from  Le  Claire,  Iowa,  to  Bock  Island,  111.,  a  distance  of  14  miles.  The 
river  over  this  reach  consists  of  a  succession  of  deep  pools  separated  by 
chains  of  rocks,  through  which  the  water,  in  the  course  of  centuries,  has 
cat  irregular  channels. 

The  fall  from  the  head  to  the  foot  of  the  rapids  is  about  20  feet,  giv- 
ing a  velocity  of  current  of  from  2  to  10  feet  per  second  at  the  shoal 
places. 

Previous  to  improvement  the  rapfds  could  not  be  passed  by  the  larger 
(^lass  of  steamboats  at  a  2-foot  stage,  and  at  medium  stages  boats  draw- 
ing from  3  to  4  feet  could  only  pass  on  calm  days  and  by  using  extreme 
cantion. 

Congress  caused  a  survey  and  report  on  the  improvement  of  the 
rapids  to  be  made  in  1866. 

97  E 


1538     REPORT   OF   THE    CHIEF   OF   El^OINEERS,    U.    8.   ARMY. 

Id  1867  the  work  of  excavation  was  commeDced,  in  accordance  with 
the  approved  plan,  which  was  to  give  a  channel  over  the  chains  200feet 
in  width,  with  a  depth  of  4  feet  below  low- water  of  1864.  From  1867  to 
1879,  inclusive,  $1,150,650  were  appropriated,  for  which  sum  about  90,000 
cubic  yardB  have  been  removed,  virtually  completing  the  alK)vemen- 
tioned  plan. 

The  work  already  accomplished  has  greatly  benefited  navigation,  bat 
still  certain  difficulties  are  met  with. 

1.  The  channel  is  so  crooked  that  it  is  not  practicable  in  its  jiresent 
condition  to  provide  a  system  of  lights,  and  the  navigation  of  the  rapids 
is  suspended  dunng  the  night. 

2.  The  width  of  200  feet  is  not  sufficient  to  admit  of  2  boats  with 
barges  passing  each  other,  so  that  either  the  ascending  or  descending 
boat  must  wait  in  one  of  the  deep  pools  until  the  other  has  passed 
through  a  cut. 

3.  A  fresh  breeze,  acting  against  the  very  long  and  high  Mississippi 
steamers,  endangers,  and  a  strong  wind  prohibits,  navigation  through 
the  narrow  channels. 

4.  A  large  steamer  ascending  the  rapids  through  the  comparatively 
narrow  200-foot  channels  draws  down  the  water  to  such  an  extent  as  to 
materially  reduce  the  depth  in  the  cuts,  so  that  a  4  foot  channel  is  not 
really  available  at  all  parts  of  the  rapids  during  a  low-water  stage  of  the 
river. 

The  most  available  plan  that  can  be  suggested  for  overcoming  these 
difficulties  is,  as  shown  on  the  accompanying  map,  to  widen  the  present 
cuts,  giving  a  new  channel  400  feet  in  width.  By  this  widening,  the 
second  and  third  difficulties  would  be  done  away  with,  the  fourth  woald 
be  greatly  reduced,  and  by  so  straightening  the  channel  as  to  obtain 
long  reaches,  lights  could  be  established  which  would  overcome  the  first 
difficulty. 

To  increa^se  the  width  of  the  channel  to  400  feet,  giving  a  depth  of  4^ 
feet  below  low-water,  which  will  insure  a  grade  as  low  as  thut  of  the 
present  cut,  will  require  the  removal  of  209,811  cubic  yards  of  rock,  and 
will  cost  approximately  $1,258,866. 

Boats  drawing  five  feet  can  pass  through  the  Des  Moines  Bapids  Canal 
during  extreme  low-water. 

If  it  is  deemed  advisable  to  give  the  same  available  depth  and  a  per 
fectly  safe  channel  over  the  Rock  Island  Rapids,  the  cuts  should  be 
made  400  feet  wide,  and  excavated  to  a  depth  of  at  least  6  feet  below 
low-water  of  1864.  This  would  require  the  removal  of  581,835  cubic 
yards  of  rock,  which  would  cost  ap])roximately  $3,491,010. 

I  have  estimated  the  cost  of  removing  rock  at  $6  i>er  cubic  yard, 
which  would  be  sufficient,  provided  an  appropriation  was  large  enough 
to  justify  the  building  of  coffer-dams  and  a  systematic  method  of  work- 
ing. 

The  plans  present  could  undoubtedly  be  so  modified  during  the  prog- 
ress of  the  work  as  to  require  cutting  on  but  one  side  of  the  channel, 
where  it  is  now  sujiposed  to  require  cutting  on  both  sides ;  such  changes, 
when  practicable,  will  reduce  the  estimated  cost. 

The  interests  of  navigation  of  course  require  that  in  time  all  the  pro- 
posed work  shall  be  done,  but  as  the  obstructions  at  the  Rock  Island 
Rai)ids  are  made  up  of  a  succession  of  shoals,  the  improvement  of  each 
may  be  considered  as  separate,  complete  within  itself,  and  benefiting 
navigation  just  so  much. 

The  only  point  in  connection  with  the  proposed  widening  of  the  chan- 
nel which  has  not  yet  been  considered  is  the  effect  which  the  straight- 
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«Ding  and  improving  of  present  channel  woald  have  on  the  depth  of  the 
water  and  the  rapidity  of  the  current. 

No  effect  which  can  be  measured  by  the  most  delicate  instruments  we 
have  has  been  i)roduced  by  the  work  already  done,  and  it  can  be  safely 
predicted  from  experiences  here  and  elsewhere  that  by  using  the  rock 
excavated  for  reducing  the  flow  of  water  at  other  points  the  required 
depth  can  be  maintained. 

Should  the  current  be  slightly  increased,  it  will  not  interfere  with 
navigation,  provided  a  sufficient  width  and  depth  of  channel  is  given. 

During  the  past  season  the  number  of  boats,  &c.,  passing  through  the 
draw  of  the  Bock  Island  bridge  was  as  follows : 

Steamboats 2, 514 

Barges /. 750 

Kafte 571 

All  these  boats  and  rafts  passed  over  the  rapids,  but  it  is  perhaps  un- 
fair to  judge  of  benefits  resulting  from  an  improve,  ment  of  this  kind  from 
these  figures,  for  the  increased  width  and  depth  of  channel,  by  facilitate 
ing  navigation  and  reducing  cost  of  water  transportation,  would  develop 
new  interests. 

Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 


The  Chief  of  ENaiNEEBs,  U.  S.  A. 


Captain  of  Engineers, 


S7- 

IMPROVEMENT  OF  HARBOR  AT  ROCK  ISLAND,  ILLINOIS. 

In  compliance  with  instructions  from  the  office  of  the  Chief  of  Engi- 
neers, under  date  of  September  13, 1879,  a  report  was  made  by  me  on 
November  5.  Said  report,  which  is  printed  in  House  Ex.  Doc.  No.  32, 
Forty -sixth  Congress,  second  session,  proposes  the  removal  by  dredging 
of  the  bar  along  the  levee  and  of  a  portion  of  the  large  bar  which  ex- 
tends down  from  the  foot  of  the  island  of  Rock  Island  and  covers  the 
steamboat  landing.  It  is  proposed  during  the  present  season  to  remove 
hy  dredging  as  much  of  the  bars  above  mentioned  as  can  be  accom- 
plished with  the  funds  available. 

ABJ^TRACT  OF  APPROPRIATIONS  FOR  IMPROVING  HARBOR  AT  ROCK  ISLAND,  ILLINOIS. 

By  act  approved  June  14,  1880 $6,000  00 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 6, 000  00 

July  1,  1880,  amount  available 6,000  00 

Amount  (eetimated)  required  for  completion  of  existing  project 20, 759  15 

Amount  that  can  be  profitably  expemfed  in  fiscal  year  ending  June  30, 1882.  20, 759  15 


S  8. 
IMPROVEMENT  OF  HARBOR  AT  MUSCATINE,  IOWA. 

A  report  on  an  examination  of  the  steamboat  landings  in  front  of 
Muscatine,  submitted  January  25, 1879,  estimated  the  cost  of  removing 
the  accumulated  deposit  of  mud  at  $19,250. 
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The  act  of  Congress  approved  March  3, 1879,  appropriated  J7,600  for 
commencing  the  work,  which  amount  was  made  immediately  available 
by  the  Secretary  of  War.  Dredging  was  begun  May  12,  and  between 
this  date  and  June  30,  1879,  $3,8^1  were  expended,  leaving  a  balance  of 
$3^69  available  July  1, 1879. 

Dredging  was  continued  until  July  12,  at  which  date  the  high-water 
caused  a  suspension  of  work,  leaving  the  harbor  in  comparatively  good 
condition. 

By  letter  of  the  Chief  of  Engineers  dated  August  12,  1879,  authority 
was  given  to  exx)end  the  balance  of  this  appropriation  in  the  removal 
of  an  obstruction  in  the  channel  just  above  the  city,  and  a  dredge  was 
sent  to  Muscatine  for  this  purpose.  A  more  detailed  examination  of 
the  obstruction  showed  that  what  had  been  reported  as  a  mass  of  bowl- 
ders was  too  solid  to  be  removed  by  the  dredge,  and  this  work  had  to  • 
be  temporarily  abandoned,  the  small  balance  avail<ible  being  used  Id  f 
removing  by  dredge  a  gravel  point,  which  caused  in  part  the  deposit 
along  the  city  front. 

The  removal  of  the  mass  of  rock  above  the  city,  amounting  to  about 
10,000  cubic  yards,  will  be  necessary  in  the  future,  out  does  not  demand 
immediate  attention,  as  good  channels,  which  are  now  found  on  both  , 
sides  of  it,  render  it  less  of  an  obstruction  than  is  found  at  many  other  | 
points.  If  a  low-water  examination  of  this  harbor  shows  that  a  ftlling  ] 
is  still  taking  place,  I  propose  expending  as  much  of  the  $7,500  appro-  - 
priated  by  act  approved  June  14, 1880,  as  may  be  necessary  for  continuiu^ : 
dredging,  usingany  balance remainingforthecommencementof  such  work  I 
as  may  be  necessary  for  preserving  the  harbor  and  channel  of  the  river 
in  this  vicinity.  The  estimate  of  January  25, 1879,  which  gave  the  total 
cost  of  dredging  required  as  $19,250,  was  based  upon  a  survey  made  all 
that  time,  but  as  changes  are  constantly  taking  place  at  this  as  well  ai(' 
other  localities  on  the  river,  the  accuracy  of  this  estimate  cannot  well  M 
determined  for  some  time  to  come.  Assuming  this  estimate  to  be  com 
rect,  there  remains  to  be  appropriated,  to  complete  the  work,  $4,250,  aof 
this  amount  can  be  profitably  expended  either  in  dredging  in  Mnscatinl 
Harbor  or  in  the  improvement  of  the  river  in  the  vicinity  during  tJ 
fiscal  year  ending  June  30, 1882.  I\ 

SUMMARY  OF  WORK  FOR  FISCAL  Y£AR  ENDING  JUNK  30.  1880. 

15,107  cubic  yards  material  dredged,  at  20  cents $3,021 

Engineering  and  contingencies 647 

Total 3,669 

ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  March  3,  1879 '. $7,^ 

By  act  approved  Jnne  14,  1880 7. 31 

Total :..  15. 

Money  statement 

July  1,  1879,  amount  available |3,669  00 

Amount  appropriated  by  act  approved  June  14,  1880 7, 500  00 

$11,169 

July  1,  1880,  amount  expended  during  fiscal  year' 3, 669  f ; 

July  1,  1880,  amount  available 7.500| 

Amount  (estimated)  required  for  pompletion  of  existing  project 4, 250 , 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.      4, 250 
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S.  9. 

IMPROVEMENT  OF   RUSH  CHUTE  AND  HARBOR  AT   BURLINGTON,  IOWA. 

The  work  projected  in  Jannary,  1879,  for  the  improvement  of  naviga- 
tion just  above  Burlington,  was  to  dredge  away  a  iy>rtion  of  the  bar  at 
the  head  of  Bush  Chute,  protect  the  banks,  and  contract  the  channel  at 
the  foot  of  the'  chute.  None  of  this  work  was  done  during  the  fiscal 
yearj  as  the  amount  of  money  available  was  not  sufficient  to  justify  a 
commencement,  and  it  was  deemed  advisable  to  wait  for  and  observe  cer- 
tain changes  going  on  at  the  foot  of  the  chute. 

The  channel  through  Bush  Chute  and  just  above  Burlington  is  trouble- 
some, and  though  it  did  not  give  as  much  annoyance  last  season  as  many 
other  points,  it  continues  threatening  to  be  very  bad.  As  the  proposed 
work  did  not  immediately  follow  the  presentation  of  the  project,  many 
changes  may  be  found  necessary  when  the  work  is  carried  out.  What 
these  changes  will  be  cannot  Jt)e  definitely  stated  until  a  new  low- water 
examination  is  made,  but,  as  the  changes  will  certainly  not  reduce  the 
cost  of  the  work,  the  original  estimate  is  still  adhered  to. 

With  the  money  available  and  the  amount  asked  for  for  fiscal  year 
ending  June  30,  1882,  it  is  proposed  to  remove  the  bar  at  head  of  Bush 
Chute,  protect  the  banks,  and  build  such  spur  dams  at  the  foot  of  the 
chute  as  will  prevent  a  shifting  of  the  channel. 

ABSTUACT  OF  APPROPRIATIONS. 

By  act  approved  August  14,  1876 $10,000 

Bv  act  approved  June  18,  1878 10,000 

By  act  approved  March  3,  1879 5,000 

By  act  approved  June  14,  1880 5,000 

Total : 30,000 

Money  statement. 

July  I,  1879,  amount  available $7, 670  92 

Amount  appropriate<l  by  act  approved  June  14,  1880 5, 000  00 

$12,  (570  92 

July  1,  1880,  amount  expended  during  fiscal  year 19  21 

July  1,  1880,  amount  available 12.65171 

Amount  (estimated)  requirwl  for  completion  of  existing  project 39,656  87 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  39, 656  87 


S.  10 

IMPROVEMENT  OF  HARBOR  AT  FORT  MADISON,  IOWA. 

The  original  project  for  this  work  was  presented  December  6, 1875. 
(Report  of  Chief  of  Engineers,  1876,  part  I,  page  688.)  It  consisted  in 
closing  Niota  Ghnte  for  the  purpose  of  throwing  more  water  into  the  main 
channel  and  removing  the  bars  which  obstruct^  the  landing  at  Fort  Mad- 
ison and  assisting  through  navigation  of  the  river.  The  construction  of 
a  closing  dam  was  commenced  in  1877,  and  completed  in  1878.  The 
effect  of  this  dam  was  to  somewhat  improve  the  channel  in  front  of  the 
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city  wharf.  The  work  proposed  at  the  beginning  of  the  last  fiscal  year 
was  to  build  a  spur  dam  from  the  head  of  Niota  Island  to  contract  the 
channel  and  direct  the  current  along  the  Fort  Madison  landing.  Ou 
September  9, 1879,  a  modified  project  for  the  expenditure  of  the  balaBce 
on  hand  was  submitted  and  approved  September  13, 1879.  This  latter 
project  proposed  postyining  the  construction  of  a  dam  from  head  of 
Niota  Island,  as  such  ^am  might  endanger  the  raft  channel,  and  recom- 
mended the  raising  of  Niota  Chute  Dam,*  the  protection  of  Island  391, 
the  connecting  of  this  island  with  main  shore  by  a  causeway,  and  sucb 
dredging  as  might  be  necessary  for  the  relief  of  Fort  Madison  Harbor 
and  the  Ferry  Landing  on  the  Illinois  shore.  This  work  was  all  carried 
out  during  the  past  fiscal  year.  I 

Fort  Madison  is  badly  located  for  river  commerce,  and  it  is  difficult  to 
preserve  a  channel  along  its  front,  but  the  works  already  constructed  art* 
having  a  beneficial  eff'ect,  and  the  narrow  but  deep  channel  between  the 
bar  and  wharf  seems  to  be  improving. 

Before  the  improvement  of  the  river  in  this  vicinity  can  be  considered  as 
completed,  spur  dams  must  be  built  out  fA)m  islands  391  and  392,  Niota. 
and  the  channel  between  392  and  393  must  be  closed,  and  for  the  accom- 
plishment of  the  above  work  $8,586.87,  the  balance  of  the  original  esti 
mate,  is  respectfully  asked  for. 

SUMMARY  OF  WORK  FOR  FISCAL  YEAR  ENDING  JUNE  30,   1880. 

Niota  Chute  Dam. 
2,083.7  cubic  yards  rock,  at  $1.30 |2  706  81 

Ndber'8  Island  Dike. 

1,517  cubic  yards  rock,  at  $1.30 1,972  10 

604.9  cubic  yards  brush,  at  75  cents.  453  67 

Ndber^a  Island  Shore  Protection. 

275.7  cubic  yards  rock,  at  $1.30 35^41    , 

114  cubic  yards  brush,  at  75  cents 855<^  . 

Dredging  at  Ferry  Landing. 

310  cubic  yards  sand,  at  16  cents 49  60 

Superintendence  and  office  expenses 1,250  45 

Total 6,878  M 

ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  August  14,  1876 $|0.0(10 

By  act  approved  June  18,  187 -< 8,000 

By  act  approved  March  3,  1879 3,€(0. 

Total 21,600 

Money  statement. 

July  1, 1879,  amount  available $6, 878  54 

July  1,  1880,  amount  exi)ende<l  during  fiscal  year 6, 878  r>4 

Amount  (e8timat<Ml)  require<l  for  complet ion  of  existing  project 8, 586  p»7 

Amount  that  can  be  profitably  expended  in  fiscal  year  enaing  June  30, 1882. .     8,  586  87 


«i 


The  Niota  Chute  Dam  was  built  to  a  height  of  2  feet  above  low- water.     An  exami- 
nation made  in  March  1880  showed  that  the  dam  had  settled  but  slightly. 
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Ahitraet  of  proposals  received  and  opened  August  27,  L879,  for  bHtldlng  dame  and  shore  pro- 
teeiions  of  brush  and  stone  in  the  Afississippi  Biver^  near  Fort  Madison^  Iowa. 


I 

e 


2,000  cnbio  yards     i     1,500  cubic  yards 
stone.  brash. 


Names  and  residences  of  bidders. 


Aggregate. 


%'-"«=  !  Amount    ^o^^"'  j  Amount 


H.  S.  Brown,  Hamilton,  111 

2  Edmond  H.  Kand,  Pontoosao,  111 . 

3  Whitney  and  Sun,  Keokuk,  Iowa 


$1  30  $2. 600  00 
1  28  2, 560  00 
1  30  2,  600  00 


$0  90 

1  23 

75 

1 

$1,350  00 
1,845  00 
1, 125  00 

$3, 950  00 
4, 405  00 
3,  725  00 

S  II. 

IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AT  AND  ABOVE  THE  CITY  OF 

ALEXANDRIA,  MISSOURI. 

A  report  on  this  subject  with  accompanying  project  was  made  by  Maj. 
F.  U.  Farquhar,  Corps  of  Engineers,  January  7,  1879. 

The  project  proposes  the  construction  of  three  spurs  from  the  right 
bank  and  one  from  the  left  bank,  with  a  view  to  contracting  the  natural 
water-way.  It  is  proposed  to  expend  during  this  season  the  amount 
now  available  in  commencing  work  under  the  project  indicated. 

ABSTRACT  OF  APPROPRIATION. 

By  acl  approved  Jane  14,  1880 $10,000  00 

Money  statement 

Amotint  appropriated  by  act  approved  Jane  14,  1880 $10, 000  00 

Jnly  1,  1H80,  amount  available 10,000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 20, 94.5  75 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    20, 945  75 


S   12. 


IMPROVEMENT  OF  NAVIGATION  OF  THE  MISSISSIPPI  RIVER  AT  QUINCY, 

ILLINOIS. 

The  act  of  Congress  approved  June  18, 1878,  provided  for  a  survey 
or  examination  of  the  harbor  of  Quincy. 

A  report  on  the  survey  with  estimates  of  cost  of  improvements  was 
submitted  by  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  under  date  of 
January  13, 1879. 

An  appropriation  of  $20,000  for  improving  navigation  of  Mississippi 
River  at  Quincy,  III.,  was  made  by  act  of  Congress  approved  March  3, 
1870,  and  a  project  for  the  expenditure  of  this  money  was  submitted 
April  8,  1870.  This  project  was  the  same  as  in  that  portion  of  the  report 
of  January  13,  1879,  which  referred  to  improvements  in  the  Mississippi 
River  proper,  and  consisted  in  the  construction  of  certain  wing  and 
closing  dams  for  the  removal  of  Quincy  Bar. 

Proposals  for  this  work  were  asked  for  by  advertisement  in  several 
papers,  and  coming  in  this  way  to  the  knowledge  of  the  citizens  of 
Quincy,  the  mayor  of  that  city  addressed  a  letter  to  the  Secretary  of 
War  requesting  that  if  possible  a  portion  of  the  appropriation  might  be 
expended  for  the  improvement  of  Quincy  Bay.    Tliis  letter  was  referred 
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to  me,  and  I  Bubmitted  a  report  dated  August  16,  1879,  which  sug- 
gested that  if  it  was  deemed  expedient  and  admissible  the  sum  of  $10,000 
could  be  expended  in  dredging  in  Quincy  Bay,  as  the  remaining  $10,000 
expended  on  the  river  would  afford  as  much  relief  as  was  being  given 
at  other  troublesome  points.  In  reply  to  this  report  I  received  the 
following : 

Office  of  the  Chief  of  Engineeks,       i 
WashingUm,  D.  C,  Juffftst2n,  1879. 

Sir  :  The  following  was  telegraphed  you  to-day,  and  is  herehy  conflrmed : 
'^Secretary  of  War  decides  that  application  of  $10,000  of  appropriation  for  Missis- 
sippi River  at  Qnincy  is  applicable  to  dredging  the  bay,  and  yon  are  authorized  SC' 
cordingly."  "  '' 

By  command  of  Brigadier-General  Wright. 
Very  respectfully,  your  obedient  Ber\'ant, 

Geo.  H.  Eluot,        j 
Majorof  Engineen. 
Capt.  A.  Mackenzie, 

Corps  of  Engineers, 

The  work  of  constructing  dams  was  commenced  October  15  under  con- 
tract with  Whitney  and  son  Deoember  11.  Two  spur  dams  were  built 
out  from  the  right  bank  of  the  river:  the  first  (No.  1,  sheet  68)  starts 
about  2,600  feet  below  the  railroad  bridge  and  is  some  1,500  feet  in 
length;  the  second  (No.  2,  sheet  68)  runs  out  from  head  of  Island  427  and 
is  completed  for  a  length  of  300  feet,  leaving  some  600  feet  yet  to  be 
built. 

The  dredging  in  Quincy  Bay  was  begun  under  a  contract  with  Whit- 
ney &  Son,  October  13,  1879,  continued  until  December  11,  regumed 
February  17, 1880,  and  closed  May  11,  in  consequence  of  appropriation 
being  expended.  Channels  4  feet  deep  at  low-water  were  dredged 
through  the  bars  both  below  and  above  the  railroad  bridge^  the  former 
being  200  feet  and  the  latter  100  feet  in  width. 

A  survey  in  the  vicinity  of  Quincy  made  in  November,  1878,  showed 
a  very  narrow  4-foot  channel  across  the  bar.  In  the  fall  of  1879  this 
crossing  became  shoaler  and  more  troublesome  than  for  several  years 
previous.  A  survey  made  in  May,  1880,  since  the  construction  of  the 
dams,  indicates  most  beneficial  results,  and  shows  a  wide  and  deep  chan- 
nel across  the  bar.  The  latter  survey  was  made  at  the  comparatively 
high  stage  of  8  feet  above  low-w^ater  and  its  results  are  therefore  not 
given  in  detail.  A  thorough  low-water  examination  will  be  made  in  the 
fall,  when  the  results  can  be  more  accurately  determined  and  reported, 
I  think  that  but  little  more  work  will  be  required  to  render  the  channel 
in  the  immediate  vicinity  of  Quincy  permanently  good,  but  just  l>elow 
the  city  the  bank  is  caving  for  a  long  distance,  and  its  protection  in 
the  near  future  may  become  necessary.  This  work  would  properly  come 
under  this  appropriation,  although  it  was  not  considered  in  the  original 
report  and  estimate  of  January  13,  1879. 

The  project  submitted  January  13,  1879,  has  not  yet  been  approved 
or  ordered  to  be  carried  out,  but  as  the  appropriations  made  by  Con- 
gress are  based  upon  this  report,  and  a  decision  has  been  rendered  by 
the  Secretary  of  War  that  the  money  a])propriated  under  the  title  of 
^<  Improving  navigation  of  Mississippi  River  at  Quincy,  111.,"  can  be 
properly  expended  in  the  bay,  I  assume  that  I  am  restricted  in  my 
recommendations  to  this  project,  and  would  therefore  respectfully  re- 
commend that  of  the  $25,000  appropriated  by  act  approved  June  14, 
1880,  the  sum  of  $10,000  be  expended  in  continuing  dredging  in  Quincy 
Bay,  and  that  the  balance  be  reserved  until  a  thorough  low-water  ex- 
amination shows  the  condition  of  the  bank  below  the  city  and  what  work 
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may  still  be  required  in  the  river  for  Becuring  the  permanency  of  the 
channel.  In  this  case  as  in  many  others  it  is  impossible  to  make  other 
than  an  approximate  project  and  estimate  for  improvements  to  be  made 
in  the  future  or  after  a  year  or  more  has  elapsed,  inasmuch  as  the  fre- 
quent changes  which  take  place  in  the  river  channels  may  necessitate 
a  radical  change  of  plan,  and  x>erhaps  an  increase  of  cost  of  the  work. 
If  the  project  for  improving  Qnincy  Bay  is  to  be  carried  out,  the  sum  of 
$50,000  can  be  profitably  expended  on  this  work  during  the  fiscal  year 
ending  June  30,  1882. 

Summary  of  work  for  fiwal  year  ending  June  30,  1880. 


Deaoription. 


I 


$1 

<  0 

s  ® 


■rf! 
i 

11 


Dun  Ko.  1  (sheet  68),  1,500  linoM* feet >    0,877.8 

Dud  Ka  2  <eheet  08),  800  Unetf  feet <       988.8 


3.442 
851 


1 

mm'  O 


Dredging  In  Quiocy  ^y JI!!*.*.l'.."il!".'.!i;!'.I".!.*!! {  48,*900.'4 


i 
4 


0,47L7e 
1,29&51 
7.581.07 


Totals '    7,81L1 

Bnglneeting  snd  oontlngenoies 


2.708  .  48.900.4 


Total  emoimt  expended 


18»802.84 
1.445i04 


10,747.28 


ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  March  3,  1879 $5M),000 

By  act  approved  June  14,  1880 25,000 

Total 46,000 

Money  statement 

July  1, 1879,  amount  available^ $20,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 25, 000  00 

July  1 ,  1880,  amount  expended  during  fiscal  year 19, 622  28 

July  1,  1880,  outstanding  liabilities 125  00 


$45,000  00 


19,747  28 


July  1,  1880,  amount  available 25,252  72 


Amount  (estimated)  required  for  completion  of  existing  project 179, 109  87 

Amount  that  can  be  profitably  expended  in  tiscal  year  ending  June  30, 1882.     50, 000  00 


Abstract  of  proponalM  received  and  opened  this  ^27th  day  of  August^  1879,  hy  ('apt  A.  Mac- 
kenzie j  Corp%of  EngiHeerSf  U.  S.  J.,  for  building  dame  and  shore  protections  of  brush 
and  stoney  near  Quincy^  lit. 


a 


If  ames  end  residences  of  bidders. 


8,000  cubic  yards 
stone. 


Per  cnbic 
yard. 


I 


Aroonnt 


8,000  cnbic  yards 
brush. 


Per  cubic  i 
yard. 


Amount 


Aggregate. 


1  H.  S.Brown,  Hamilton,  111  

2  '  IiVitin  &  Co.,  Saint  Louis,  Mo 

3  '  Wliltney  St  Son,  Keokuk,  Iowa 

4  '  1^.   B.  Lark  worthy.  Qnincy,  HI 

5  '  Samuel  S.  Sample,  Keokuk,  Iowa 

6  ITred.  W.  Henke  and  J.  H.  Bitler, 

Qnincy,  HI. 

f 


$1  30 


1 
1 
1 
1 
1 


eo 

15 
18 
00 
10 


$11,  700 
14,400 
10,350 
10,620  i 
9,810  , 
10, 710 


$0  90 
80 
64 
64 
82 


17,200 
6,400 
5,120 
5,120 
0,560 
6,520 


$18,900 
20,800 
15, 470 
15,740 
16,370 
16,230 
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S  13. 

IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AT  HANNIBAL,  MISSOURI. 

Under  instructions  from  the  office  of  the  Chief  of  Engineers,  a  report 
was  made  January  17,  1880,  chiefly  from  data  in  this  office,  upon  ob- 
structions in  the  Mississippi  River  in  the  vicinity  of  Hannibal,  Mo. 
This  report,  which  was  intended  simply  as  a  preliminary  one,  not  having 
been  preceded  by  an  adequate  survey,  contains  a  project  for  the  im- 
provement of  the  river  at  Hannibal. 

Said  project  proposes :  1.  The  removal  of  a  large  gravel  bar  lying 
along  the  front  of  the  city.  2.  The  confining  of  the  main  channel  and 
principal  current  to  the  Missouri  shore,  to  be  effected  by  wing-dams 
thrown  out  from  the  Illinois  shore ;  the  closing  of  Glasscox  Island  Chut«, 
and  protection  of  a  portion  of  the  west  side  of  that  island. 

It  is  proposed  to  defer  the  expenditure  of  the  amount  now  available 
until  a  thorough  low- water  survey  shall  enable  us  to  make  more  definite 
plans  and  estimates. 

ABSTRACT  OF  APPROPRIATIONS.  ' 

For  iin proving  Mississippi  Kiver  at  Hannibal,  Mo.,  by  act  approved  Jiiue  14, 

1880 $25,000 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 |25, 000  00 

July  1,  1H80,  amount  available 25,000  00 

Amount  (estimated)  reauired  for  completion  of  existing  project 35, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .  35,  OOO  00 


special  bepobt.' 

United  States  Enoinbeb  Ofpiob, 

Bock  Island,  III.,  January  17,  1880. 

Genebal  :  As  instructed,  as  per  indorsement  from  office  of  the  Chief 
of  Engineers,  dated  January  13,  1880,  on  letter  written  by  the  Hon.  W. 
H.  Hatch  to  the  honorable  the  Secretary  of  War,  I  have  the  honor  t-o  re 
port  as  follows : 

During  November,  1879,  by  direction  of  the  Chief  of  Engineers,  a 
dredge  was  sent  to  Hannibal  and  a  little  work  for  the  temporary  relief 
of  the  steamboat  landing  done. 

While  this  work  was  going  on  some  soundings  were  taken  in  the  vi- 
cinity, and  the  results  are  shown  on  the  accompanying  tracing. 

A  large  gravel  bar,  about  one-half  mile  in  length,  lies  along  the  Mis 
souri  shore  above  the  Hannibal  landing,  and  causes  a  continual  de])08it 
in  front  of  the  city  wharf.    This  bar  should  be  removed. 

To  confine  the  current  to  the  Missouri  shore  and  hold  the  sand-bars 
opposite  Hannibal,  dams  should  be  thrown  out  from  the  Illinois  shore. 

The  shoaling  caused  by  these  dams  will  probably  destroy  the  present 
ferry  landing,  and  therefore  one  of  the  dams  should  be  built  in  the  form 
of  a  causeway,  furnishing  a  new  landing  in  deep  water. 

The  first  work  to  be  done  would  be  the  removal  of  the  gravel  bar,  the 
construction  of  causeway  or  dam  No.  2,  the  construction  of  a  low  dam 
from  the  Illinois  shore  to  Glasscox  Island,  and  1,000  feet  of  shore  pro- 
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tection  on  the  west  side  of  the  island,  as  shown  on  the  accompanying 
tracing. 

Should  these  dams  fail  to  confine  the  channel  to  the  Missouri  shore, 
dams  Nos.  1  and  3  could  be  subsequently  built. 

The  material  removed  from  the  bar  can  be  used  in  the  construction  of 
dams. 

RSTIMATE9. 

For  remoTal  of  bar,  60,000  cubic  yards  of  gravel  and  clay,  at  50  cents  per 
cubic  yard ! $30,000 

For  dam  No.  2,  about  1,000  feet  long  and  12  feet  higb,  containing  10,000  cubic 
yards,  at  ^1.25  per  cubic  yard 12, 500 

For  closing  dam  ^o.  4,  behind  Glasscox  Island,  containing  6,000  cubic  yards, 
at  $1.25  per  cubic  yard 7, 500 

For  1,000  feet  shore  protection,  at  $2.50 2,500 

Total 40,000 

This  work  could  be  done  in  one  season  if  commenced  at  an  early  date. 

Should  the  above  work  prove  insufficient  and  dams  Nos.  1  and  3  be 

subsequently  found  necessary,  they  would  cost  approximately  as  follows : 

Dam  No.  1 $5,000 

Dam  No.  3 15,000 

Total 20,000 

The  price  estimated  for  dredging  is  very  large  and  undoubtedly  it  can 
be  done  for  much  less,  but  the  uncertainty  as  to  hardness  and  the  small 
number  of  dredges  at  present  available  for  such  work  render  it  unsafe 
to  reduce  the  estimate. 

Very  respectfully,  your  obedient  servant. 

A.  Mackenzie, 

Captain  of  Engineers. 

The  Chief  of  Engineebs,  U.  S.  A. 


S  14. 

protecting  piers   at   bock   island  bridge   by  means   OF  SHEER. 

BOOMS. 

The  sheer-boom  built  and  placed  in  position  in  May,  1878,  for  the  pro- 
tection and  guidance  of  rafts  passing  the  Bock  Island  Bridge  was  of  but 
little  service  during  the  low- water  season  of  1879.  At  low- water  stages, 
owing  to  the  narrow  channels  in  the  upper  river  and  on  the  rapids,  rafts 
are  made  of  smaller  size  than  at  high  stages,  seldom  exceeding  8  or  9 
strings  in  width,  which,  with  the  tow-boat  attached,  readily  pass  through 
the  outer  draw  opening,  there  being  no  necessity  for  using  either  raft- 
span  or  sheer-boom.  At  the  close  of  season  of  1879  the  booms  were 
towed  into  winter  quarters  in  Sylvan  Wat-er. 

On  account  of  the  small  balance  of  appropriation  remaining,  the 
booms  were  not  put  in  position  at  the  opening  of  navigation  of  1880. 

On  March  26,  1880,  they  were  turned  over  to  Maj.  D.  W.  Flagler, 
Ordnance  Department,  commanding  Kock  Island  Arsenal. 

Tlie  absence  of  the  main  boom  during  the  high-water  of  this  spring 
developed  its  usefulness  at  such  periods,  as  a  number  of  rafts  were 
daalied  to  pieces  on  the  bridge  piers,  which  might  have  been  avoided 
had    the  boom  been  in  position.    In  the  early  part  of  May  the  sheer- 
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boom  was,  at  my  request,  kindly  pat  in  place  by  Major  Flagler,  and  hag 
since  that  time  been  carexl  for  by  him.  As  the  appropriation  made  by 
act  approved  June  14,  1880,  of  $1,000,  and  calling  for  an  equal  som  ftom 
the  Chicago,  Rock  Island  and  Pacific  Kailroad  Company,  provides  for 
the  care  of  the  sLeer-booms,  I  would  respectfully  suggest  that  they  be 
again  placed  in  charge  of  the  Engineer  Department. 

ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  August  14,  18t6  $15,000 

By  act  approved  June  14,  1880 1,000 

Total 16,000 

Money  statement 

July  1,  1879,  amount  available |723  74 

Amount  appropriated  by  act  approved  June  14, 1880 1, 000  00 

$1,723  74 

July  1,  1880,  amount  expended  during  fiscal  year 407  75 

July  1,  1880,  amount  available 1,315« 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     1, 000  09 


S  15. 

IMPROVEMENT  OF  GALENA  RIVER  AND  HARBOR,  ILLINOIS. 

A  report  on  a  survey  of  Galena  Eiver,  submitted  by  Maj.  F.  U. 
Farqnhar,  Corps  of  Engineers,  December  29,  1873  (Report  Chief  of 
Engineers  1874,  Part  I,  page  289),  suggests  a  plan  of  improvement,  tbe 
cost  of  which  is  estimated  at  $400,(K)0.  Dredging  was  commenced 
September  16,  1878,  in  accordance  with  the  proposed  plan,  and  has  bees 
continued  during  the  past  fiscal  year  under  two  contracts:  1.  An  exten* 
49ion  granted  H.  S.  Brown  &  Co.,  who  completed  their  work  August  7, 
1879;  and,  2.  A  contract  with  Whitney  &  Son,  who  commenced  work 
April  11, 1880. 

For  the  purpose  of  furnishing  relief  to  the  commerce  of  this  river  as 
soon  as  possible,  a  narrow  cut  affording  4^  feet  at  low-wat^er  is  first  being 
made  over  the  entire  length.  A  t  present  date  this  cut,  which  commenced 
at  the  mouth,  is  within  7,900  feet  of  Galena,  and  it  can  be  completed 
with  the  money  now  available.  As  new  appropriations  permit  a  con- 
tinuation of  the  work,  this  cut  will  be  widened. 

An  excellent  survey  of  the  river  from  Galena  to  its  junction  with  the 
Mississippi  was  made  by  Inspector  J.  0.  McElherne,  in  August,  1879. 

Eesults  accomplished  to  June  30,  1880 :  A  channel  5^  miles  long,  35 
to  100  feet  wide,  and  affording  a  least  depth  of  4  feet  at  low- water,  has 
been  cut  from  the  mouth  of  the  river  to  a  point  1^  miles  from  the  city  of 
Galena.    Total  excavation,  174,696  cubic  yards  mad  and  sand. 

SUMMARY   FOB  FISCAL  YEAR  KXDING  JUNE  30,  1880. 

72,902.40  cubic  yards  material  excavated f  i:i»  067  17 

Superintendence,  office  expenses,  &c 1,270  95 

Total  expended 14,338  12 

The  $12,000  appropriated  for  fiscal  year  ending  June  30, 1881,  will  be 
expended  in  continuing  dredging. 
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COMMBRCIAL  STATISTICS. 

Shipments  for  one  month  of  1879: 

Hog  prodnot pounds. .  2, 278,  OOO 

Lead do....  460,000 

Grain bnshels..  370,000 

Hides pounds..  45,000 

Zinc  ore ' do 74,400 

Lumber    : feet..  518,145 

Qeneral  merchandise 1 pounds. .  220,  OOO 

ABSTRACT  OF   APPROPRIATIONS. 

By  act  approved  June  18,  1878 $30,000 

By  act  approved  March  3,  1879 12,000 

By  act  approved  June  14,  1880 12,000 

54,000 

Money  statement. 

July  1,  1879,  amount  available $17,981  07 

Amount  appropriated  by  act  approved  June  14,  1880 12, 000  00 

$29,981  or 

July  1,  1880,  amount  expended  during  fiscal  year 13, 351  23 

July  1, 1880.  outstanding  liabilities 986  89 

14,338  12 

July  1,  1880,  amount  available 15,642  95 

Amount  (estimated)  required  for  completion  of  existing  project 346, 000  00 

Amount  that  can  be  profitably  expended  i  n  fiscal  year  ending  J  ane  30, 1882 .      50, 000  09 


Abstract  of  proponals  received  and  opened  August  27,  1879,  hy  Capt  A,  Mackenzie,  Corpe  of 

EngineerSy  U,  8,  Armyy  for  dredging  in  the  Galena  River, 


m 

I 

a 


1 

2 


W4 


bidder..  ||^|  ^  ||^^  ,  ^^^     "c..^!   ^  I  I     ^^        gate. 


^       N 


Ouhic  yd.   Chibie  yd.   ChU>ie  yd,  i  Cubic  yd. ,  Oubie  yd.  Chtbie  yd. '  Cubic  yd. 

H.  S.  Brown,  Hamiltom          |0  ao  !       $0  27          $0  20          fO  24          $0  22  |0  20  ,         $1  4» 

Whitney  &  Son,  Keokuk,              27  !            25  ,            22  |            20  j            17  15             1  26 
Iowa. 


S  i6. 

IMPROVEMENT  OF  CUIVRE  RIVER. 

The  act  of  Congress  approved  March  3,  1879,  provided  for  a  survey- 
or examination  and  estimates  of  cost  of  im"provement  of  Guivre  River, 
Missouri. 

Tbis  survey  was  assigned  to  me,  and  $600  allotted  for  the  work.  The 
survey  was  made  in  the  fall  of  1879,  and  a  report  submitted  January 
10,  1880,  which  is  printed  in  Senate  Ex.  Doc.  No.  36,  Forty-sixth  Con- 
gress, second  session. 

Tbe  project  contained  in  the  above  report  proposed : 

1.  The  excavation,  by  dredging,  of  a  channel  80  feet  wide  through  the 
four  shoals  in  the  Cuivre  Biver. 
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2.  The  excavatioD,  by  dredging,  of  a  chanuel  100  feet  wide  through 
the  three  sand-bars  in  the  upper  part  of  Cnivre  Sloagh. 

3.  The  construction  of  a  dam  with  its  crest  6  feet  above  low-water 
across  the  lower  part  of  Cuivre  Slough,  for  the  purpose  of  backing  up, 
and  thereby  increasing  the  depth  in  the  up]>er  part  of  the  slough. 

4.  The  remoTal  of  snags,  wrecks,  and  overhanging  timber. 

The  above  project  was  made  with  reference  to  a  2  flbet  minimam 
depth  on  the  bars  at  extreme  low- water. 

It  is  proposed  to  apply  the  amount  now  available,  or  as  much  of  it  as 
may  be  necessary,  to  the  removal  of  snags,  wrecks,  and  overhanging 
timber  during  the  piresent  season. 

ABSTRACT  OF  APPROPRIATION. 

By  act  approved  June  14,  1880 |2,000 

Money  statement 

Amount  appropriat<ed  by  act  approved  June  14,  le80 1*2,000  00 

July  1, 1880,  amount  available 2,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 28, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .  28, 000  00 


examination  and  survey  op  cuivke  eiver,  kissoubi. 

United  States  Engineer  Office, 

Rock  Island^  IlLy  December  29, 1879. 

General  :  I  have  the  honor  to  submit  herewith  map  of  Goivre  Birer, 
Missoari,  together  with  a  report  apon  the  survey  and  examination  of 
this  stream,  made  in  accordance  with  your  instructions  dated  July  25^ 
1879. 

A  preliminary  examination  of  the  river  showed  that  a  point  koown 
as  *' Chain  of  Rocks,"  14^  miles  from  the  mouth  of  Cuivre  River.^  might 
be  properly  considered  as  the  head  of  navigation. 

From  this  point  to  the  mouth  a  good  depth  of  water  was  found  in  the 
stream,  excepting  at  four  points,  where  gravel  t)ars  formed  obstructioo^ 
to  navigation  during  ordinary  stages. 

Cuts  through  these  gravel  bars  80  feet  wide,  and  averaging  2  feet 
deep,  and  the  removal  of  snags  will  render  the  river  navigable  for  boats 
drawing  4  feet  at  ordinary  stages  of  low- water. 

From  the  character  of  the  stream,  its  banks  and  bed,  and  the  absence 
of  all  current  except  in  times  of  freshets^  it  can  be  assumed  that  the  im- 
provement of  the  river  proper  would  be  reasonably  permanent. 

The  river  empties  into  Cuivre  Slough,  which  connects  it  with  the  main 
channel  of  the  Mississippi  River. 

This  slough  being  filled  with  moving  sand,  and  fresh  supplies  of  sand 
above  being  ready  to  move  in  during  high  water,  its  improvement  pre- 
sents difficulties,  and  permanency  cannot  be  insured. 

The  plan  of  improvement  proposed  is  by  a  dam  at  the  lower  end  of 
the  slough,  to  raise  the  water  at  the  mouth  of  the  river  about  1  foot^  and 
by  doing  away  with  current  through  slough  at  ordinary  stages  of  the 
river,  to  enable  a  dredge  to  cut  a  chanuel  through  the  thin  bars  io  up- 
per branch  of  slough,  which  channel  will  probably  be  permanent  until 
the  next  high- water  following  the  improvement. 

To  insure  a  permanent  channel  a  little  dredging  must  be  provided  for 


I 
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yearly.    The  approximate  cost  of  the  improvement  of  the  river  and 
slough  BO  as  to  give  4  feet  of  water  at  a  2-foot  stage  is  $30,000. 

A  very  rich  country  is  tributary  to  the  river,  and  undoubtedly  much 

good  would  result  from  its  improvement ;  but,  as  no  reliable  statistics 

could  be  obtained,  it  is  impossible  to  give  more  than  an  approximate 

comparison  of  results,  with  the  cost. 

The  detailed  report  of  Assistant  Engineer  0.  W.  Durham  is  appended. 

Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 


The  Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineers, 


report  of  mr.  c.  w.  durham^  a88i8tant  engineer. 

United  States  Engineer  Office, 

Hock  Island,  III,  December  24,  1879. 

Captain  :  I  have  the  houor  to  prewnt  the  following  report  and  accompanying  map 
of  a  survey  of  the  Cuivre  River,  Missoari,  made,  under  your  direction,  by  Assiatant  J. 
H.  Morrison*  November,  1879.  The  report-  includes  a  plan  and  estimate  for  the  im- 
provement of  the  river  from  Chain  of  Rocks  to  its  moutn,  a  distance  of  14^  miles,  and 
aiHO  for  the  improvement  of  the  slough  into  which  it  debouches,  in  order  to  make  a 
navigable  outlet  to  the  main  channA  of  the  Mississippi  River.  I  have  made  use  of 
much  information  contained  in  the  excellent  report  oi  Mr.  A.  H.  Blaisdell,  assistant 
engineer,  on  a  survey  of  this  river  made  by  him  under  direction  of  Lieut.  Col.  W.  F. 
Reynolds,  Cor|)S  of  Enginec»r8,  August,  1871,  which  report  may  bi*  found  in  the  Report 
of  the  Chief  of  Engineers  for  1872,  page  391. 

description. 

The  Cuivre  River  is  formed  by  the  junction  of  the  North  and  West  Forks,  the  for- 
mer rising  in  Ralls  and  the  latter  in  Audrain  Coimty.  Both  forks  are  augmented 
by  numerous  small  streams,  which  scarcely  deserve  the  name  of  creeks  in  the 
dr>'  season,  but  in  times  of  continued  rain,  flowing  as  they  do  fn>m  the  high  blufEs, 
they  become  turbulent  in  their  character,  and  bring  considerable  sediment  into  the 
stream  to  which  they  are  tributary.  The  general  trend  of  the  river  is  easterly,  through 
Lincoln  and  Saint  Charles  Counties,  pursuing,  however,  a  very  tortuous  and  winding 
course,  with  many  sharp  bends  ana  elbows.  The  total  drainage  area  is  about  1,6(R) 
square  miles. 

MOSCOW  MIIXS  TO  CHAIN  OF  ROCKS. 

The  upper  portion  of  the  river  from  Moscow  Mills  to  Chain  of  Rocks  is  full  of  shoals  and 
narrow  passages  or  island  chutes,  with  insufficient  water  at  low  stages  to  float  a  skiif. 
Great  numbers  of  snags  and  dri^  piles  also  add  to  the  difficulties  of  navigation,  in 
view  of  which  facts  it  was- considered  inadvisable  to  make  plans  and  estimates  for  the 
improvement  of  this  part  of  the  river,  as  the  business  is  not  commensurate  with  the 
enormous  cost  which  would  result  if  any  effectual  improvement  were  attempted. 

CHAIN   OF   ROCKS  TO  MOUTH   OF   RIVER. 

The  lower  portion  of  the  river  from  Chain  of  Rocks  to  its  mouth  is  included  within 
the  HC'OiHj  of  this  survey,  and  for  the  improvement  of  this  portion  plans  and  estimates 
are  aubmitted.  It  rcMMnbles  in  character  the  bayous  of  the  Lower  Mississippi  and 
other  Southern  rvers,  there  being  no  perceptible  current  except  in  times  of  freshets, 
its  rise  and  fall  corresponding  with  the  fluctuations  of  water-surface  in  the  larger 
river.      It  varies  in  width  from  300  feet  at  mouth  to  150  fi»et  at  Chain  of  Rocks. 

A  little  below  Chain  of  Rocks  there  is  an  excellent  landing  with  ample  depth  of 
water.  Passing  down  the  river,  we  find  a  good  channel  of  from  4  to  9  feet  at  extreme 
low-vrater  for  about  1,000  feet,  when  Seed  Tick  Island  Bar  is  niached. 

Seed  Tick  Inland  Bar, — A  reach  of  shallow  water  about  2,000  feet  in  length.  A  portion 
of  tbiH  bar  is  dry  at  low-water,  and  the  average  depth  is  only  a  few  inches.  It  forms 
the  ^rorst  obstruction  in  that  part  of  the  river  under  consideration.  From  here  to 
Flood's  Bar,  about  half  mile  below  Monroe,  a  distance  of  some  four  and  a  half  miles, 
vre  find  from  4^  to  18  feet  of  water. 

Floods •  Bar, — About  850  feet  in  length,  with  an  average  depth  at  low- water  of  about 
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1  foot.    From  here  to  Shelton  Bar,  a  distance  of  nearly  two  miles,  we  have  from  4  to 
12  feet  iu  the  channel. 

Sktlton  Bar. — A  very  shallow  reach  about  650  feet  in  length,  situated  in  a  bend  of  the 
riverf  and  of  an  average  depth  of  about  6  inches  at  low-water,  a  great  part  of  it  being 
dry  at  that  stage. 

Moiri8on*8  Bar. — About  900  feet  below  Shelton  Bar;  550  feet  in  length,  and  of  an 
average  depth  at  low-water  of  about  6  inches. 

From  Morrison's  Bar  to  the  mouth  of  the  river,  a  distance  of  about  eight  miles,  there 
is  a  good  channel  of  from  4^  to  8  feet. 

The  bars  above  mentioned  are  composed  of  sand  and  gravel,  material  probably  easily 
taken  up  by  dredge. 

CUIVRB  6LOUOH. 

The  Cnivre  River  empties  into  the  Mississippi  River  through  Cuivre  Slough,  in- 
cluded between  Cnivre  Island  (No.  504)  and  the  Missouri  shore.  In  the  slough  eoing 
9oui^  from  the  mouth  of  the  river  the  water  is  very  shoal,  and  hardly  susceptiole  « 
effectuiU  improvement  without  great  expense.  Going  nor^  we  find  much  better  depth, 
there  being,  however,  three  shallow  tond-bars,  which  may  be  removed  by  dredge  at 
inconsiderable  cost.    These  are^ 

Cuivre  Shugk  Bar  No.  1.  Near  head  of  Cuivre  Island,  700  feet  long,  and  of  an  avei- 
age  depth  at  low- water  of  about  1  foot. 

Cuivre  Slough  Bar  No.  3.  About  900  feet  long ;  average  depth,  1  foot. 

Cuivre  SUmgh  Bar  No.  3.  Near  mouth  of  Cuivre  River ;  850  feet  long;  average  depth, 
about  9  inches. 

With  the  exception  of  these  ban,  there  is  a  good  passage  to  the  channel  of  the  Mi»- 
slssippi  River. 

SNA08. 

There  are  a  lar^e  number  of  snags  in  the  channel  between  Chain  of  Rocks  and 
the  mouth  of  the  river,  and  several  in  the  upper  part  of  Cuivre  Slough.  There  is  also 
considerable  overhanging  timber  and  a  sunken  barge  a  short  distance  below  Monroe. 

BRIDOB8. 

There  is  a  skew  draw-bridge  of  the  Saint  Louis  and  Keokuk  Railroad  near  Monroe, 
with  openings  of  60  feet.  There  being  no  current  in  the  river,  the  passage  of  the  bridgf 
can  be  safely  made  except  in  a  high  wind. 

STATISTICS. 

The  country  tributary  to  the  river  is  thickly  settled  and  in  a  high  state  of  cultiva- 
tion, the  products  being  wheat,  corn,  hay,  tobacco,  and  fruit.  Large  numbers  of 
cattle  and  hogs  are  annually  sent  to  market.  There  is  a  large  business  done  in  timber 
and  cord-wood,  cut  on  the  bottom-lands  adjacent  to  the  river.- 

Coal  and  iron  abound  in  Lincoln  County.  The  principal  shipping  point  is  Cbaio 
of  Rocks,  a  village  of  about  one  hundred  inhabit'ants.  At  Monroe  considerable  traffic 
is  carried  on.  It  was  impossible  to  obtain  accurate  statistics  of  the  amount  of  ship- 
ments, no  systematic  record  being  kept  by  shippers. 

PRO.JECT. 

For  the  improvement  of  Cuivre  River  and  Cuivre  Slongh,  a  minimum  depth  on  the 
shoals  of  2  feet  at  extreme  low-water  is  assumed  as  the  object  desired.  This  will 
afford  from  4  to  5  feet  during  the  greater  part  of  the  navigable  season  of  the  Upper  Mis- 
sissippi, or  for  about  six  months  in  the  year,  and  is  amply  sufficient,  l)eing  iu  fact 
nearly  as-  much  water  as  there  is  in  the  larger  stream  at  a  corresponding  stage.  Any 
increase  of  this  minimum  depth  would  greatly  augment  the  cost  of  the  proposed 
improvement,  an  may  be  seen  by  reference  to  the  2-foot  curves  drawn  on  the  map. 

I  would,  then,  respectfully  propose — 

1st.  The  excavatiim  by  dredging  of  a  channel  80  feet  wide,  aud  of  a  minimum  depth 
of  2  feet  at  low-water,  through  the  4  shoals  in  the  Cuivre  River.  As  there  is  no  jier- 
ceptible  current  and  but  very  little  sediment  in  this  part  of  the  river,  and  the  material 
of  the  bottom  and  shores  being  generally  of  a  comparatively  stable  nature,  it  is  believed 
that  no  addditional  work  would  be  necessary  for  many  years.  A  comparison  of  the  map 
of  this  survey  with  the  report  on  the  survey  of  1871  shows  but  a  trifiing  enlargement 
of  the  bars  during  the  intervening  period. 

2d.  The  excavation  by  dredging  of  a  channel  100  feet  in  width  and  of  a  mintmnm 
depth  of  2  feet  at  low- water  through  the  three  sand-bars,  in  the  upper  part  of  Cuivre 
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Slouch.  An  additional  width  of  20  feet  is  given,  as  the  material  is  less  stable,  and  the 
cut  18  m^re  liable  to  be  filled  with  shifting  sand.  It  is  believed,  however,  that  the 
work  will  be  reasonably  permanent,  and  that  a  few  days'  dredging  each  year  will  suf- 
fice to  keep  the  passage  open. 

3d.  The  construction  ot  a  dam  across  the  lower  part  of  Cuivre  Slough,  2,600  feet 
from  the  foot  of  Cuivre  Island.  The  dam  will  be  about  450  feet  lotie,  constructed  of 
brush  and  rock,  yith  its  crest  6  feet  above  low-water  mark.  With  the  necessary 
shore  protections  it  will  contain  about  3,000  cubic  yards  of  material,  and,  estimating 
for  this  quantity  placed  in  position  at  |1.50  per  cubic  yard,  will  cost  about  |4,500. 
This  dam  will  be  of  much  benefit  during  the  low  stages  by  backing  up  the  water  in 
the  slough  and  river,  and  b^  checking  the  current  wiU  prevent  in  preat  measure  the 
filling  up  of  the  upper  portion  of  the  slough  by  sand  from  the  Mississippi. 

4th.  Tne  removal  of  snags,  wrecks,  and  overhanging  timber.  The  estimate  for  this 
work  is  11,000. 

The  location  of  all  the  proposed  work  is  shown  on  the  map. 

Dredging  estimate. 


1 

2 
3 

4 
5 
6 
7 


Kftme. 


Cuivre  Slongb  Bar  No.  1 
CaiTTO  Slough  Bar  No.  2 
CuiTre  Sloueh  Bar  No.  8 

Morrison's  Bar 

SheltonBar 

Flood's  Bar 

Se«d  Tick  Island  Bar ... 


Total 


I 


MUet. 

0.5 
1.6 
1.8 
10.0 
10.2 
12.0 
1(L6 


J 


s. 


FeeL 

700 
000 
850 
550 
850 
850 
2,000 


Ft0t, 
1.6 
1.5 
2.0 
1.5 
2.6 
LO 
3.0 


3,888 
5,000 
6,296 
2,444 
6,296 
2.518 
17,778 


44,220 


Cost. 


$1,944 
2,500 
8,148 
1,222 
3,148 
1.250 
8,889 


22,110 


SUMMARY. 


Dred^ng  and  removal  of  44,220  cubic  yards  sand  and  gravel,  at  50  oents |22, 110 

Dam  across  Cuivre  Slouffh 4,500 

Removal  of  snags,  wrecks,  Slo , 1,000 

Engineering  contingencies,  &o 2,390 

Total  estimate 30,000 

These  figures  provide  for  the  improvement  of  the  upper  part  of  Cuivre  Slough  and 
of  Cnivre  River  to  Chaih  of  Rocks,  a  distance  of  16^  miles. 
Very  respectfully,  your  most  obedient  servant, 

C.  W.  Durham^ 
Aasietant  Engineer. 
Capt.  A.  Mackenzie, 

Corpe  of  EngineerSy  U,  S,  4* 
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IMPROVEMENT  OF  THE  DBS  MOINES  BAPIDS  OP  THE  MISSISSIPPI  BIYBB 

AND  OPERATING  THE  CANAL. 


REPORT  OF  CAPTAIN  AMOS  STICKNEY,  CORPS  OF  EXGIXEERS,  BVT, 
MAJOR  U.  S.  A.,  OFFICER  IX  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30,  1880. 

United  Stat:rs  Engineeb  Oppiob, 

Keokuk^  Iowa,  July  23, 1880. 

Genebal  :  I  have  the  honor  to  transmit  herewith  my  annual  report 
of  the  work  on  the  improvement  of  the  Des  Moines  Bapids  of  the  Mis- 
sissippi River  and  for  operating  and  maintaining  the  canal  under  my 
charge  during  the  fiscal  year  ending  June  30, 18^. 
Very  respectftiUy,  your  obedient  servant, 

Amos  Stickney, 
Captain  of  JEngineera, 
The  Chief  op  Engineebs,  U.  S.  A. 


IKPBOYEMENT  OF  DES  MOINES  BAPIDS,  MISSISSIPPI  BIYEB,  AND  OPEB- 

ATINa  THE  CANAL. 

The  work  has  consisted  principally  of  removal  of  rock  from  river  chan- 
nel, between  Nashville  and  Montrose,  by  means  of  a  stream-drilling 
scow  and  dredge ;  grading  and  inclosing  lock  grounds ;  laying  riprap- 
face  wall ;  operating  the  canal  for  navigation,  including  dredging  and 
repairs. 

All  work  on  this  improyement  during  the  past  year  has  been  done  by 
hiring  the  labor  and  purchasing  material  in  open' market. 

CHANNEL  EXCAVATION. 

The  scow  which  was  fitted  up  with  Ingersoll  steam-drills,  for  use  in 
drilling  and  blasting  rock  in  river  channel  between  Montrose  and  Nash- 
ville, and  which  waj9  described  in  the  annual  report  for  the  fiscal  year 
ending  June  30, 1879,  has  been  in  operation  during  the  greater  portion 
of  the  past  year. 

Owing  to  the  delay  caused  by  the  non-arrival  of  a  shipment  of  dyna- 
mite the  drilling  scow  did  not  commence  work  until  the  latter  part  of 
Aa^st,  1879.  The  work  has  continued  except  during  a  portion  of  the 
winter,  when  the  river  was  Arozen  over,  or  ice  running  so  thick  as  to 
prevent  the  handling  of  the  scow.  Some  very  useful  work  was  accom- 
plisbed  during  a  portion  of  the  winter  on  patches  of  rock,  whoae  prox- 
imity to  the  channel  used  by  steamers  macle  work,  except  during  a  ces- 
sation of  navigation,  very  slow  and  costly  if  not  impossible. 


1556  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U  8.  ARMY. 

Work  with  this  drilling  scow  is  conducted  as  follows :  Iron  tripods, 
resting  on  the  bottom  of  the  river,  are  locate<l  opposite  each  raoge  to 
be  worked  over,  parallel  to  the  channel-line  and  10  feet  distaut  from  it; 
their  i>ositions  lieiug  determined  by  an  instrument  from  established 
stations  on  shore. 

The  drilling  scow  is  moved  in  positions  parallel  to  the  tripods,  its 
length  being  up  and  down  stream,  the  distance  from  the  tripods  being 
determined  by  measurement  with  a  chain,  and  the  location  up  and  down 
stream  being  maintained  by  ranges  on  the  shore.  When  in  position 
for  work  the  spuds  are  set,  and  a  line  of  holes  3^  inches  diameter  and 
4  feet  apart  (16  in  all  if  so  many  are  required  on  one  line)  are  drilled  to 
a  depth  of  18  inches  below  grade :  a  small  flat  boat  is  then  brought 
alongside  the  scow,  and  from  this  flat-boat  the  work  of  filling  the  hole^) 
with  charges  of  dynamite  is  carried  on. 

A  long  copper  tube  2|  inches  diameter,  with  a  slot  one  inch  wide 
extending  its  entire  length,  is  first  inserted  in  the  down-stream  hole, 
and  a  stream  •of  water  from  a  steam  pump  is  carried  down  into  the 
hole  through  a  pii)e  attached  to  a  hose ;  this  is  for  the  purpose  of  wash- 
ing out  the  sand  and  gravel  which  in  some  places  is  carried  along  the 
bed  of  the  river  in  large  quantities.  After  the  hole  is  clean,  the  dyna 
mite,  made  up  into  cartridges  2^  inches  diameter  and  containing  ^  pound 
each,  is  passed  down  the  copper  tube,  the  wires  which  connect  with  the 
cap  contained  in  the  upper  cartridge  extending  out  through  the  slot; 
sand  is  then  poured  down  the  tube  to  weight  the  cartridge  and  so  pre 
Yf  nt  its  being  lifted  out  by  the  current. 

The  number  of  cartridges  placed  in  each  hole  is  regulated  by  the 
depth  of  hole.  Under  20  inches,  one ;  between  20  and  30  inches,  two: 
from  30  to  36  inches,  three.  After  an  entire  line  of  holes  ha«  been  filW 
in  this  mannef,  and  the  wires  connected  between  the  cartridges,  the  end 
wires  are  connected  with  heavier  insulateil  wires  run  on  reels  on  the 
drilling  scow  to  facilitate  paying  out.  The  spuds  are  then  raised,  ami 
the  scow  is  swung  out  of  danger,  usually  from  30  to  50  feet  from  tlic 
blast,  by  means  of  a  head-line  and  side-lines.  A  magneto-electric  blast 
ing  machine  is  connected  with  the  reels,  and  a  current  sent  through  the 
line  which  heats  the  platinum  wire  contained  in  the  exploders,  and  thn.< 
discharges  the  dynamite.  After  the  explosion  of  the  blast  the  scow  is 
moved  into  a  new  position,  4  feet  nearer  the  tripods  than  on  the  former 
occasion,  and  the  process  of  drilling  and  blasting  repeated  a«  before. 
By  this  method  there  is  the  advantage  of  working  back  from  a  face  cut 
ting  after  the  outside  line  of  holes  has  been  blasted. 

The  work  was  commenced  August  27,  on  a  long  reef  or  series  of  reefs 
on  the  east  side  of  channel,  nearly  opjwsite  Miller's  Run.  Owing  to  the 
peculiar  character  of  the  rock,  which  we  learned  only  by  experience,  and 
after  some  trouble  and  slight  delays  in  the  work,  the  depth  of  the  hole^ 
drilled  was  found  insufficient  (the  original  depth  used  in  drilling  being 
6  inches  below  grade).  Since  increasing  the  depth  to  18  inches  below 
grade  the  work  has  been  prosecuted  with  great  success. 

The  drilling  scow  was  moved  up  to  the  head  of  Montrose  coffer-dam 
Febniat  y  24,  and  excavation  of  channel  at  that  point  commenced. 

This  work  is  in  continuation  of  the  channel  excavated  by  cofFer-dam 
in  1875  and  1876. 

The  high-water  of  June  compelled  the  suspension  of  work  with  th(' 
drilling  scow,  and  the  scow,  flat-boats,  &c.,  were  moved  down  and  placetl 
in  the  canal  for  safety  June  24. 

The  character  of  the  rock  operated  on  varies  greatly  in  different  locali- 
ties and  at  different  depths  in  the  same  locality.    It  consists  of  compai't 


111_iIjIN"0    SOO'W 

for-  ik. 

ti    of  iKe  J>«aMoir\«a    RApida. 
So«l«.      S   r\  to  lin. 


APPENDIX   T. 


1557 


limestone  with  clierty  bands  and  shales^  sometimes  alternating  in  layers 
and  sometimes  consisting  of  only  one  of  these. 

The  shale  contains  many  geode  formations,  with  Millerite  zinc-blende 
and  calcite  crystals,  the  whole  series  of  rock  forming  a  conglomerate 
which  is  calculated  to  resist  a  rapid  movement  of  the  steam-drills. 

Where  the  rock  was  firm  compact  limestone  the  best  execution  was 
done,  both  in  drilling  and  iu  the  effect  of  the  blast ;  the  rock  seeming 
to  lift  np  from  the  seam  nearest  the  bottom  of  the  hole.  Where  the  rock 
consisted  largely  of  shale,  with  some  chert,  the  blast  was  expended  in 
creating  a  crater,  and  it  was  to  insure  keeping  the  highest  point  of  the 
Hides  of  these  craters  below  grade  that  the  depth  of  18  inches  below 
grade  for  the  hole  was  adopted. 

The  steam-dredge  belonging  to  this  work  was  employed  removing 
from  the  channel  rock  which  had  been  chiseled  in  previous  years  and 
rock  which  had  been  blasted  by  the  steam-drilling  scow  during  the  past 
year.  This  rock  was  placed  in  piles  along  the  Iowa  side  of  channel,  50 
feet  distant  from  the  channel  line,  and  these  piles  serve  to  indicate  the 
position  of  channel. 

During  the  prosecution  of  the  work  of  dredging  the  dredge  was  sev- 
eral times  run  into  by  passing  steamers  and  slightly  injured,  but  no 
serious  damage  was  done.  Some  repairs  were  necessitated,  which  will 
be  alluded  to  elsewhere  in  this  report. 

A  table  herewith  appended  shows  the  amount  of  work  performed  in 
excavating  channel  by  steam  dredge  and  drilling  scow,  together  with 
statistics  of  interest  regarding  the  drilling  scow  specially. 

The  drilling  scow  having  been  at  work  most  of  the  time  since  April 
11  (the  date  when  dredge  ceased  work  in  channel  excavation  and  moved 
into  canal),  there  remains  a  quantity  of  blasted  rock  yet  to  be  dredged. 

Summary  of  work  done  by  drilling  scow. 


S 

.a   . 

'Si 


a 


6  * 


I 


3,685 


8. 438      I       4, 782 


3.783 
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■Sua  S 
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•sis 
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a 


85 


58,370 


100,288 


*2,368 


*  The  number  of  vardn  blasted  as  given  sbore  refers  to  rock  above  grade;  »  considerably  groats 
qaantity  was  actually  blasted  in  order  to  make  sure  of  grade. 

SUMMARY  OP  WORK  DONE  BY  DREDGK. 


RemoTed  chiseled  rock cubic  yards..      913.8 

Removed  blasted  rock  up  to  April  11,  1880 do 1, 317 


Total  quantity  dredged 2/^:10.8 


Cost  per  cubic  yard  of  rock  blasted $3  08 

Cost  per  cubic  yard  of  rock  dredged  and  placed  iu  piles 2  09 


Total  cost  per  cubic  yard 


5  17 


A  considerably  greater  quantity  than  above  given  was  actually  dredged, 
oiTving  to  the  blasting  being  below  grade  at  points,  and  to  the  accuiua- 
lation  of  sediment.  The  cost  per  yard  is  the  whole  cost  of  blasting  and 
dredging  divided  by  the  number  of  yards  of  material  above  grade. 
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REPAIRS  TO  DREDGE,  DRILLING  SCOW,  ETC. 

During  the  winter  and  at  other  times  the  dredge  has  been  repaired  and 
improved.  The  old  auxiliary  engine  used  to  operate,  the  spuds  and 
capstans  having  become  worn  out  was  replaced  by  a  new  doublecylin- 
der  engine,  the  cranks  set  at  an  angle  of  90  degrees  with  each  other; 
the  valve  gear  consisting  of  forward  and  backing  eccentrics  on  each  side 
connected  with  a  common  reverse  lever,  so  that  the  engine  can  be  ran 
in  either  direction  without  trouble  from  standing  on  the  centers.  This 
engine  has  given  x>erfect  satisiaction  ever  since  it  has  been  in  use.  Gen- 
er^  repairs  have  been  made  to  the  machinery,  including  spud-gear  and 
spuds.  The  dipper  used  on  rock  work  was  thoroughly  repaired  dunng 
the  winter,  ^nd  new  steel  teeth  riveted  on.  The  deck  of  dredge  has 
been  repaired  by  the  insertion  of  some  new  plank  and  calking. 

On  June  27,  the  overturning  of  a  kettle  containing  boiling  tar,  which 
was  being  used  in  making  repairs,  caused  a  fire  iu  the  after  cabin  of  the 
dredge,  and  but  for  prompt  action  on  the  part  of  the  crew,  and  the  as- 
sistance rendered  by  crew  of  H.  S.  Brown's  dredge,  must  have  resulted 
in  the  total  destruction  of  the  hull  and  great  injury  to  the  madiineiy. 
The  fire  was,  however,  confined  to  the  after  cabin,  and  finaUy  extin* 
guished.  The  sides,  roof,  and  all  partitions  were  so  injured  as  to  make 
it  necessary  to  replace  them.  A  part  of  the  cabin  furniture  was  en  tirely 
destroyed.  None  of  the  framing  timbers  were  seriously  injured ;  and, 
as  the  fire  was  not  permitted  to  reach  the  machinery,  the  work  of  dredg- 
ing has  gone  on  without  interfuption. 

Carpenters  are  now  employed  restoring  the  cabin,  according  to  the 
original  plan. 

ScowSj  &e. — ^The  dump-scows  and  flat-boats  have  been  repaired  when 
necessary.  For  this  purpose  temporary  ways  have  been  established  on 
ground  owned  by  the  government  just  above  the  guard  lock,  this  being 
the  nearest  available  point  to  the  scene  of  operations  of  both  dredge 
and  drilling  scow. 

Two  capstans  have  been  placed  on  the  dump-scows  to  faci4itate  hand- 
ling them  in  the  river  current. 

The  drilling  scow  has  been  hauled  out  on  the  ways  and  thoroughly 
calked,  new  planking  being  inserted  where  required.  Two  capstans 
for  handling  the  scow  have  been  purchased  duriug  the  past  year,  and 
also  a  small  Cameron  steam-pump  for  use  in  supplying  water,  under 
high  pressure,  for  cleaning  the  drill-holes  of  sand  and  gravel. 

The  boiler  used  to  furnish  steam  to  the  lugersoll  steam  drills  is  an 
old  one,  having  been  in  use  on  this  work  since  August  20, 1873.  It  was 
originally  used  iu  pumping  out  cofifer-dams,  and  has  become  worn  out  in 
some  parts  During  the  month  of  May  leaks  started  ft*om  cracks  in  flae- 
-sheet  and  sides  of  firebox,  and  although  temporary  repairs  were  made 
at  the  time,  yet  it  was  found  necessary  to  have  thorough  repairs  made, 
including  a  new  flue-sheet  and  resetting  the  flues  and  a  new  chimney. 

While  it  was  at  the  boiler  shops,  a  manhole  was  cut  in  the  top,  and 
supplied  with  cover  clamps,  &c.,  to  facilitate  the  cleaning  of  the  fl^ues  and 
removal  of  scale. 

GRADING  AND  COMPLETING*  LOCK  GROUNDS,  ETC. 

At  the  lower  lock  it  was  found  necessary  to  protect  tlie  slope  between 
the  wagon  road  and  the  sluice  with  sod,  as  the  angle  of  slope  was  too 
great  to  admit  of  grass  seed  taking  root,  the  wash  from  rains  being  con- 
siderable.   Accordingly  this  portion  of  the  lock  grounds  was  covered 
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with  sod.  Fourteen  thousand  eight  hundred  square  feet  in  all  were  laid 
carefully  and  rolled.  The  season  being  very  favorable  it  has  taken 
root  and  is  growing  well.  Several  trees  which  have  been  injured  by 
frost  have  been  removed  and  new  trees  substituted. 

At  the  middle  lock  a  bridge  has  been  constructed  over  the  sluice  ex- 
actly similar  in  size  and  design  to  the  one  at  the  lower  lock,  a  row  of 
shade  trees  has  been  plant^  along  the  road  leading  through  the  lock 
grounds,  and  grass-seed  planted  on  both  sides  of  the  road. 

At  the  guanl  lock  a  force  of  carpenters,  laborers^  and  teams  have 
been  employed  constructing  a  fence  similar  in  design  to  the  middle 
and  lower  locks,  to  inclose  the  lock  grounds ;  in  grading  the  lock  grounds, 
and  constructing  permanent  roads  where  requlrod ;  in  rebuilding  the  old 
temporary  shops,  and  making  such  changes  in  them  as  were  necessary  to 
adapt  them  to  present  purposes  for  storage  and  repair  work  These 
buildings  are  generally  similar  to  those  mentioned  in  a  previous  annual 
report  as  having  been  constructed  at  the  lower  and  middle  locks. 
Painters  are  now  engaged  in  painting  all  exposed  wood- work  thoroughly 
in  two  coats. 

LAYING  Bl^PRAP  FACE  WALL. 

A  force  of  laborers  was  set  at  work  August  1  building  up  the  riprap 
face  wall  on  the  inside  of  the  river  embankment  of  canal,  and  on  the 
approaches  to  guard  lock,  and  a  small  quantity  of  wall  as  a  founda- 
tion for  a  wall  to  be  heareafter  constructed  about  one  mile  below 
Sandusky,  on  the  shore  side  of  canal;  the  stone  used  in  this  work 
being  delivered  on  the  bank  where  required  by  Messrs.  Wells,  Timber- 
man  &  Co.  This  work  was  continued  throughout  portions  of  the  months 
of  August,  September,  October,  November,  February,  and  March. 
Pour  thousand  and  twenty-three  cubic  yards  of  new  wall  were  laid  in 
the  canal. 

The  guide  pier  above  the  guard  lock  which  marks  the  position  of  the 
cbann^  was  found  to  be  in  very  bad  shape,  several  steamers  having 
collided  with  it  and  torn  the  stone  out  of  place.  A  gang  of  laborers 
was  set  to  work  rebuilding  it.  When  the  stone  was  partly  removed  it 
was  discovered  that  the  greater  portion  of  it  had  so  deteriorated  from  the 
action  of  the  frost  and  current  that  it  would  be  necessary  to  replace  it 
with  new  stone.  One  hundred  and  fifty  cubic  yards  of  new  wall  were 
laid  on  this  pier,  the  bottom  courses  for  a  distance  of  4  feet  above  low- 
water  being  laid  in  hydraulic  cement.  The  stone  originally  used  in  the 
construction  of  this  pier  had  been  taken  from  the  excavation  in  Nash- 
ville coifer-dam  No.  1,  and  had  seemed  sufficiently  good  for  the  purpose. 
Small  gangs  of  laborers  have  been  from  time  to  time  engaged  in  making 
slight  repairs  on  the  wall  on  inside  of  canal  embankment,  at  places 
where  stone  had  been  displaced  by  steamers  striking  it. 

The  bank  on  shore  side  about  one  mile  below  Sandusky  being  too  low 
to  admit  of  caiTying  the  wall  above  the  water  surface  and  there  being 
danger  of  the  railroad  embankment  washing,  a  force  of  men  and  teams 
were  employed  during  the  winter  months  when  the  canal  was  drained, 
in  hauling  material  with  which  to  raise  this  bank.  The  work  extended 
during  portions  of  the  months  of  January,  February,  and  March,  during 
which  time  the  bank  was  raised  to  a  point  2  feet  above  high-water  in 
canal,  and  the  front  protected  with  rough  stone  ready  for  wall  laying ; 
2,657  cubic  yards  of  earth  were  hauled  and  placed  in  the  bank  at  this 
time.  Since  the  opening  of  the  canal  for  the  season  of  1880  a  quantity 
of  refuse  stone  and  gravel  was  removed  from  the  guard-lock  grounds 
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daring  the  progress  of  the  grading,  conveyed  by  flat-boats  to  this  nev 
bank  and  plac^  qn  lop  as  an  additional  protection. 

OPERATING  AND  MAINTAINING  CANAL. 

The  canal  was  in  continuous  operation  without  serious  accident  or 
delay  during  the  season  of  1879,  until  December  9. 

On  December  1  the  use  of  the  hydraulic  machinery  for  operating  the 
lock  gates  was  discontinued,  the  joints  of  all  wat^er  conuectionB  vitli 
the  cylinders  broken,  and  the  wells  which  contain  the  cylinders  packed 
with  straw  to  prevent  a  recurrence  of  the  accident  of  the  previous  wint^. 

The  locks  were,  however,  operated  by  hand  for  the  accommodation  of 
stray  steamers  until  December  9,  when,  due  notice  having  been  given 
to  steaml)oatmen,  the  canal  was  closed  and  both  levels  drained. 

During  the  winter  at  the  three  locks  the  machinery  was  overhauled 
and  slight  general  repairs  made  b}"^  the  lock  hands. 

At  the  lower  lock  the  boiler  was  supplied  with  a  wooden  jacket  cov- 
ered with  Kussia  sheet  iron  and  secured  by  brass  bands.  Since  using 
the  boiler  protected  in  this  manner  a  considerable  economy  in  fuel  has 
been  effected. 

At  the  middle  lock  the  old  distributing  valve  which  had  given  trouble 
&om  leakage  was  replaced  by  a  new  valve  of  similar  size  and  design 
to  the  one  in  use  at  the  guard  lock,  and  this  new  valve  has  given  entire 
satisfaction  ever  since  it  has  been  in  use. 

The  canal  was  opened  for  navigation  in  the  spring  March  8, 1880,  aud 
continued  in  operation  until  June  24,  when,  on  account  of  very  high 
water  in  the  Mississippi,  it  was  closed  to  the  public. 

On  June  22  the  river  had  risen  to  a  level  with  the  water  in  the  canal^ 
and  both  sets  of  gates  at  the  lower  lock  were  thrown  open,  permitting 
steamers  to  pass  directly  through  this  lock.  The  water  continuing  to 
rise  the  lock-gates  were  entirely  submerged  on  the  24th,  and  although 
the  small  steamers  employed  in  towing  dredged  material  out  of  the 
canal  continued  to  pass  through,  yet  it  was  deemed  unsafe  for  large 
steameirs,  or  those  having  tows,  to  pass  through,  on  account  of  the 
danger  of  injury  to  the  exposed  portions  of  the  machinery. 

The  canal  was  accordingly  closed  on  the  24th  as  above  stated,  due 
notice  having  been  given  to  steamboatmen. 

The  water  continued  to  rise  until  it  became  stationary  on  June  2Sy  and 
on  June  2d  began  to  fall,  but  slowly. 

The  highest  point  reached  was  17.5  feet  above  low-water  maik  of 
1864,  being  .35  feet  higher  than  the  high-water  of  1876. 

The  lock- walls  were  submerged  to  a  depth  of  1.75  feet. 

Observation  thus  far  has  shown  no  injury  done  the  canal  as  the  result 
of  this  flood,  but  it  was  deemed  wise  to  put  a  small  force  of  laborers  at 
work  protecting  the  embankment  at  places  where  the  wall  had  not  been 
carried  to  its  full  height,  and  where  the  bank  threatened  to  cave. 

The  winter  rains  conveyed  a  great  quantity  of  sand,  gravel,  &c,,  from 
the  creeks  which  drain  into  the  canal,  and  besides  this  there  had  been 
an  accumulation  of  sand,  mud,  &c.,  ever  since  the  completion  of  the 
canal,  and  this  had  been  only  partially  removed  by  dredging  at  various 
times. 

At  a  i>oint  in  the  canal  opposite  Price's  Creek,  the  sand  had  formed  a 
bar  extending  entirely  across  the  canal,  and  so  high  as  to  practically 
blockade  passage.  At  this  point  a  force  of  laborers  and  teams  were  em- 
ployed during  the  minter,  when  the  canal  was  drained,  cutting  a  chan- 
nel 100  feet  \vi(le  down  to  grade,  in  order  to  admit  of  the  passage  of 
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steamers  when  the  canal  should  be  opened,  until  such  time  as  the 
dredge  conld  complete  the  work. 

The  dredge  belonging  to  this  work  was  employed  during  portions  of 
the  months  of  July  and  August,  1879,  and  of  April,  May^  and  June, 
1880,  in  removiDg  bars  which  had  formed  at  various  points  in  the  canal, 
notably  at  points  opposite  Price's  and  Lamallee's  creeks.  The  dredged 
material  was  towed  out  into  the  river  and  dumped ;  the  steamer  Cricket^ 
owned  and  operated  by  Messrs.  Wells,  Timberman  &  Co.,  being  em- 
ployed to  tow  the  loaded  dump  scows. 

The  dredge-steamer,  and  four  dump  scows,  constituting  the  outfit, 
owned  and  operated  by  H.  S.  Brown  &  Co.,  were  hired  to  assist  in  the 
work  of  removing  sand  and  mud  from  canal.  This  outfit  commenced 
work  May  10,  and  continued  working  up  to  June  30,  the  dredged  mate- 
rial being  dumped  in  the  river. 

SUMMARY  OP  WORK  DONE  IN  RKMOVING    SAND  AND     MUD    FROM    CANAL  FOR  FISCAL 

YEAR  ENDING  JUNE  30,  1880. 

Cabio  yards. 

Removed  by  teams  during  the  winter 1,1288.0 

Removed  by  United  States  dredge 26,496.5 

Removed  by  H.  S.  Browu  &  Co.^s  dredge 11,552.5 

TotttI 39,336.0 

In  my  last  annual  report  I  called  attention  to  the  necessity  of  build- 
ing a  part  of  the  lock-walls  higher  at  the  middle  and  lower  locks,  and 
placing  a  structure  to  facilitate  entrance  of  guard  lock,  and  made  esti- 
mates therefor.  The  amount  appropriated  for  this  improvement  for  the 
coming  season  is  so  small  that  it  will  allow  of  nothing  being  done  to  the 
lock-walls,  and  but  a  commencement  of  the  guard-lock  structure.  The 
other  work  remaining  to  be  done  on  the  canal  consists  principally  of 
building  riprap  face- wall,  and  the  funds  provided  will  permit  but  little 
to  be  done. 

The  cost  of  this  wall  will  be  increased  by  every  year's  delay,  owing  to 
the  wash  of  the  embankment. 

The  appropriation  for  operating  the  canal  this  year  is  $30,000,  a  reduc- 
tion of  $10,000  from  the  amount  estimated. 

The  canal  can  be  kept  in  operatit)n  with  the  amount  provided,  but 
a  large  amount  of  dredging  must  be  postponed,  and  portions  of  the 
canal  in  th«  vicinity  of  the  creeks  which  empty  into  it  will  be  reduced 
in  depth  and  navigable  width.  After  a  thorough  dredging  at  these 
points  it  is  probable  that  a  comparatively  small  amount  of  dredging  each 
year  will  keep  the  canal  in  good  condition,  and  the  annual  appropriation 
of  $30,000  will  be  sufficient  for  operating  and  maintaining,  except  in 
case  of  extraordinary  repairs. 

The  canal  is  at  present  in  good  navigable  condition,  with  normal  depth 
somewhat  reduced  at  points  opposite  creek  mouths.  The  locks  and  their 
machinery  are  in  good  order.  The  channel  of  the  river  from  the  head 
of  the  canal  to  Montrose  will,  with  a  little  dredging,  be  in  such  condi- 
tion that  boats  carefully  handled  will  have  no  difficulty  in  making  the 
passage,  except  in  times  of  high  wind. 

During  the  fiscal  year  ending  June  30, 1881,  it  is  proposed  to  continue 
the  excavation  of  the  river  channel  between  the  head  of  the  canal  and 
Montrose ;  commence  the  structure  of  cribs  and  timber  fenders  at  guard- 
lock  entrance ;  build  a  small  amount  of  riprap  face- wall,  and  continue 
operating  and  maintaining  the  canal  for  navigation.  It  is  proposed  to 
apply  the  amount  asked  for  the  fiscal  year  ending  June  30, 1882,  to. the 
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completion  of  the  aforementioned  work  and  the  building  ap  of  parte  of 
the  middle  and  lower  lock-walls  to  prevent  the  6ver-riding  of  the  goaids 
of  boats. 

A  complete  sarvey  of  both  sides  of  the  canal  embankment,  the  two 
sides  together  being  nearly  15  miles  in  length,  made  since  last  annaal 
report,  develops  the  fact  that  a  greater  amount  of  stone  will  be  needed 
for  riprap  face  than  was  estimate  for,  the  increase  being  accounted  for 
principally  by  the  settling  and  spreading  of  the  banks,  which,  when 
tilled  up,  have  longer  slopes  than  the  original.  Portions  of  the  bank 
where  the  wall  was  finished  to  the  top  are  shown  by  the  survey  to  have 
settled  from  1  to  2  feet,  and  in  portions  where  the  bank  has  remained 
unprotected  by  wall  it  has  spread  so  that  the  slopes  are  flatter  than 
when  built.  About  4,000  yards  additional  wall  will  be  required,  and  the 
bank  must  be  refilled. 

The  cost  of  dredging  in  river  channel  this  year  was  considerably 
greater  than  the  estimate  on  account  of  the  accumulation  of  sand  and 
gravel  about  the  broken  rock  which  was  chiseled  four  years  before  and 
could  not  be  dredged  at  that  time  for  want  of  funds. 

The  fencing,  grading,  &c.,  of  lock  grounds  and  yarions  finishing  work 
about  the  canal  has  a&o  proved  more  expensive  than  was  anticipated. 

These  items  render  it  necessary  to  add  to  the  previous  estimates  of 
cost  of  completing  the  work. 

Attention  is  called  to  the  fact  that  this  increase  in  the  estimates  is 
caused  in  great  part  by  the  fact  that  the  work  has  dragged  along  under 
insufficient  appropriations  which  compelled  parts  of  the  work  to  remain 
for  a  long  time  in  an  unfinished  condition. 

The  work  remaining  on  June  30, 1880,  to  be  done  to  complete  this  im- 
provement, is  as  follows: 

Blasting  BDd  dredging  4)120  yards  roek,  at  |5 100,600  00 

Dredging  1,051  yards  rock,  at  11.25 1.314  00 

Pnrcnasing  and  laying  riprap  face- wall,  23,584  yards,  at  $3.25 76, 648  00 

Laying  riprap  face-wall,  1,500  yards,  at  75  cents 1,125  00 

Building  criM  and  fenders  at  ffnard-lock  entrance 6,000  00 

Bnilding  up  walls  at  lower  ana  middle  locks 16,000  00 

Refining  canal  bank 3,000  00 

Finishing;  lock  grounds 1.000  00 

Engineering^  superintendence,  office,  and  9ther  expenses 6, 000  00 

Total 131,687  00 

The  amount  of  fiinds  available  for  this  work • 35,106  50 

Total 96,680  50 

I  desire  to  express  my  appreciation  of  the  services  of  Assistant  Engi- 
neers B.  B.  Jones  and  O.  S.  Willey,  and  Messrs.  G.  P*  Comegys  and  6. 
Railey  in  my  office. 

The  following  statement  shows  the  business  of  the  canal  doring  the 
fiscal  year : 
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statement  of  steamboats,  barges,  rafts,  4' f^,,  passed  through  the  Des  Moines  Bapids  Canal 
from  July  1,  1879,  to  June  30,  1880,  fiscal  year  ending  June  30,  1880. 


Month. 


July  .>•*••  • . .' 

Aagust 

September.  ... 

October  

NoTember 

December.... 

MATCh ......... 

April 

June 


Total. 


Cargo. 


Rafte. 


I 


CO 

No 
133 
103 
129 


I 
1 

I 


S 

a 


aJ 


e 


No.\ 

67; 

101 

127|  90' 

108  74 

5,  8 

80  30, 

01  91* 

142  OOl 

OOl  52 


No 
5,172 


Tons  I 
6,567 


2,2251  8,5151 
1, 542  10. 985 
948  8,373 


470 


86 
403 


8.821 

971 

2.373, 

8,308 


1, 261 23, 713{ 
1, 124 10, 863 


BtuhelM. 
324,912 
152, 513 
252,784 
165,299 
253,906 
15,000 
74,753 
204, 479 
428,420 
325,403 


967 


65113, 231 78, 969|  2, 197. 469 


a 

0 


4 

11 
26 
31 
19 


Feet 
2, 018, 496 
14, 188. 5741 
30, 712, 212, 
46,  384,  853' 
27, 778, 343: 


& 


Feet. 
1,934,960 
2, 525, 000 
4,255,000 
2, 470, 000, 
1, 976. 000, 


« 
bfi 

I 

CO 


i 

No. 


No. 

600,000 
3,687.000  2,756,000 
7,785,750'  6,076,675 
8, 803, 850  12, 945, 316 
8,484,550  6,085,650 


I. 


750,000 


1,300,000 


91 1  121, 882, 478  13, 160, 960,30, 561, 150  27, 863, 640 


o 

§ 
n 

c 


3 


No. 
285 
325 
330 
369 
262 
6 
71 
134 
306 
409 


2,497 


NOTK. — The  canal  was  cloaed  89  days,  from  December  9  to  March  8.  on  account  of  oeaeation  of  rive' 
navigation,  and  7  days,  ftt>m  Jone  24  to  June  80,  on  account  of  extreme  high-water.  The  boats  and 
barges  at  work  in  the  oanal  are  not  included  in  this  statement  except  in  the  number  of  lockages. 

ThU  work  is  located  Id  the  collection  district  of  New  Orleans.  Saint  Louis,  Mo.,  is 
the  nearest  port  of  entry. 

The  following  is  a  statement  of  the  collections  at  the  iK)rt  of  Saint 
Louis,  Mo.,  during  the  fiscal  year  ending  June  30, 1880: 

Duties  on  imports $1,143,7:38  88 

Marine  Hospital  tax 13,680  93 

Fines  and  penalties 331  97 

Inspections — steam  vessels 6,097  70 

Licenses — officers  of  steam  vessels 8,275  00 

Storage 1,465  69 

Official  fees 2,419  40 

Total 1.176,003  57 

Steam  vessels  enrolled,  162 tons..  59,699.13 

Barges  enroUed 157 tons..  82,275.81 

Total 319 tons..        141,974  94 

The  estimated  complete  cost  of  this  work  as  now  being  carried  on  is. ..  |4, 437, 515  00 
Cost  of  operating  and  maintenance  of  canal  from  August  22,  1877,  to 

Jime30.1»l 157,565  00 

Estimatea  cost  of  operating  and  maintenance  of  canal  for  fiscal  year 

ending  June  30, 18& 40.000  00 

Total 4,635,080  00 

Total  amount  appropriated  for  all  purposes  up  to  June  30,  1880 4, 498, 500  00 

Amomit  required  yet  to  be  appropriated  for  finishing  improvement  and 

operating  canal 136.580  00 

Money  statement 

Jnly  1,  1879,  amount  available $85«875  06 

Amount  appropriated  by  act  approved  June  14,  1880 50, 000  00 

$135, 875  06 

July  1 ,  1880,  amount  expended  during  fiscal  year 68, 435  12 

July  1,  1880,  outstanding  liabilities 2,333  44 

70, 768  56 

July  1,  1880,  amount  available 65,106  50 

Amount  (estimated)  required  for  completion  of  existing  project 96, 580  00 

Amount  (estimated)  for  operating  and  maintaining  canal  for  fiscal  year 

erfding  June  30, 1882 40.000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .  136, 580  00 
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PBESBBYATION  OP  THB  FALLS  OF  SAINT  ANTHONY  AND  IMPROVE- 
KENT  OF  THE  MISSISSIPPI  ABOVE  THE  FALLS — IMPROVEMENT  OF 
OHIPPEWA  AND  SAINT  OROIX  RIVERS,  WISCONSIN,  AND  OF  MINNE- 
SOTA RIVER  AND  RED  RIVER  OF  THE  NORTH,  MINNESOTA  AND 
DAKOTA— SURVEYS  FOR  RESERVOIRS  AT  THE  SOURCES  OF  THE 
MISSISSIPPI — CONSTRUCTION  OF  DAM  AT  LAKE  WINNIBIOOSHISH. 


bkport  of  captain  chables  j,  allen,  coups  of  engineers,  bvt. 
major,  u.  5.  a,,  officer  in  charge,  for  the  fiscal  tear  ending 
june  30,  1880,  with  other  documents  relating  to  the  works. 

Engineer  Office,  U.  S.  Army, 

Saint  Paul^  Minn.y  July  16, 1880. 

General  :  I  have  the  honor  to  submit  herewith  the  annual  rei)orts 
npon  the  works  and  surveys  under  my  charge  for  the  fiscal  year  ending 
June  30, 1880. 

Very  respectfully,  your  obedient  servant, 

Ghas.  J.  Allen, 


Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers  J  U,  S.  A. 


Captain  of  Engineers, 


U  I. 

PRESERVATION  OF  FALLS  OF  SAINT  ANTHONY,  MINNESOTA. 

The  work,  during  the  fiscal  year,  has  mainly  consisted  in  tbe  con- 
stniction  of  a  sluice-way  at  the  westerly  end  of  the  apron  for  tbe  run- 
ning of  loose  logs  over  the  falls,  and  protection  and  repair  of  the  toe  of 
the  apron  which  had  been  seriously  damaged  by  running  logs  over  it. 
•The  details  of  this  work  are  given  in  the  report  of  Capt.  C.  J.  Allen, 
Corps  of  Engineers,  under  date  of  December  6,  1879,  which,  together 
with  sub  report,  is  printed  in  Senate  Ex.  Doc.  No.  37,  Forty-sixth  Con- 
gress, second  session ;  reference  is  herewith  resx)ectfully  made  to  it,  as 
part  of  this  report.  The  sluice  was  ready  for  use  by  the  early  part  of 
October  last,  although  the  gate  was  not  mounted  until  February. 

During  the  month  of  March  last,  the  toe  of  the  apron  was  further 
strengthened  by  throwing  in  large  blocks  of  limestone  of  1,000  to  2,000 
I>onnds  weight  each,  at  the  easterly  angle,  in  anticipation  of  floods,  as 
there  had  l^en  a  heavy  precipitation  over  the  water-shed  of  the  river 
during  the  past  winter.  Two  hundred  and  eighty-five  cubic  yards  of 
rock  were  placed,  at  $2  per  cubic  yard.  < 

The  flooda  of  May  and  June  reached  a  higher  point  than  known  since 
1867,  and  the  immense  mass  of  water  had  only  the  narrow  width  of  500 
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feet  over  the  apron  for  egress  to  the  river  below,  the  mills  and  other 
private  works  having,  previous  to  the  adoption  of  the  present  project 
for  the  preservation  of  the  falls,  already  encroached  upon  the  water- 
way so  as  to  leave  only  the  width  above  mentioned.  The  late  floods 
appear  to  have  done  considerable  damage  to  the  apron,  in  placets,  but 
the  extent  of  such  damage  can  only  be  ascertained  after  .the  subsidence 
of  the  water. 

The  present  plan  here  noted  as  original  project  contemplated  the 
stoppage  of  erosion  of  the  limestone  bed  of  the  falls,  by  means  of  do^ 
ing  the  enocmotis  channels' worn  under  the  limestone  ledge  and  through 
the  soft  underlying  incipient  sandrook,  by  filling  of  gravel,  elay,  &c,tlie 
construction  of  a  concrete  dike  under  the  limestone  ledge  reaching  from 
extreme  banks,  remodeling  and  reconstructing  the  apron  to  prevent 
recession  of  the  crest  of  the  falls,  rolling  dams  to  maintain  sufficient 
depth  of  water  upon  the  bed  of  the  falls  to  prevent  ice  from  adhering 
to  the  ledge  in  severe  winters,  and  the  protection  of  the  toe  of  the 
apron  by  means  of  bowlder  riprapping.    The  undermining  of  the  toe  of 
the  apron  by  the  action  of  floods  and  running  of  loose  logs,  whether  by 
accident  or  design,  makes  it  evident  that  nothing  but  heavy  buttress- work 
of  tight  cribs  filled  with  stone  will  effectually  protect  it.    Should  the 
apron  be  carried  away,  the  destruction  of  the  falls  and  the  magnificent 
water-power  of  this  locality  would  follow  unless  the  work  were  imme- 
diately renewed.    Prevention  of  any  such  disaster  costs  but  a  small 
fraction  of  that  of  renewal.    If  the  United  States  retain  charge  of  this 
work,  at  least  $50,000  should  be  on  hand  wi<;h  which  to  meet  damage 
from  floods,  or  other  sources. 

During  the  month  of  June  past,  owing  to  present  and  prospective  dam- 
age to  the  works  from  running  of  loose  logs,  the  necessary  facts  were 
placed  in  possession  of  the  United  States  district  attorney  in  order  to 
enable  him  to  obtain  from  the  United  States  court  an  injunction  againi^( 
running  loose  logs  over  or  through  the  works,  excepting  through  the 
sluice  built  in  accordance  with  the  act  of  Congress  approved  March  .'i 
1879.  It  is  not  known  at  the  date  of  this  writing  that  any  steps  have 
been  taken  towards  securing  the  injunction. 

Congress,  by  act  approved  June  14, 1880,  appropriated — 

For  repairs  and  contingencies  of  public  works  at  Saint  Anthony's  Falls,  MinnesoU. 
to  meet  necessary  repairs,  present  and  prospective,  ten  thousand  dollars. 

It  is  prox)osed  to  expend  this  sum,  as  well  as  the  small  balance  of 
funds  on  hand,  in  the  preservation  and  further  strengthening  of  the 
timber  work  for  the  protection  of  the  falls,  so  far  as  the  amount  will  go. 

This  work  is  in  the  collection  district  of  Minnesota.  The  nearest  port  of  entry  is 
D ninth,  Minn.,  at  which  place  the  revenues  collected  during  the  fiscal  year  ending 
June  30,  1880,  amounted  to  $4,964.51. 

ABSTRACT  OP  APPROPRIATIONS  MADE  FOR  IMPROVING  THE  FALLS  OF  SAINT  AKTHON'T 

By  act  approvod  June  11,  1870» $50,000  00 

By  act  approved  March  3,  ISTl* 50,000  00 

By  act  approved  June  10,  1872* 50,000  00 

By  act  approved  March  3.  1873* 50.000  00 

By  act  approved  June  23,  1874 135,009  00 

By  act  approved  March  3,  1875 100,000  00 

By  act  approved  August  14,  1876 120,000  00 


• 


These  snms  were  used  before  the  adoption  of  the  present  plan. 
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By  act  approved  March  3,  1879* $10,000  00 

By  act  approyedJane  14,  18801 10,000  00 

Total 565,000  00 

Original  estimate  for  carrying  out  preseD t  project 529, 726  3l 

Remaining  to  be  appropriated 174, 72<)  31 

Money  statement. 

July  1,  1879,  amount  available $13,391  87 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$23,391  87 

July  1,  1880,  amount  expended  during  fiscal  year 12, 812  41 

July  1,  1880,  outstanding  liabilities 135  11 

12, 947  52 

July  1,1880,  amount  available 10,444  35 

Amount  (estimated)  required  for  completion  of  existing  project 174, 726  31 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882, 
to  meet  repairs  necessary,  present  and  prospective 50, 000  00 


COMMERCIAL  STATISTICS. 
LO<^. 

There  were  4,600,000  feet  of  logs,  valued  at  $22,600,  run  over  the  Falls 
of  Saint  Anthony,  destined  for  the  bqom  below,  during  the  season  of 
1879. 

It  is  stated  that  there  will  be  4,000,000  feet  of  logs,  valued  at  $28,000^ 
run  over  during  the  season  of  1880. 

MANUFACTURES  AT  MINNEAPOLIS  (FALLS  OF  SAINT  ANTHONY). 

[Taken  from  "Statistics  of  Minneflota  for  1879."] 

The  growth  of  manufacturing  industries  in  the  city  in  1879  far  exceeds  that  of  any 
former  year.  This  is  especially  true  of  the  manufacture  of  flour.  At  the  commence- 
ment of  the  year  the  entire  capacity  of  the  mills  running  was  not  over  6,000  harreU 
daily ;  at  the  close  of  1879  it  was  10,000  harrels,  and  when  the  two  mills  now  building 
and  approaching  completion  are  put  into  operation  it  will  be  15,000  barrels.  Another 
miU  will  be  erected  during  the  year  which  will  increase  the  capacity  to  about  18,000 
barrels  per  day.  Of  course  it  cannot  be  expected  that  these  mills  will  all  be  run  dur- 
ing the  year  to  their  full  capacity,  but  it  is  fair  to  estimate  the  annual  product 
at  4,500,000  to  5,000,000  barrels. 

STATEMENT  OF  SHIPMENTS  OF  FLOUK  FROM  MINNEAPOLIS  FOR  THE  YEARS  NAMED. 

Barrels. 

1879 1,551,789 

1878 940,786 

1877 935,544 

1876 1,000,676 

1875 843,769 

1874 727,157 

1873 685,009 

1870 193,814 

1865 98,000 

1860 30,000 

Minneapolis  millers  formerly  found  a  market  for  their  flour  mainly  in  America,  and 
had  introduced  it  into  nearly  every  market  East  and  South,  and  its  reputation  had 
become  national. 


*  For  sluice-way  through  publio  works,  &c, 
t  For  repairs  and  contingencies,  &c. 
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Not  satisfied,  however,  with  this,  a  little  more  than  two  years  since  active  measuivs 
were  inaugurated  to  build  up  a  foreign  demand.  The  result  was  that  in  1(J7H,  I09,lifi 
barrels  were  shipped  direct  from  the  mills  to  foreign  ports,  and  in  1879  the  cxporU 
were  450,000  barrels.  In  1878  the  shipments  were  ex^usively  to!English  ports ;  in  1879 
they  have  been  to  all  porto  in  the  United  Kingdom ;  several  French,  Gkrman,  Spauish, 
and  Italian  ports ;  to  Alexandria,  Egypt,  and  South  American  ports,  at  all  of  which 
Minneapolis  flour  is  received  with  great  favor.  I 

LUMBER.  ! 

The  mills  of  the  city  manufactured  during  the  season  of  1879,  145,000,000  feot  uf 
lumber,  50,000,000  shingles,  and  21,616,000  lat^  ;  an  increase  of  15,000,000  over  l^*^.  . 

I 

.  MISCELLANEOUS  MANUFACTURES.  < 

The  growth  of  the  manufacturing  industries  of  Minneapolis  is  by  no  means  confined 
to  the  flour  interests.  All  other  lines  are  keeping  pace  with  the  growth  of  the  country. 
The  product  of  the  various  establishments  wnich  are  engaged  in  manufacturing  goods 
for  the  trade  foots  up  for  the  year  |6,950,725. 

COMPARATIVE  STATEMENT  FOR  FOUR  YEARS. 

I 

1879 SO,  950, 725 

1878 : 5,696.(525  i 

1877 4,802,3(K»  , 

1876 3,776,133  , 


I 


special  bepobt. 

Enoineeb  Office,  U.  S.  Abmy, 

Saint  Paulj  December  G,  1879. 

Genebal:  I  have  the  honor  to  report  the  following  as  the  oi>erations 
at  the  Falls  of  Saint  Anthony  for  the  past  season :  ! 

Congress,  by  act  approved  March  3, 1879,  appropriated  the  sum  of 
$10,000  for  the  constraction  of  a  log  sluice  at  the  falls,  in  the  following 
terms: 

For  sloice-way  through  public  works  at  Saint  Anthony's  Falls,  Minnesota.  $10,0(Ki: 
Providedf  That  no  part  of  said  sum  shall  be  expended  for  right  of  way,  and  that 
said  improYement  can  be  made  without  expense  in  the  United  States,  furt<her  than  the 
actual  construction  of  said  sluice-way. 

This  appropriation  was,  shortly  afterwards,  made  available,  but  the 
commencement  of  the  work  was  delayed  from  two  causes,  viz:  1st, 
the  existence  of  high-w^ater;  2d,  the  delay  consumed  in  acquiring  re- 
leases to  the  United  States  from  the  owners  of  water-power  at  the  falls 
for  any  water  that  might  be  drawn  off  from  their  canals  or  races  in 
order  to  float  logs  through  the  sluice.  These  releases  were  all  obtained 
by  about  the  middle  of  June,  1879;  the  plan  for  the  work  was  approved 
of  by  the  Chief  of  Engineers ;  and  the  constructiou  was  begun  a«  soon  as 
the  water  lowered  sufficiently.  The  sluice  is  located  at  the  westerly 
end  of  the  apron  protection;  is  451  feet  in  length,  over  all,  having  four 
different  slopes  or  planes  on  the  entire  length,  the  total  fall  which  gen- 
erates the  velocity  being  about  40'  feet  on  312  feet  horizout^.  The 
width  is  6  feet  in  the  clear  throughout.  The  construction  is  of  crib- 
work,  from  4  feet  to  8  feet  in  width,  strongly  put  together,  and  the 
sluice  lined  on  the  sides  with  3-inch  plank,  securely  bolted  to  heavy 
timbers,  all  projecting  points  carefully  chamfered  with  the  adze,  and 
the  bottom  protected  at  exposed  points  with  layers  of  strap-iron.  The 
entrance  to  the  sluice  proper  is  through  a  sort  of  tunnel  through  a  large 
guard-crib  at  the  westerly  end  of  the  apron,  placed  to  protect  the  mills 
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at  that  imni  from  the  impact  of  ice  and  floating  bodies.  It  is  11  feet 
6  inches  in  height  and  6  feet  in  width,  to  be  closed  by  a  gate,  worked 
by  screws.  The  original  intention  was  to  make  the  entrance  8  feet  6 
inches  high  and  to  use  ordinary  stop-phmk  in  lieu  of  a  gate,  but  the 
experience  of  the  pa«t  season  i>roving  the  disastrous  effect  upon  the 
apron  of  running  loose  logs  over  it,  at  any  stage  of  water,  it  was  con- 
cluded to  make  the  entrance  sufficiently  high  in  the  clear  to  afford  no 
excuse  whatever  for  running  logs  over  the  falls,  excepting  through  the 
sluice-way  provided  by  law. 

The  sluice  was  ready  for  use  by  the  latter  part  of  September,  and  logs 
were  run  through  it  successfully ;  but  the  construction  of  the  gate  wa« 
deferred,  as  the  entire  force  of  laborers  was  necessarily  diverted  to  the 
repairs  upon  the  apron,  to  be  referred  to  further  on*  The  work  is  a 
thorough  success ;  logs  run  through  the  sluice  with  great  rapidity  and 
no  interruption  to  their  passage  can  possibly  occur,  unless  the  channel 
at  the  foot  of  the  chute  is  clogged  with  mill  refuse.  The  gate  will  be 
mounted  during  the  present  month. 

Early  in  the  summer  it  became  ai)parent  that  the  toe  of  the  apron 
was  suffering  considerable  damage  from  the  action  of  the  floods  upon 
the  soft  sandstone  bed  of  the  stream.  As  the  stage  of  water  receded, 
the  logs,  which  were  pa-ssing  over  the  falls  in  large  numbers,  contributed 
to  aggravate  the  damage.  The  managers  and  owners  of  the  logs  were 
requested  to  discontinue  running  them  over  the  apron,  and  were  assured 
that  the  sluice  would  soon.be  ready  for  use. 

No  action  being  taken  by  them  to  stop  the  logs,  the  matter  was 
brought,  through  the  Engineer  Department,  before  the  Department  of 
Justice,  and  the  United  States  district  attorney  at  Saint  Paul  having 
received  the  necessary  instructions,  an  injunction  was  obtained  from  the 
United  States  court  for  this  district,  restraining  the  ninning  of  logs  over 
the  apron.  Tliere  will  be,  after  this  season,  no  possible  excuse  for  not 
running  the  Iqgs  through  the  sluice  provided ;  and  the  Minneapolis  Mill 
Company  will,  as  their  agent  gave  assurance  last  June,  provide  for  the 
passage  of  logs  through  their  works  above  the  sluice.  A  boom  should 
be  placed,  by  the  log-owners,  in  the  pool  between  the  upper  and  lower 
rolling  dams,  so  as  to  sheer  the  logs  into  the  sluice  built  by  the  United 
States  (iovernment,  and  refuse  the  a})ron. 

As  seen  as  the  watc  subsided  sutticiently,  a  careful  exaniinati^n  and 
survey  was  made  of  the  toe  of  the  aju'on  and  the  channel  below;  two 
large  gaps  were  found  in  the  timber  work,  viz,  one  about  the  middle  of 
the  lower  edge  or  toe,  and  one  in  the  angle  near  Farnham  &  Lovejoy's  mill- 
pond.  The  break  in  tbe  middle  was  the  flrst  observable ;  the  otber  not 
becoming  apparent  until  later.  The  bowlder  ])rotection  placed  below 
the  apron  in  the  winter  of  1S77  and  1878  had,  nearly  all,  been  swept 
awa}'  by  the  flow  of  water,  and  much  of  the  stone  tilling  in  the  crib  foun- 
dation of  the  a])ron  hiul  also  moved  out,  allowing  the  timber  to  float  and 
lift  up  the  apron  ]>lanking  for  a  width  of  about  200  feet,  and  a  depth, 
meiisured  up  stream,  of  20  to  30  feet. 

It  became  apparent  that  prompt  measures  should  be  taken  to  restore 
the  work,  as  nearly  as  possible,  to  as  good  condition  as  it  wa.s  in  when 
completed  in  1877.  The  preservation  of  the  log-sluice  also  depended 
largely  ujion  that  of  the  apron  itself.  The  balance  of  funds  avail- 
able was  totally  insuflicient  for  repairs.  The  Minneapolis  Mill  Company', 
recognizing  that  their  interest  hinged  u]>on  the  preservation  of  the 
works,  donate<l  sufficient  timber  for  temporary  repair,  and  this  was 
worked  into  i»la<*e  by  the  government  force  of  laborers.  The  repairs 
cousisted  mainly  in  the  substitution  of  water-tight  cribs  for  the  oi)en- 
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work  cribs  where  the  greatest  damage  had  occurred.    If  the  United 
States  Governmeut  is  to  retain  charge  of  the  preservation  of  the  falls,  at 
least  $25,000  shoald  be  available  at  once  to  perfect  the  work.    A  footing 
of  loose  bowlders  might  afford  protection  to  the  toe  for  some  time  to 
come,  and  cost  much  less  than  crib-work,  but  such  protection  is  preca- 
rious owing  to  the  action  of  the  floods  and  ice  in  carrying  the  bowldei^ 
away,  in  addition  to  the  small  resistance  offered  by  the  soft  sand^toue 
of  the  river  bed,  the  stone  seeming  to  yield  to  the  action  of  the  water, 
and  the  bowlders  spreading  out  over  it  for  a  considerable  distance. 
The  toe  of  the  apron  should  be  protected  by  tight  crib- work  below  it 
and  extending  across  the  width  of  the  stream,  the  top  of  the  planking 
to  the  crib- work  to  be  about  8  feet  below  the  surface  of  low- water,  the 
crib-work  to  act  both  as  a  protection  to  the  bed  of  the  stream  and  to 
prevent  action  of  the  eddies,  boils.  &c.,  upon  the  foundation  of  the 
apron.    The  greater  part  of  the  proposed  work  can  be  done  this  winter 
and  early  in  the  spring,  before  the  highest  water  sets  in,  if  funds  are 
available  at  an  early  date. 

The  injury  to  the  work  in  the  angle  at  the  easterly  end  of  the  apron 
seems  to  have  been  aggravated  somewhat  by  the  injudicious  placing  of 
flush-boards  by  the  owners  of  the  mill-privilege  at  that  end  of  the  apron, 
a  fact  that  was  not  discovered  until  the  flush-boards  had  been  in  position 
for  some  time. 

The  rest  of  the  work  at  the  falls  is  iu  good  condition. 

The  report  of  Mr.  J.  P.  Frizell,  assistant  engineer,  herewith  inclosed, 
gives  the  details  of  the  work  accomplished. 

Very  respectfully,  your  obedient  servant, 

Chas.  J,  Allen, 

Captain  of  Engineen, 

Brig.  Gen.  H.  G.  WniaHT, 

Chief  of  Engineers^  U.  S.  A. 


report  of  mr.  joseph  p.  frizell,  assistant  engineer. 

Engineer  Office,  U.  S.  Armv, 

Saint  Paul,  Ihoemhcr  1,  l^i'l 

Sir  :  I  have  the  honor  to  present  the  following  report  of  operations  at  the  Falld  <>f 
Saint  Anthony  during  the  past  season,  this  work  having  been  under  my  immediate 
supervision. 

The  act  of  Congress  approved  March  3, 1879,  appropriated  $10,000  for  the  constnictioii 
of  a  sinice-way  through  the  public  works  at  the  Falls  of  Saint  Anthony.  The  aniouor 
was  made  avilable  suortly  after  the  passage  of  the  act,  but  the  hi^h-water  did  Bot 
abate  sufficiently  to  admit  of  the  commencement  of  the  work  before  the  first  of  Angii^t. 

Before  the  commencement  of  the  work,  the  precaution  was  taken  to  procure  releiiH(*s 
from  the  several  owners  of  water-power  at  the  falls,  exonerating  the  ^vemment  ft^M 
any  claim  for  damages  by  reason  of  the  diversion  of  water  from  the  miUs  and  canals  oi 
the  said  owners  by  the  operation  of  the  sluice. 

The  sluice  was  located  on  the  westerly  side  of  the  apron,  commencing  at  a  poiut 
about  130  feet  above  the  crest  of  the  lower  rolling  dam,  which  was  built  for  the  pur- 
pose of  keeping  the  limestone  flooded  with  water.  It  discharges  into  a  channel  sepa- 
rated from  the  main  river  by  a  bank  of  loose  stone  and  gravel,  being  the  channel  which 
receives  the  water  from  several  of  the  saw-mills.  It  was  constructed  of  12*'  x  1:; 
K(iuare  timber  fastened  with  drift  bolts.  One  side  is  formed  by  3-inch  l9nffitudinal 
planking,  fastened  to  upright  timbers,  which  are  bolted  to  tho  Minneapolis  Hill  Com- 
pany's high  dam  and  to  the  wall,  partly  natural  and  partly  artificiaJ,  which  forms  th*- 
westerly  side  of  the  apron.  The  other  wall  of  the  sluice  is  of  close  crib- work,  4  feet  t.» 
8  feet  wide,  filled  with  stone.  The  side  next  the  sluice  is  lined  with  3-inch  plank.  The 
rolling  dam  was  cut  through,  aud  the  bottom  of  this  part  ^f  the  sluice,  compri^iin^  :t 
distance  of  about  63  feet,  consists  of  6-inch  plank  bolted  to  the  lime  rock.  The  sliiitv 
is  6  feet  wide  inside.    For  a  distance  of  79  feet  from  the  foot  of  the  roD-dam  it  takes 
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the  8Mne  slope  as  the  apron,  viz,  about  1  pezpendicalar  to  5  base,  and  in  thU  part  the 
Hoor  is  of  6-inch  plank,  bolted  to  the  floor  of  the  apron.  Thence  for  a  distance  of  143 
f«et  it  takes  a  slope  of  about  7^  base  to  i  perpendicular.  Thence  level  to  the  end,  a 
distance  of  58  feet.  In  these  two  last  portions  its  bottom  consists  of  I2-Lnch  timber. 
At  the  foot  of  the  sluice  the  water  is  about  5  feet  higher  than  the  river,  passing  over  a 
tittle  cascade  before  reaching  the  latter.  The  bottom  is  protected  at  tne  parts  most 
exposed  to  abrasion  from  lo^,  viz,  a  distance  of  about  180  feet,  by  6  straps  of  wrought 
iron,  i  inch  thick,  and  3  inches  wide,  confined  by  12-inch  bolts  with  countersunk 
heads.  The  suard-crib  at  the  westerly  end  of  the  rolling  dam  was  taken  away  to  make 
room  for  the  sluice  and  rebuilt  over  the  latter,  leaving  a  clear  opening  11  feet  6  inches 
hish.  The  sluice,  for  a  distance  of  some  69  feet,  where  the  water  from  the  saw-mills 
fans  into  it,  is  covered  with  6-inch  planking.  The  lower  end  is  protected  by  a  riprap 
ef  heavy  stone. 

The  work  was  executed  entirely  by  day  labor,  under  the  direction  of  Mr.  A.  H. 
Weeks  as  overseer.  The  materials  have  been  purchased  in  open  market,  except  the 
stone,  which  has  been  procured  mainly  in  the  immediate  vicinity  at  the  cost  oi  quar- 
rying and  moving.  About  219,000  feet  of  lumber  and  30,000  pounds  of  iron  were  used  in 
addition  to  that  contained  in  the  old  gnard-crib.  The  greater  part  of  the  lumber  was 
purchased  for  $7.97  per  M ;  $10  and  $11  was  paid  for  small  quantities  of  better  grade. 
The  iron  cost  3  and  3^^  centa  per  pound. 

The  sluice  is  now  entirely  complete^!,  except  the  gate,  which  will  be  a  plain,  old- 
fashioned^  up-and-down  gate,  worked  by  screws.  The  mechanism  is  now  in  course  of 
cons  traction. 

The  only  accident  which  occurred  during  the  construction  of  the  sluice  was  the 
drowning  of  Creorge  Boyd,  a  laborer.  He  w$is  crossing  the  river  in  a  boat  just  alM>ve 
the  lower  rolling  dam  while  a  violent  storm  was  impending.  The  wind  commenced 
to  blow  with  great  fury  Just  after  he  started,  and  he  was  swept  over  the  apron. 

Many  logs  tuive  been  passed  through  the  sluice,  which  fulfills  its  purpose  perfectly. 

THE  APRON. 

It  became  apparent  daring  the  continuance  of  high- water  that  serious  damage  had 
been  done  to  the  apron.  It  gave  evidence  of  being  disturbed  at  the  toe  for  a  width 
of  some  200  feet,  and  two  gaps  of  considerable  width  appeared.  The  Saint  Paul  Boom 
Company  claimed  the  rignt,  pending  the  construction  of  the  sluice,  of  running  logs 
over  the  apron,  and  actually  did  send  over  a  large  number,  amounting  1)o  some 
millions  of  feet  of  lumber.  The  damage  to  the  apron,  though  not  wholly  due  to  this 
cause,  was  obvionsly  much  extended  and  aggravated  by  it.  Accordingly,  through  the 
Engineer  Department  at  Washington,  the  matter  was  brought  to  the  notice  of  the 
Department  of  Justice,  and  the  district  attorney  at  Saint  Paul  was  instructed  to  act 
in  the  matter. 

About  the  middle  of  September  an  injunction  was  issued  by  the  United  States  dis- 
trict court  at  this  place  restraining  the  owners  of  logs  from  turning  them  into  the 
river  to  find  their  way  over  the  apron.  No  further  trouble  has  been  had  from  this 
cause,  though  it  is  proper  to  add  that  no  logs  could  have  been  ran  in  the  low  stage  of 
water  which  has  prevailed  since  the  date  of  the  injunction. 

The  small  amount  of  money  available  for  the  Falls  of  Saint  Anthony  did  not  appear 
to  warrant  the  commencement  of  the  extended  repairs  required  by  the  apron.  The 
execution  of  this  work,  however,  was  so  important  to  the  owners  of  water-power, 
ertpecially  to  the  Minneapolis  Mill  Company,  that  this  company  offered  to  donate  the 
lumber  required  for  the  repairs.  This  put  tne  government  in  a  position  to  undertake 
the  w^ork,  and  about  the  first  of  October  it  was  commenced.  The  greatest  damage 
occurred  near  the  easterly  angle,  where  the  water  comes  down  two  slopes,  which  form 
a  valley.  The  bottom  at  this  part  had  been  protected  in  the  winter  of  1877-78  by 
a  riprap  of  heavy  bowlders,  reaching  nearly  to  the  surface  of  the  water.  On  com- 
mencing operations  this  season  a  depth  of  28  feet  was  found.  The  damage  to  the 
apron  appears  to  have  been  largely  due  to  the  reflex  action  of  the  water  in  nndermin- 
jng"  the  crib-work  and  taking  out  the  stone,  the  cribs  having  been  sank  with  open 
bottoms,  as  is  customary  in  harbor  work.  The  cribs,  deprived  of  their  ballast,  floated 
and  raiaed  the  apron  at  the  toe.  This  action  must  have  been  much  aggravated  by 
logs,  w^hloh,  on  reaching  the  bottom  of  the  apron,  do  not  always  proceed  on  their 
way,  but  take  part  in  the  rolling  and  whirling  action  of  the  water,  and  remain  pound- 
ing ag^ainst  the  crib- work.  In  proof  of  this,  logs  were  found  under  the  floor  of  the 
apron,  where  the  crib- work  was  broken  through. 

In  exeoating  the  repairs,  the  floor,  what  remained  of  it,  was  removed  as  far  as  the 
disturbance  had  extended,  viz,  for  a  width  of  some  200  feet,  and  20  to  30  feet  up  and 
down  stream.  All  unsound  timber-work  was  removed,  and  even  sound  work  as  far  as 
ncHTesnary,  to  get  depth  for  sufficient  ballasting  of  the  cribs.  Dynamite  was  freely 
ii«cd  for  detaching  tne  timber.  The  work  below  water  consisted  of  cribs  of  12"  X  12 ' 
Sf^uare   timber  laid  close   with  lock  joints.    They  measured  16  feet  in  width,  and 
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20  fert  lip  and  down  stream.     They  were  generally  built  highest  at  the  dowu-«tream 
end,  the  water  beinjr  d»*eiH*8t  there.     The  lower  timlwrg  were  fastened  together  with 
36-inc'h  ^crew-bolts;  the  rest  with  drift  boltn  and  oak  treenails.     All  the  cribs  bad 
tij|fht  lK>ttoni8,  I.  f.,  tijjht  enough  to  hold  stone.     In  the  deep  cribs  the  bottom  was 
laid  on  the  lowor  crosK-tiej*.     In  the  shallowest  the  planking  was  below  the  tit«,  con- 
fined tln?reto  by  screw  bolts,  au  airangement  giving  more  room  for  ballast.    On  the 
cribs  were  laid  and  bolted  the  cross-ties  which  support  the  flooring  of  the  apron.  Thij* 
consists  of  two  thickness<»8 ;  the  first  of  8-inch  timber,  the  second  of  4-inch  plank. 
The  flooring  is  fastened  wholly  with  oak  pins  or  treenails :  the  8-inch  timber  by  16- 
inch  round  ^lins  2  inches  diameter ;  the  4-inch  plank  by  square  pins  1^  inch  diauieter, 
10  inches  long.     This  work  was  also  done  by  day  labor.     It  was  finished  in  the  latter 
part  of  NoYember;  157.000  feet  new  lumber,  about  7,500  pounds  iron,  and  some  10,0(Xi 
treenails  were  used. 

The  chief  dangt^r  to  this  structure  is  in  the  undermining  a(;tion  of  the  water  at  the 
toe.   If  the  government  is  to  be  charged  hereafter  with  the  maintenance  of  this  work, 
Bome  defense  against  this  action  must  be  adopted.    The  readiness  with  which  th« 
heaviest  bowlders  are  washeil  out  inspires  doubta  as  to  the  efliciency  of  any  loose  ston^ 
protection,  especially  in  the  line  <»f  the  junction  of  the  two  slopes,  w^here  the  actios 
of  the  water  is  most  violent.     A  protection  of  bruah  and  stone  has  been  suggested, 
but  i>robably  could  not  be  made  strong  enongh  to  resist  the  action  of  ice.     Cnb-work 
appears  best  suited  to  the  purpose,  but  wonla  be  attended  here  with  peculiar  difficul- 
ties, as  the  problem  would  be  to  sink  cribs  with  6, 8,  or  10  feet  of  water  over  them  aM4 
leave  them  tilled  with  stone  with  a  strong  deck  or  platform  over  the  top,  since  it  h 
obvious  that  nibs  ojien  at  the  top  would  be  deprived  of  their  ballast  by  the  action  of 
the  water  and  float<'d  away.     The  only  method  of  constructing  and  placing  such  cribs 
that  I  can  conceive  of  would  be  to  make  them  water-tight.    After  loading  them  to 
the  water^s  edge,  add  a  curb  or  bulkhead  around  the  top,  giving  them  anfficicut 
buoyancy  to  float  full  of  stone.    Then  fill  and  cover  them,  protecting  the  top  witfa 
iron  plates,  straps,  or  old  railroad  bars  if  necessary .    Float  them  into  position  and  sink 
them  by  cntting  through  the  curb.     The  latter,  being  of  light  material,  could  be  de- 
tached or  lett  to  be  d*»stroyed  by  the  water;   $20,000  would  be  judiciously  expendctl 
in  a  protection  of  this  kind.     In  other  respects,  the  works  for  the  preservation  of  th'^ 
falls  are  in  excellent  condition.    The  concrete  dike,  so  far  as  can  be  obser\^d,  fiiltili<^ 
its  purpose  well. 

Very  resiiectfully,  your  obedient  servant, 

#  Jo8.  P.  Frizfxl, 

A$9i8tant  Enginttr, 

Capt.  Cha.s.  J.  Allen. 

Corps  of  Engineer ffy  V.  S.  A. 


U    2- 

IMPROVEMENT   OF   MISSISSIPPI    RIVER   ABOVE    THE    FALLS*  OF    SAINT 

ANTHONY,   MINNESOTA. 

The  balaiicje  of  funds  on  liand  at  the  close  of  the  fiscal  year  eiidiii;: 
June  30, 1879,  was  too  small  to  admit  of  resuming  work,  as  the  steaiu 
crane  scow  would  have  i-equired  extensive  repairs. 

Operations  have  consisted,  mainly,  in  inspection  of  work  done  be 
tween  Saint  Cloud  and  the  Falls  of  Saint  Anthony  and  the  care  of  proji 
erty.  The  months  of  May  and  June,  1880,  were  i^markable  for  heavy 
rainfall  and  corresponding  floods,  doing  more  or  less  damage  along  Xh^ 
whole  length  of  the  river. 

An  examination  of  the  stream  above  Saint  Paul  was  made  in  June  l»y 
a  small  party,  in  order  to  obtain  data  as  to  damage,  &c. 

The  original  estimate  for  the  work  between  Saint  Cloud  and  the  Fall> 
was  $144,607.50,  the  work  to  consist  in  removal  of  obstructions,  closiiii; 
of  secondary  channels,  island  chutes,  and  protection  of  banks. 

This  estimate  is  contained  in  report  upon  part  of  the  Third  Subdivi^ 
ion,  Mississippi  Transportation  Eoute,  under  date  of  Februaiy  S.1S17}, 
in  order  to  furnish  estimates  to  meet  the  recommendation  of  the  Senate 
select  committee  on  transportation  routes  to  the  seaboard.  The  same 
report  contains  estimates  for  making  the  improvem^t  as  far  up  tht 
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river  as  Grand  Rapids,  the  total  cost  for  a  channel  5  feet  deep  estimated 
at  $2,156,578,75;  and  for  a  channel  3  feet  deep,  $2,030,220.50. 

One  steamer,  only,  plied  prior  to  1879  between  Minneapolis  and  8aint 
Cloud.  Large  quantities  of  logs  are,  however,  run  down  the  river  and 
received  into  booms.  The  work  of  improvement  ui)on  this  stretrh  of 
river  has  been  confined  to  the  points  between  Saint  Cloud  and  Minne- 
apolis, where  the  worst  obstructions  existed,  and,  no  doubt,  some  bene- 
fit to  log-driAing  accmed.  The  loggers,  however,  frequently  tear  out 
the  dams  in  order  to  obtain  short  routes  through  the  chutes  for  the 
passage  of  logs.  It  has  been  impossible  thus  far  to  detect  the  depre- 
<lator8. 

If  work  between  Minneapolis  and  Saint  Cloud  is  to  continue,  $40,000 
can  be  profitably  expended  during  the  fiscal  year  ending  June  ^0,  1882, 
sks  a  dredge-boat  will  be  required  for  thorough  removal  of  bowlders  and 
gravel.    Probable  cost  of  the  dredge  $20,000. 

Congress,  by  act  approved  June  14,  last,  appropriated  for — 

Improving  MiH<4i.s8ippi  River,  above  the  Falls  of  Saint  Anthony  :  continuing  improve- 
uient,  fiftef'n  thousand  dollarH. 

It  is  proi)osed  to  exi)end  this  sum  mainly  in  the  improvement  of  the 
stream  between  (rrand  Rapids  and  Brainerd,  the  latter  at  the  crossing 
of  the  Mis8is»i[)pi  by  the  Northern  Pacific  Railroad;  the  work  to  be 
done  by  day  lalx)r.  The  stretch  of  river  above  Brainerd  is  posses8e<l  of 
Jn^tter  natural  depth  and  has  more  commerce,  logging  excepted,  than 
any  stretch  of  eciual  length  below  it. 

The  original  e^^timate  for  improvement  between  Couradis  Shoals,  35 
miles  below  Brainerd,  and  Grand  Rapids,  is,  for  a  5-foot  channel, 
$54,127.50,  the  improvement  to  consist  in  removal  of  snags,  bowlders, 
sand,  clay  and  gravel  bars,  leaning  trees,  and  the  construction  of  wing- 
dams.  The  sum  of  $25,000  can  be  profitably  expended  upon  this  reach 
of  the  river  during  the  fiscal  year  ending  June  30, 1882. 

Total  amount  that  can  be  profitably  expended  upon  the  Mississippi 
River  above  the  Falls  of  Saint  Anthony  for  the  fiscal  year  ending  June 
3(),  1882,  viz : 

From  Coura<lis  Shoals  to  rj<M»H«'  Rapids,  and  above §25, 000  00 

Bi'tweon  Miunea]>oliK  and  J^aint  Cloud,  if  improvement  upon  this  strotcU  of 

rivoristobe  kept  up  by  the  United  States 40,000  00 

This  work  w  in  the  coUection  diatrict  of  Minueiiota.  The  nearest  port  of  entry  is 
Duluth,  Minn.,  at  which  plaee  the  revenue  coUeoted  for  the  fiscal  year  ending  June  30, 
1^0,  amonnted  to  |4,9(>4.r>l. 

AIISTRACT   OF    APPROPRIATIONS    MADE    FOR    THK    IMPROVEMENT   OF    THE   MISSISSIPPI 
RIVER  ABOVE  THE  PALLS  OP  SAINT  ANTHONY,  MINNESOTA. 

Hy  act  approved  June  23,  1S74* $-25,000  00 

Bv  act  approved  August  14,  IH76 20,000  00 

By  act  approved  June  14,  1880 15,000  00 

60,000  00 
Orij^inal  estimate  for  the  work  between  the  FaUs  of  Saint  Anthony  and 

8atnt  Cloud,  Minnesota 144.667  50 

Kemaining  to  be  appropriated 124, 667  50 

Oriirinal  estimate  for  the  work  between  Grand  Rapids  and  Couradis 

Shoals 54,127  50 

Appropriation  act  approved  June  14,  1680 15,000  00 

Remaining  to  be  appropriated 39, 127  50 

*  Maile  and  expended  before  the  adoption  of  the  present  pnijeet. 
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Money  siatemerit 

Jnly  1,  1879,  amount  available $2, 646  76 

Amouut  appropriated  by  act  approved  June  14,  It^ 15, 000  00 

$17,646  76 

July  1,  1880,  amount  expended  during  fiscal  vear 1,  S81  38 

July  1,  1880,  outstanding  liabilities ! 25  00 

-1,406  3^ 

July  1,  1880,  amount  available 16,240  3i? 

Amount  f^estimated)  required  for  completion  of  existing  project *  124, 667  ^ 

Amount  tkat  can  be  profitably  expended  in  fitical  year  ending  J  une  30, 1882 .    ''40, 000  00 
Amount  (estimat-ed)  required  for  completion  of  project,  viz,  improvement 

between  Grand  Rapids  and  Conradis  Shoals f30,l^  SD 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J nue  30, 1882 .      25, 000  0@ 


COMMERCIAL  STATlSTICfl,    6EA60K  OF  1879. 

Loga  and  lumber. 


Air- 


1    No. 

Minneapolis |  825, 620, 

Above   jlinne-  { 

aiiolis I      1,216 

AnokA '    81,M»i 


Lege  scaled.        Logssaved. 


Saint  Cloud. 

Dayton 

PnnceU 


Totals,  1879. 
Totals,  1K7  8. 


1,719 


Fe€t       ' 

145. 061, 800 

182, 210 

13,  677, 400 

271,450 


Feet 
147.416,390 


27, 009, 850 

2,971,250 

450,000 

450,000 


910,  540   159, 192, 860 
637, 041,  102, 198, 750' 


178,297,490 
187, 285, 700 


Hannikctoml. 


Lumber. 


Latbs.    j  Shingles.  ;Picket«. 


'  Loss  r>tf 
rieo  OTK. 


Fett 

157, 075, 711 20, 467, 400152, 986, 000 


29,355,014   4,428,350 
2, 973, 000       550, 000 

500.000! 

500,000 


145,  319, 500  23, 553, 200 


118, 2r2 


9.003,000,. 
2,500,000^ 


FHt 

12,00«,<W 

7,'OOO.W 
4, 622,  tat 


190, 403, 725  25, 445, 75964, 489.  OOo!  118. 272  23, 687.  en 


48, 128, 000 


20,7ravTSI 


FREIGHT  AND  PASSENGERS. 


During  the  Beason  of  1878  there  were  two  steamboats  plying  on  the  Mississippi  RiT^ 
above  the  falls  of  Saint  Anthony ;  one  plying  between  Minneapolis  and  Saint  Cloud, 
and  the  other  between  Aitkin  on  the  Northern  Pacific  Railroad  and  Grand  Rapid& 
Minnesota.  The  latter  was  the  only  one  navigating  the  river  above  the  falls  during 
the  season  of  1879,  the  former  having  been  purchased  by  the  Mississipni  and  RoM 
River  Boom  Company  with  the  intention  of  remodeling  and  putting  her  into  senice 
in  connection  with  their  locging  operations.  But  she  was  found  inadequate,  after 
which  the  machinery  was  sold,  and  the  hull  is  now  ofi«red  for  sale. 

On  account  of  low-water,  the  steamer  plying  between  Aitkin  and  Grand  Rapids  ^ae 
unable  to  make  more  than  five  trips  cfuring  the  season,  carrying  ui>-8tream,  aboaV 
300,000  pounds  and  120  passengers.  This  was  but  a  very  small  piut  of  the  oommeicr 
of  the  river  (shipped  from  Aitkin),  the  bulk  of  the  business  being  done  by  flat-boat^ 
propelled  by  men  with  poles  ana  ropes.  There  is  also  a  large  percentage  of  tb« 
carrying  trade  done  by  teams  in  winter,  which  would  be  done  by  boata  during  the 
season  of  navigation  if  the  river  was  improved  so  as  to  admit  of  it. 

It  is  estimated  that  2,000  men  went  up  river  finom  Aitkin  last  fall,  and  200  to  3>^> 

*  ThiH  is  the  project  including  only  the  stretch  of  river  between  Saint  Clond  and  Mia- 
neapolis,  and  is  ofi^ered  as  an  CHtiniate  in  case  the  United  States  orders  the  continuance 
of  work  upon  this  piece  of  river. 

tTliis  project  was  adopted  following  the  appropriation  of  fl5.(XKl  made  by  act  ap- 
proved June  14,  1^80. 
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during  the  liayiuj;  season.    The  up-stream  commerce  of  the  river  for  the  year  ending 
Jiinf  30,  18r^U,  is  as  follows: 

PotmdB. 

Fied  and  grain 3,000,000 

BljuksmitVs  coal 60,000 

Iron  and  hardware 100,000 

firooeries  and  provisions 2,434,2H3 

Salt 60,000 

Total 5,654,283 

Estimated  value $275,000 

Pars  and  snake-root  were  brought  down-stream  by  steamer  and  flat-boata  to  the 
value  of  16,500. 


U3. 

CONSTRUCTION  OF  LOCK  AND  DAM  ON  MISSISSIPPI  RIVER  AT  MEEKER  8 

ISLAND,  MINNESOTA. 

No* work  has  been  done  here,  no  funds  being  available  for  use.  as  the 
parties  holding  the  land  grant  have  not  made  the  release  to  the  United 
States  requir^  by  the  act  of  Congress  approved  March  3, 1873.  The 
State  of  Minnesota  should  annul  the  grant  to  the  parties  holding  the 
lan<l  grant  and  release  the  same  to  the  United  States.  If  it  is  deter- 
mined to  commence  the  work  and  carry  it  on,  not  less  than  $300,000 
Khould  be  appropriated  for  the  work  for  the  fiscal  year  ehding  June  30, 
1882. 

Money  statement 

July  1, 1879,  amonnt  available 135,000  00 

July  1,1880,  amount  arailsble 25,000  00 

Amonot  (estimated)  Te<]uiTed  for  completion  of  exiRting  project 92U,  121  4r> 

Anioiint  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18S2.  300. 000  00 


U  4- 

IMPROVEMENT  OF  CHIPPEWA  RIVKB,  WISCONSIN. 

Work  recommenced  in  September,  1879,  in  widening  and  repairing 
the  west  (old)  jetty,  and  the  construction  of  dams  at  Flower-Pot  Bai- 
and  the  Missouri  River  Chute.  Work  was  done  by  day  labor  and  pur- 
chase of  material  in  open  market.  The  construction  was  as  follows : 
l,O30  linear  feet  of  brush  and  stone  dams  at  Flower  Pot  Bar,  to  close 
up  a  channel  behind  an  island  of  that  name ;  and  330  linear  feet  of 
brush  and  stone  dam,  to  close  the  chute  behind  Little  Missouri  Island ; 
also,  the  base  of  a  dam  was  laid  at  Flower-Pot  Cut-off,  the  base  being 
21K)  feet  long. 

The  repairs  consisted  in  strengthening  the  west  jetty  at  the  mouth 
of  the  river  from  its  junction  with  the  shore  for  a  distance  of  950  feet, 
and  x)lacing  additional  enrockment  at  the  east  jetty,  where  the  structure 
had  settled  from  the  effect  of  the  sudden  irruption  of  water  from  the 
dain8  above  Eau  Claire  and  Cippewa  Falls  upon  the  base  of  the  work. 
Tlie  work  thus  far  has  been  of  the  greatest  benefit  to  navigation,  and 
is  in  generally  good  condition. 

At  the  close  of  the  season's  work  a  rapid  examination  of  the  river 
Tva.s  made  between  Eau  Claire  and  the  mouth. 
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Gauge-rods  were  establis|ied  as  usual,  and  their  readings  recorded 
and  plotted. 

The  report  of  Mr.  Guy  Wells,  overseer,  giving  details  of  the  work 
during  the  seasou  of  1879  is  herewith  submitted.  Mr.  Wells  is  entitled 
to  thanks  for  his  zealous,  conscientious,  and  economical  conduct  of  the 
work. 

The  river,  during  the  months  of  May  and  June  past,  reached  an  almost 
unprecedented  stage,  the  gauge  at  £au  Claire  showing,  on  the  13th  of 
June,  21.6  feet  above  low-water.  During  the  latter  part  of  Jane,  an 
examination  of  the  river  in  the  vicinity  of  Eau  Claire  was  made,  and 
the  data  recorded  for  future  reference. 

The  present  project  for  the  improvement  of  the  Chippewa  River,  babied 
upon  the  original  estimate  of  the  engineer  officer  in  charge,  dated  Jan 
nary  30,  1875,  contemplates  the  removal  of  obstructions,  natural  and 
artificial,  between  Eau  Claire  and  the  mouth,  at  a  cost  of  $139,892.50; 
of  which  amount  $64,102.50  was  estimated  as  the  cost  of  protecting  the 
five  high  sand-banks  below  Eau  Claire,  in  order  to  prevent  the  material 
composing  the  banks  from  being  caiTied  down  the  river  and  into  the 
Mississippi  to  form  sand-bars  in  both  streams.  Only  those  familiar 
with  this  stream  can  appreciate  the  necessity  for  an  adequate  appropria- 
ti(m  for  the  protection  of  the  sand-banks  on  the  Chippewa  River. 

The  rei>ort  of  the  officer  in  charge,  January  30,  1875,  also  contained 
an  estimate  of  the  cost,  exclusive  of  locks  and  dams,  about  $50,000  for 
improving  the  channel  and  protecting  the  banks  between  Chippewa 
Falls  and  Eau  Claire. 

If  the  work  of  improving  this  river  is  to  continue,  it  is  recommended 
that  Congress  be  asked  to  appropriate  the  sum  named  for  the  protection 
of  the  sandbanks  on  the  stream,  and  an  additional  sum  of  $25,000  to 
continue  the  work  of  building  wing-dams  and  jetties ;  all  of  which  eau 
be  profitably  expended  during  the  fiscal  yeiir  ending  June  30, 1H82. 
Congress,  by  act  approved  June  14,  1880,  appropriate,  for  improving 
the  Chippewa  Kiver,  Wisconsin — 

Coiitinuing  the  improvement,  ten  tboiisaud  dollars;  bat  this  sum  is  appropriat-ed 
subject  to  the  same  conditions  and  limitations  imposed  by  section  1  of  the  Aci  Ap 
proved  March  3,  1879,  for  the  improvement  of  rivers  and  harbors,  relating  to  s&id 
Chippewa  River. 

With  the  money  appropriated  by  this  act,  and  the  small  balance  of 
funds  on  hand,  it  is  proposed  to  continue  the  improvement  as  begun,  by 
carrying  the  removal  of  obstructions  up-stream  firom  the  mouth,  and 
repairing  existing  works. 

This  work  is  in  collection  district  of  Minnesota.  Daluth,  Minn.,  is  the  nearest  port 
of  entry,  at  which  place  the  revenue  collected  for  the  fiscal  year  ending  Jnne  30,  l'*^^ 
was  $4,964.51. 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVING  CHIPPEWA  RIVER,  WISCONSIN 

By  a<5t  approved  August  14,  1876 $10,000  00 

By  act  approved  Jnne  18, 1878 10,000  OH 

By  act  approved  March  3,  1879 8,000  W 

By  act  approved  June  14,1880 10,000  00 

Total 38,000  00 

Original  estimate  for  carrying  out  existing  project 139,892  M 

Remaining  to  be  appropriated 101,892  50 

Of  this  amount,  $64,102.50  is  estimated  as  the  cost  of  protecting  the  five  high  sand- 
banks below  Eau  Claire. 
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Money  statement 

July  1,  1^9,  amount  available $H,  061  81 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$18, 061  81 

July  If  1880,  amount  expended  during  fiscal  year 7, 759  90 

July  1,  1H?^0,  outwtandiug  liabilities 20  00 

7,779  90 

July  1,  lr<80,  amount  available 10,281  91 

Amount  (estimated)  required  for  completion  of  existing  project 101, 892  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1H82 — 

For  protecting  bigh  sand-banks $H4. 102  50 

For  constnic^ing  wing-dams,  jetties,  dtc 25, 000  00 

89, 102  50 


COMMERCIAL  STATISTICS  CHIPPEWA   RIVER,    1879. 

i>4?-,932,000  feet  lumber,  at  |12  per  M $2. 987, 184  00 

i:t5,152,000  shingles,  at  $2  per  M 270.304  00 

«2,044,000  laths,  at  $1,25  per  M 77,555  OO 

12,000,000  pickets,  at  $10  iMir  M   120,000  00 

16,000  railroa<l  ties,  at  40  cents  each 6,400  00 

'2r><»,000,000  pine  logs,  Be«»f  {plough,  at$8  per  M 2,000,000  00 

Vtmi  of  running  out  248,932,000  feet  of  pme  lumber,  at  50  cents  per  M.  124, 466  00 

Number  of  steamboats  plying  on  the  river 4 

Number  of  ton.s  of  froignt  carried 3, 420 

Number  of  pass«Migers  and  raftsmen  carried 8, 730 

Aiuouut  received  fwr  carrying  freight  and  passengers $31, 746  00 

Steamboats  Minnie  Herman  and  Iowa  City  plied  between  Read's  Landing,  Minn.. 
:ind  Eau  Clain\  Wis.  Steamboat  Monitor  plied  betw^ecn  Read's  Landing,  Mmn.,  and 
Durand,  Wis.  Sti'amboat  Phil  Scheckel  plied  between  Read's  Landing,  Minn.,  and 
Danville,  Wis. 


UKPOin    OF   MR.    GUY  WKI.U«,    OVEU.SKKK. 

Saint  Paul,  Minn.,  Decrmber  1,  1879. 

Sir  :  In  accordanre  with  your  letter  of  instructions  of  September  6,  1879, 1  proceeded 
to  Read's  Landing  t^  construct  and  repair  the  works  at  and  near  the  mouth  of  the 
Chippewa  River. 

I  (.The  new  works  constructed  were  the  Little  Missouri  Dam,  330  feet  in  length,  to  close 
lip  the  channel  which  ran  behind  an  island  of  that  name;  the  Flower-Pot  Dam,  1,030 
Teet  long,  to  close  up  a  chaunel  whit^h  ran  between  the  right  bank  of  the  river  and 
Klower-Pot  Islaud ;  and  the  base  of  a  dam  across  Flower-Pot  Cut-oft*,  290  feet  in  length. 
These  works  are  all  situated  about  2^  miles  above  the  moath  of  the  river. 

The  repairs  made  consisted  in  strengthening  the  west  jetty  at  the  mouth  of  the 
river  from  its  upper  end  down  the  river  a  distance  of  950  linear  feet,  and  of  placing 
Additional  stone  on  tlie  east  jetty  at  points  where  it  had  settled. 

The  material  was  furnished  mostly  bv  James  Mclntire,  he  being  the  lowest  bidder 
in  open  market.  Work  was  commenced  on  the  16lh  of  September,  and  was  continued 
until  the  20th  day  of  November,  when  it  was  suspended.  There  was  considerable  de- 
I:*y  in  the  progress  of  the  work  caused  by  low-water,  in  consequence  of  closing  all  the 
jrates  of  the  dams  on  the  upper  rivers  between  the  21st  of  September  and  the  8th  of 
October,  and  after  that  by  the  high  winds,  which  interfered  with  the  collection  of 
n>ck  along  the  banks  of  Lake  Pepin. 

The  materials  used  in  construction  and  repairs  were  all  of  the  best  quality  that 
could  be  obtained  in  that  vicinity,  the  rock  being  of  a  hard  and  durable  quality  of 
magnesian  limestone.  The  brush  was  straight  and  of  the  kind  which  usually  srows  in 
the  bottom  lands  along  the  river  in  that  vicinity,  consisting  t>rincipally  ofwillow, 
yellow  birch,  soft  maple,  and  elm.  This  brush  was  made  into  fascines  from  14  to  15 
inches  in  diameter,  well  choked  and  well  tied  with  lath  yarn,  with  from  4  to  5  bauds 
to  each  bundle. 

In  all  the  new  work  the  bases  of  the  dams  are  from  35  to  3d  feet.  The  bottom  coarse 
was  24  feet  long,  of  solid  brush,  exclusive  of  the  tips.  The  next  course  above  was  20 
feet  long,  exclusive  of  tips,  and  laid  10  feet  further  up  the  stream  thau  the  bottom 
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course.    This  projection  of  10  feet  of  the  lower  course  forms  an  apron,  which  breaks  up 
the  overfall,  thereby  preventing  tftie  back  action  of  the  water  trom.  undermiuing  the 
dam,  which  often  occurs  to  dams  with  a  narrow  base  and  perpendicular  fall  on  the 
lower  side.    The  bottom  course  of  brush  was  made  into  mats  from  10  to  16  feet  wide^ 
floated  into  place  and  suuk  bv  loading  them  with  stone  where  the  water  was  more 
than  4  f^t  deep.    When  less  than  4  feet  deep  stone  was  onlv  thrown  on  the  tips  of  the 
brush  and  the  mats  flrmly  staked  down.    The  fascines  in  tne  top  course  were  gener- 
ally laid  singly  and  the  whole  loaded  with  stone  from  18  to  ^  feet  wide  aud  1  foot 
deep  at  either  end  and  2  feet  deep  in  the  center,  making  the  top  of  the  dam  ^m  2  U> 
i^  feet  above  the  surface  of  low-water.    The  whole  work  was  economically  done,  and 
makes  a  good  showing  for  the  amount  of  money  expended.    It  has  also  accomplished 
the  object  for  which  it  was  built,  to  wit,  the  improvement  of  Flower-Pot  Bar. 

About  2,000  feet,  linear,  of  the  upper  end  of  the  west  jetty  was  originally  bnilt  with 
a  base  so  narrow  and  on  a  foundation  so  precarious,  the  foundation  being  competed 
of  fine  sand  considerably  intermixed  with  sawdust,  that  it  did  not  withstand  the  con- 
stant strain  upon  it.  During  high-water  this  strain  is  very  great,  as  the  whole  river 
is  confined  to  a  space  400  feet  in  width  between  the  jetties.  No  part  of  the  work  wii 
swept  away,  but  the  sand  was  washed  out  underneath,  which  caused  a  settling,  in  places, 
from  3  to  5  ftret.  Nine  hundred  and  fifty  linear  feet  of  this  jetty  was  strengthened  thU 
season  by  widening  the  base,  on  thesideremovedfromtheriver,  with  fascines  of  brush, 
from  12  to  20  feet,  and  by  covering  this  additional  width  with  stone  to  a  depth  of  1 W 
Si  feet 

The  appropriation  having  been  exhausted,  no  more  work  could  be  donQ  this  seasoin. 
The  remainder  of  the  west  jetty  should  be  widened  and  strengthened  as  soon  .as  there 
is  any  money  available  for  that  purpose.  Owing  to  the  extreme  width  of  the  river  at 
its  mouth,  before  any  government  improvement  was  made,  the  stream  at  that  point 
was  nnnavigable  during  all  the  low-water  season,  but  now  these  jetties  are  the  key 
to  the  navigation  of  the  whole  rivar  and  should  be  strengthened  so  as  to  insure  their 
stability.  AH  the  lumbermen  and  steamboatmen  unite  in  saying  that  the  bnildiiig  of 
these  jetties  has  been  of  more  benefit  every  year  to  the  commerce  of  the  river  than 
the  whole  work  cost..    In  fact,  they  say  they  cannot  now  get  along  withoat  them. 

The  total  number  of  linear  feet  of  new  work,  built  this  season,  was  1,650.  The  total 
number  of  linear  feet  of  repairs  was  9iS0,  besides  strengthening  several  weak  poiuti^ 
in  the  east  and  west  jetties. 

All  the  work  done  this  season  has  consumed  the  following  amount  of  materials,  viz: 

Cafaieyaid». 

For  new  work,  stone 1,910.2 

For  new  work,  brush '  2,706.6 

For  repairs,  stone 579.1 

For  repairs,  brush t 528.7 

The  total  amount  for  construction  and  repairs  is : 

CnhlojaBdi. 

8tone 2,489.3 

Brush 3,236.3 

In  the  month  of  October  last,  according  to  your  instructiona,  I  made  a  baat^  reeeu- 
naissance  of  the  river  from  its  mouth  to  £an  Claire,  the  head  of  navigation.  Qoia^ 
up,  as  1  did,  on  a  steamboat,  when  the  river  was  very  low,  I  had  a  good  opportunitr 
to  see  all  the  obstructions,  both  natural  and  artificial,  to  the  navigation  of  the  river. 

The  natural  obstructions  consist  of  some  twelve  sand  and  gravel  bars,  and  snaj^a 
and  leaning  trees.  These  bars  occur  at  points  where  the  river  is  wide  aud  the  water 
spreads  over  a  broad  surface.  They  can  easily  be  improved  by  a  system  of  wing-dams 
composed  of  bruHh  and  stone,  to  contract  the  channel  and  confine  the  water  withio 
proper  limits.  The  worst  bars,  and  those  which  give  the  raftsmen  and  steamboatmen 
the  most  trouble  every  year,  are  generally  known  as  the  Ed  Ray,  Five-mile  Bluff,  Fred 
Young,  Plum  iHland,  Bear  Creek,  Fair  Play,  Hawkins^  Bend,  Hog  Hole,  Groose  Lake, 
Rumsey,  aud  Sevastopol  Bars.  In  addition  to  the  dams  necessary  to  improve  the^t 
bars,  there  would  be  several  other  short  dams  required  to  close  up  sloughs,  out-ofiik 
and  small  channels  behind  islands. 

There  are  a  great  many  snags  in  the  river,  but  most  of  them  are  near  the  shores 
where  they  can  be  avoided  by  bo.ats  and  ral^a,  yet  there  are  a  few  directly  in  the  chan- 
nel where  boats  and  rafts  are  compelled  to  run,  which  are  very  dangerous  and  should 
be  removed. 

There  are  a  great  many  leaning  trees  along  both  banks  of  the  river.  As  the  banks 
underline  they  fall  into"  the  water,  the  limbs  become  imbedded  in  the  sand,  are  very 
much  in  the  way  of  boats  and  raft-s,  and  are  hard  and  expensive  to  remove.  The 
che«ape8t  and  best  way  to  remove  them  is  in  winter,  when  the  river  is  entirely  frozen 
over,  by  "  falling"  thein  on  the  ice,  trimming  off  all  the  limbs,  and  cutting  the  bodien 
up  into  short  lengtlis  ;  wliat  would  not  be  gathered  up  for  lire-wood  would  float  out 
in  the  spring  with  the  ice  without  doing  any  damage. 


APPENDIX  U.  157& 

The  artilicial  obstructions  are  boom-piers,  sheer-booms,  floating  logs,  and  the  refuse 
from  ^aw-mills.  * 

At  the  head  of  Beef  Slough  the  Mississippi  Logging  Company  have  constructed  in 
the  river  a  line  of  boom-piers,  over  1,30()  feet  in  lena^h,  that  diverts  all  logs  from  the 
main  river  into  the  slough.  This  boom  is  a  great  obstruction,  as  it  is  very  difficult  for 
descending  rafts  to  pass  to  the  right  of  Beef  Slouch  Island.  In  addition  to  this,  they 
have  constructed  a  brush  and  stone  dam  777  feet  long,  close  below,  and  parallel  with' 
the  line  of  their  boom. 

This  boom  and  dam  deflect  at  least  one-fourth  of  the  water  into  Beef  Slough  that 
would  otherwise  come  down,  and  which  is  very  mnch  needed  in  the  main  river  below. 

At  Round  Hill,  about  half  a  mile  above  Beef  Slough,  the  same  company  haa  con- 
fitructed  a  line  of  boom-piers,  which  supports  a  sheer- boom  to  direct  all  tne  fogs  to  the 
left  bank,  so  that  they  will  float  inside  the  sheer-boom  at  the  head  of  the  slough 
below. 

At  the  end  of  this  sheer^boom  is  attached  a  swing-boom,  which  only  leaves  a  pas- 
8a^e  between  the  end  of  the  boom  and  the  rocky  blnff  of  about  130  feet  when  the 
fiwinj^  is  open,  and  when  it  is  closed  of  only  about  30  feet. 

This  is  a  hazardous  place,  as  the  current  is  very  swift  and  the  tendency  is  to  crowd 
boat«  and  rafts  against  the  rocky  shore. 

There  are  other  booms  on  the  nver  which  are  more  or  less  obstnictions  to  navigatioo* 
One  at  Port«r's,  6  miles  below  Ean  Claire,  which,  when  closed,  spans  the  whole  width 
of  the  river,  and  others  near  Eau  Claire  which  are  obstructions,  but  not  to  so  great  an 
extent  as  those  before  mentioned. 

Some  modified  plan  should  be  adopted  by  which  the  logging  interest  on  the  one  port 
and  the  rafting  and  boat  interests  on  the  other  could  b^  be  subserved  without  ma- 
terial  iiyury  or  inconvenience  to  either  party. 

Floating  logs  are  the  greatest  obstruction  to  steamboat  navigation.  At  times,  when 
the  loggers  make  their  **  drives,"  the  river  is  so  completely  crowded  with  logs  that  the 
boatH  nave  to  lay  up  i^veral  days  at  a  time  ;  at  other  times  when  th«y  are  not  running 
ho  thickly  boats  run  great  risks  to  their  hulls  and  machinery  on  their  account,  for  it  is- 
iuijK>HMible  to  avoid  striking  some  of  them.  The  only  way  this  can  be  remedied  is  to 
rait  the  l()jg8  and  run  them  as  manufactured  lumber  is  now  run. 

Many  of^the  bars  heretofore  spoken  of  are  largely  composed  of  slabs,  edgings,  and 
Kiiwdust,  the  refuse  of  saw-mills  in  operation  on  the  river  above. 

At  the  saw-mill  at  Menominee  they  have  adopted  the  plan  of  grinding  the  slabs  and 
edgings,  i.  e.,  cutting  them  by  machinery  into  small  cnips,  which  float  ofi*  without 
doing  much  harm,  as  they  are  not  as  liable  to  sink  and  assist  in  forming  bars. 

U)K)n  a  careful  examination,  I  find  that  stone  can  be  obtained  along  the  river  mon» 
abundantly  and  conveniently  to  the  work  to  be  done  than  has  generally  been  sup- 
posed. At  Five  Mile  Blnft*  there  is  a  quarry  of  good  limestone,  similar  to  that  ob* 
tained  in  the  blufi*  along  the  shore  of  Lake  Pepin.  Near  the  top  of  the  blufl',  opposite 
the  Fred.  Young  Bar,  I  saw  rock  cropping  out,  which,  I  have  since  been  informed,  is 
of  good  quality.  At  the  outlet  to  Dead  Lake,  about  14  miles  above  the  mouth  of  the 
river,  there  is  an  inexhaustible  quarry  of  good  hard  limestone,  which  ean  be  very 
ewily  obtained,  and  will  not  have  to  be  hauled  more  than  40  rods  to  the  river.  At 
Round  Hill,  20  miles  above  the  mouth  of  the  river,  there  is  a  large  quantity  of  sand- 
stone, which  has  been  used  for  a  number  of  years  in  the  boom-piers  at  that  plafie, 
which  does  not  deteriorate  by  the  action  of  the  weather.  Just  below  Nine  Mile  Island, 
and  at  other  points  along  the  bank  of  the  river,  I  saw  plenty  of  sandstone,  which 
se4>n)B  to  1>e  of  the  same  quality  as  that  at  Round  HiU. 

There  are  seven  sand  banks  or  blufl^s  along  the  river,  the  four  largest  of  which  are 
gen<'rally  known  as  the  Waubeek,  Rumsey  Landing,  Mary  Dean,  and  Twelve  Mile  Yellow 
Banks,  whose  aggregate  leugth  is  about  21,000  feet,  and  whose  average  height  is  from 
80  to  120  feet.  It  is  estimat>ed  that  not  less  than  775,600  cubic  yards  of  sand  from 
thene  banks  slide  into  the  river  every  year.  They  are  all  composed  of  very  fine  loose 
sand,  and  the  Ihce  of  the  banks  stands  at  a  slope  of  about  li  horizontal  to  1  perpen- 
diciilar.  In  all  case»  the  river  impinges  against  them,  uuderiiiiniijg  the  base  or  toe  of 
the  slope,  which  causes  the  sand  to  slide  into  the  river  until  it  has  again  resumed  its 
original  slope. 

There  are  no  sand-bars  in  the  river  above  these  bank.s  that  cause  any  trouble,  but 
below  there  are  constantly  shifting  bars  moving  down  at  every  flood  until,  finally,, 
they  are  washed  into  the  Mississippi  River,  where  they  cause  a  great  deal  of  trouble 
by  their  never-ceasiug  flow.  Any  iiuprovemcnt  which  will  prevent  this  sand  from 
eliding  into  the  river  will  be  of  great  benefit  not  only  to  the  navigation  of  the  Chip- 
pt»wa  but  to  the  Mississippi  River  as  well. 

Very  respectfully,  your  obedient  servant, 

Gi'Y  Wklls, 

Oi'erseer. 

Maj.  Chas.  J.  Allex, 

Captain^  Corpa  of  Emjincers,  I',  S.  A, 
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IMPROVEMENT  OF  SAINT  CROIX  RIVER,  WISCONSIN. 

The  work  for  the  improvement  of  this  stream  has  consisted  in  the  re- 
moval of  obstnictious  from  the  channel,  as  snags,  stamps,  old  criba, 
leaning  trees,  and  bars,  and  the  closing  of  secondary  channels  by  means 
of  wing-dams,  the  protection  of  caving  bends,  &c. 

Gauge-rods  were  established  and  kept  up  during  the  year ;  their  read- 
ings recorded  and  plotted. 

There  have  been  removed,  during  the  year,  520  snags,  87  stumps,  41 
cubi<5  yards  bowlders,  290  leaning  trees,  4  cribs.  And,  in  addition, 
1,100  cubic  yards  of  brush,  and  2,562  cubic  yards  of  stone  quarried  and 
placed  in  position,  together  with  about  100  cubic  yards  of  gravel.  About 
1,000  linear  feet  of  shore  were  graded  and  revetted,  and  about  575 
linear  feet  of  dams  built. 

For  a  portion  of  the  shore  protection  at  Marine  Bar,  matresses  of  mill 
e<lgings  were  used,  and,  so  far,  they  have  answered  very  well  in  lieu  of 
brush  fascines.  Temporary  relief  to  navigation  was  also  afforded  by 
scraping  bars  with  railroad  scrapers  and  horses.  The  trade  and  com- 
merce of  the  stream  have  l>eeu  in  the  general  greatly  l)enefited  by  the 
work  done  to  date. 

A  survey  of  the  river  from  Taylor's  Falls  to  Prescott,  at  the  oonfla- 
ence  of  the  stream  with  the  Mississippi  River,  was  made  during  the 
season,  in  accordance  with  authority  from  the  Chief  of  Engineers 
granted  in  letter  of  the  23d  of  May,  1879.  The  report,  based  upon  this 
survey,  and  dated  January  26,  1880,  is  printed  as  House  Ex.  Doc.  No. 
40,  Forty-sixth  Congress,  second  session,  and  is  herewith  respectfully 
referred  to. 

The  estimate  of  cost  for  improvement  of  the  stream  from  Tajlors 
Falls  to  its  mouth,  based  upon  the  survey  referred  to  (and  to  supersede 
the  estimates  rendered  in  former  reports),  is  placed  at  8t)0,250.  The  sum 
of  $25,000  can  be  profitably  expended  during  the  dscal  year  ending 
June  30, 1880. 

Congress,  by  act  ai»proved  June  14,  1880,  appropriated  for — 

Improviug  8aiut  Croix  River,  below  Taylor's  Falls:  Continning  the  improvemeot, 
ten  thousand  clollarK,  of  which  sum  three  hundred  dollars,  or  so  much  thereof  as,  in 
the  opinion  of  the  engineers  in  charge,  may  be  necessary,  shall  be  expended  in  the  im- 
provement of  the  slough  on  the  east  side  of  said  river,  known  as  the  canal  between 
Four-Mile  Island  and  the  foot  of  the  Saint  Croix  Boom. 

With  the  remainder  of  funds  on  hand  from  former  appropriations  and 
the  late  appropriation,  it  is  proposed  to  continue  the  work,  as  begun,  by 
day  labor  and  purchase  of  materials  in  open  market. 

Capt.  O.  F.  Knapp,  overseer  in  local  charge  of  the  work  daring  the 
past  year,  is  entitled  to  credit  for  his  zeal,  efficiency,  and  success  in  secur- 
ing work  at  economical  rates. 

During  the  months  of  May  and  June  past,  extraordinary  high-water 
prevailed  in  the  Saint  Croix  Eiver,  one  probable  result  of  which  will  be 
that  marked  changes  will  be  seen  in  bends,  channels,  and  crossings  upon 
the  subsidence  of  the  waters. 

The  Saint  Croix  River  is  in  the  coUection  district  of  Minnesota.  The  nearest  port 
of  entry  is  that  of  Duluth,  Minn.,  at  which  port  $4,964.51  of  revenue  were  collected 
Jor  the  fiscal  year  ending  June  30, 1880. 


APPENDIX   U. 


1581 


ABSTRACT  OF  APPROPRIATIONS  MADE   FOR    IMPROVING  SAINT  CROIX   RIVER,   \^^SCON- 

BIN  AND  MINNESOTA. 

By  act  approved  June  IS,  1878* $10,000  00 

By  act  approved  March  3,  18791 8,000  00 

By  act  approved  June  14,  1880 10,000  00 

Total 28,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 250  OO 

Money  statement. 

July  1,  1879,  amount  available |9, 113  10 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

July  1,  1880,  amount  expended  during  fiscal  yetfr 8, 923  78 

July  1, 1880,  outstanding  liabilities 40  00 


|19, 113  10 


8,963  78 
July  1,  1880,  amount  available 10,149  32 


Amount  (estimated)  rec^uired  for  completion  of  existing  project 1 50, 250  10 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 . .     25, 000  OO 

COMMERCIAL  STATISTICS. 

There  were  three  steamboats  engaged  exclusively  in  the  freight  and  passenger  busi- 
ness  during  the  season  of  1879,  and  firom  the  statement  it  will  be  seen  that  the  onsiness 
done  was  utrge,  when  we  take  into  consideration  the  length  of  river  traversed — less 
than  60  miles. 

Of  the  three  steamboat-s  engaged,  two  plied  between  Hastings  and  Taylor's  Falls^ 
and  commenced  running  on  the  opening  of  navigation;  and  the  other  between  Still- 
water and  Taylor's  Falls,  and  commenced  running  about  August  1. 

The  figures  below  were  furnished  by  Capt.  John  H.  Reaney,  of  Saint  Paul,  Minn., 
and  Capt.  David  Hays,  of  Osceola  Mills,  Wis.,  under  whose  direct  ions  the  boats  were 
operated. 


Cummodities. 


"Si- 


Floar I    7,490.000 


Wheat 
Merchandise,  due 

Ltme 

Bran  and  feed  ... 

Barley 

Oats 

Salt 


37.244,000 

9,343,400 

868.800 

87,500 


90,000 


5  o 

CO 


610.600 
8, 207, 895 

2. 486,  OOO 
1, 074,  300 

"'"'eo.ooo 

24,300 


8,300,600 

25, 451, 895 

11,829,400 

1, 943, 100 

87,500 

60,000 

24,500 

90,000 


Total !  35,123,700     12,663,295  i    47,786,995 


Passengers  carried  up  and  down  stream  number  9,244. 

L0G8|    LUMBER,   RATTING,   AND  TOWING,    6EASON    OF   1879. 

Logs. — ^About  202,000,000  feet  of  logs  passed  through  the  Saint  Croix  boom  during 
the  season,  which  at  an  estimated  value  of  $8  per  thousand  feet  would  represent  the 
sum  of  $1,616,000.    At  the  boom  about  300  men  were  employed  for  100  days. 

'Approprinted  before  adoption  of  existing  project.  See  report  of  Capt,  Chas.  J. 
Allen,  January  20,  18ti0,  printed  as  House  Ex.  Doc.  No.  40,  Forty-sixth  Cougress,  sec- 
ond session. 

tTwo  thousand  dollars  of  this  amount  was  used  in  making  survey  of  the  river  from 
Taylor's  Falls  to  Prescott  during  1879. 

t  See  report  of  survey  of  this  stream  made  in  1879,  under  date  of  Jaunary  26^  1880, 
printed  as  House  Ex.  Doc.  No.  40^  Forty-sixth  Congress,  second  session. 
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Lumber. — ^There  are  10  large  saw-mills  on  the  Saint  Croix  River,  7  of  which  are  lo- 
cated at  and  around  Stillwater,  the  head  of  Lake  Saint  Croix,  and  engaged  in  the 
mannfaoture  of  Inniber.    These  7  mills  cut  during  the  season — 

liumber feet..  e3,727,ftlO 

Shingles feet..  40/23S,000 

Lath number..  27,600. Oi» 

The  estimated  value  of  these  products  is  about  $1,170,000.  Expense  attached  to 
manufacturing  the  above,  $200,000.  The  other  3  mills  are  located  at  Franconia, 
Marine,  and  Glenmore.    The  amount  of  their  business  is  stated  as  follows : 


Localities. 


Shingie^. 


<xleniDor« . 
IYsboodIa 
Mikrine  . . . 


Feet, 

6^000  000 
1.00O.O00 
3.000,000 


Nuenber. 

800,000 


400,000 


1. 00»i,  m 


!  10«000.000       1«20Q»000  :      3,300.001 


BafUng, — This  branch  of  business  feauires  a  large  force  of  men,  carried  on,  however, 
during  only  a  portion  of  the  season.  Tne  amount  of  lumber  rafted  foots  up  102,000,Oi>' 
feet. 

Tawing. — ^There  were  12  steamboats  engaged  in  the  towing  of  lumber  and  loga  t<? 
various  points  during  the  season.    The  amount  towed  was  11  f  ,000,000  feet. 


U6. 

IMPROVEMENT  OF  MINNESOTA  RIVER,  MINNESOTA. 

No  work  was  done  during  the  fiscal  year  ending  June  30, 1880,  there 
being  no  funds  on  hand  for  such.  The  project  for  the  improvement  of 
the  river  from  its  mouth  to  South  Bend  (see  report,  page  364.  Part  I,  An 
Dual  Beport  of  the  Chief  of  Engineers  for  1875)  contemplated  tne  construe 
tion  of  five  locks  and  dams,  and  the  removal  of  snags,  overhanging 
trees,  and  drift^piles,  at  an  estimated  cost  of  $733,868.63,  which  is  the 
existing  project. 

This  work  is  in  the  collection  district  of  Minnesota.  The  nearest  port  of  entry  U 
Dnlnth,  Minnesota,  at  which  place  the  revenue  collected  during  the  fiscal  year  endloi; 
June  30,  1880,  amounted  to  $4,964.51. 

There  are  no  commercial  statistics  to  report. 

ABSTRACT    OF    APPROPRIATIOXS  MADE    FOR    THE    IMPROVEMEXT  OF  THE  MINNESOTA 

Rn-ER. 

By  act  approved  March  2,  1867 $37.5^0 

By  act  approved  July  11,  1870 lO.OiV 

By  act  approved  March  3, 1871 10,000 

By  act  approved  June  10,  1872 10,000 

By  act  approved  March  3,  1873 10,OJ» 

By  act  approved  June 23.  1874* lO.OOO 

By  act  approved  March  3,  1875 10, 000 

By  act  approved  August  14,  1876 10,000 

By  act  approved  June  18,  1878 10,000 

Total 117.500 

Amount  (estimated)  required  for  completion  of  existing  project  (see  page  364, 
Part  I,  Annual  Report  of  Chief  of  Engineers  for  1875),  |733,86d.63. 

*  Used  in  making  survey  of  river. 
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Money  statement 

Joly  1,  If^O,  amount  available |215  00 

July  1,  lc*80,  amontit  expended  during  fiscal  year $141  00 

Jaly  1,  \f^,  outBtanding  liabilities 9  00 

July  1,  1880,  amount  available 65  00 

^-     — 

Amount  (estimated)  required  for  completion  of  existing  project 733, 868  63 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  JuneSO,  1882 
( for  commencement  of  lock  ana  dam  at  Little  Rapids) 75, 000  00 


U  7. 
IMPROVEMENT  OF  RED  RIVER  OF  THE  NORTH,  MINNESOTA  AND  DAKOTA. 

The  operations  below  Moorhead  have  consisted  in  dredging  a  chan- 
nel through  the  clay  bars  to  a  point  a  few  miles  below  the  mouth  of  the 
Cheyenne  River,  or  about  45  miles  below  Moorhead,  so  as  to  afford  a 
width  of  water-way  of  not  less  than  60  feet  and  a  depth  at  lowest  stage 
not  less  than  2^  feet. 

The  material  remove<l  has  been  generally  dumped  in  the  concave 
bends,  forming  training  walls,  while  at  the  same  time  the  deposit  of 
material  has  maintain^  the  area  of  cross-section  of  the  stream  after 
excavation,  the  same  as  it  wa^  before  any  work  was  done,  thus  counter- 
balancing almost  effectually  any  tendency  to  lower  the  surface  of  the 
water  in  the  i)ools  above. 

It  was  apprehended  that  the  floods  of  this  year  might  possibly  carry 
away  the  tough,  leathery  clay  and  nullify  the  ex])ected  advantages,  but 
observations  thus  far  prove  the  advantages  of  dumping  the  material 
as  has  been  done.  As  the  lower  river  is  reached  more  sand  appears, 
and  it  is  i)Ossible  that  some  means  will  have  to  be  resorted  to  in  order 
to  hold  the  dumped  material  in  place  so  as  to  secure  its  permanency  as 
wing  or  training  walls.  The  result  has  been  thus  far  greatly  beneficial 
to  navigation,  the  shipments  of  wheat  being  tenfold  over  those  in  1878. 
Careful  gauge-readings  throughout  the  extent  of  river  dredged  do  not 
show  a  variation  of  more  than  1  inch  in  the  stage  of  water  in  the  pools 
following  the  excavation  of  the  slioals.  The  work  has  been  done  by  day 
labor  and  purchase  of  materials  in  open  market,  the  United  States  own- 
ing the  dredge.  During  a  portion  of  the  season  the  dredge  worked  day 
and  uight  in  order  to  assist  commerce  as  much  as  possible.  Locomotive 
headlights  lighted  the  ground. 

Examinations  of  the  river  were  made  from  Frog  Poiut  to  the  Manitoba 
boundary  line,  in  order  to  connect  the  detatched  surveys  made  in  1877. 

Early  in  January  last,  in  accordance  with  authority  from  the  Chief  of 
Engineers,  in  letter  dated  the  8th  of  December,  1879,  and  in  response 
to  numerous  petitions  from  citizens  above  Fargo,  a  party  was  organized 
to  remove  leaning  trees,  snags,  &c.^  from  the  channel  between  Fargo  and 
Fort  Abercrombie,  in  order  to  facilitate  high-water  navigation  between 
those  points,  large  quantities  of  wheat  awaiting  shipment  from  Abercrom- 
bie to  Fargo.  The  party  operated  on  the  ice,  it  being  fitted  out  with 
tents  and  the  necessary  teams.  The  winter  was  severe;  nevertheless, 
excellent  and  economical  work  was  accomplished,  and  the  results  have 
this  year  greatly  benefited  that  portion  of  the  stream  and  the  country 
adjiicent. 

The  materals  removed  from  both  sections  of  the  river  for  the  fiscal 
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year  euding  June  30, 1880,  are  57,610  cubic  yards  dredged  material,  and 
219  suags  and  4,151  overhanging  trees. 

A  lock  and  dam  at  Goose  Rapids,  previously  reported  upon,  would  be 
much  more  satisfactory  as  an  improvement  at  that  point,  on  acconiit  of 
the  accumulation  of  fall  and  the  bed  of  the  stream  being  composed  of 
gravel  and  heavy  bowlders,  than  would  improvement  by  means  of  dredg- 
ing and  wing-dams. 

The  cost  of  this  proposed  lock  and  dam  is  placed  at  $190,000,  reckon- 
ing from  present  prices.  If  this  work  be  ordeml,  at  least  $icio,000  should 
be  appropiiated  with  which  to  commence  the  work. 

An  estimate  of  the  cost  of  improving  the  river  from  Breckenridge  to 
the  northern  boundary  line  was  given  by  IVI^jor  Farquhar  in  his  report 
of  December  8,  1877,  as  follows : 

1.  For  improviug  the  river  from  Breckenridge  to  Moorhead  for  raft  and 

flat-bout  navigation #22,663  l** 

2.  For  improving  the  river  from  Moorhead  to  the  head  of  Goose  Kapids. . .  4, 4*28  (^ 

3.  For  locK  and  dam  below  Goose  Rapids 219,^^1* 

4.  For  improving  the  river  from  Goose  Rapids  to  Frog  Point 32, 880  *ii' 

6.  For  improving  the  river  from  Frog  Point  to  the  boundary  line 85, 338  •» 

Total 364,598  IT 

The  work  to  consist,  besides  the  construction  of  the  lock  and  dam,  io 
dredging,  removal  of  obstructions,  as  snags,  &C.9  and  constmctioii  of 
dams  and  jetties. 

Experience  has  shown  that  the  cost  of  item  2  is  altogether  too  low; 
and  revised  estimates  of  the  cost  of  the  lock  and  dam  reduce  it  to 
•190,000. 

The  other  items  appear  to  be  nearly  correct.  The  ofticer  in  charge,  in 
making  the  estimates,  had  not  the  means  of  arriving  at  prices  that  the 
recent  development  of  the  country  now  affords.  The  total  is  not,  prob^ 
ably,  far  from  correct. 

Congress,  by  act  approved  June  14, 1880,  ai>propriated  for — 

ImproTing  Red  River  of  the  North,  Minnesota  and  Dakota;  oontinaiug  imitn»ve- 
ment,  twenty  thousand  dollars. 

Ko  mention  is  made  in  this  act  of  a  lock  aud  dam.  It  is  pio{>osed  with 
this  appropriation  and  the  balance  of  funds  on  hand  from  former  appm 
priations  to  continue  the  improvement  as  begun  and  authorized,  towani^ 
the  boundary  line. 

An  additional  dredging-machine  would  prove  of  much  value  ;  but  the 
cost  of  another  one  and  tender  would  probably  approach  $20,001),  a^ 
there  is  little  likelihood  that  another  dredge  can  ever  be  constructed  i<- 
such  low  rates  as  was  the  one  built  in  1878  and  1879.  But  little  woiiM 
then  be  left  with  which  to  operate  a  new  machine. 

The  sum  of  $150,000  can  be  profitably  expended  upon  this  streaia 
during  the  fiscal  year  ending  June  30, 1882,  which  sum  will,  it  is  hoped. 
be  appropriated  on  account  of  the  great  importance  of  the  Ited  River  a> 
an  avenue  for  the  transportation  of  wheat  and  other  products  both  within 
and  without  the  limits  of  the  United  States.  The  amount  a^ketl  for  oouM 
be  expended  to  advantage  nearly  in  the  following  proportions,  viz : 

In  removing  obstructions  to  navigation  between  Breckenridge  and  Moor- 
head (Fargo  is  directly  opposite  Moorhead) $10,  \.K*)  «♦■' 

In  building  a  new  dredge,  and  in  operating  it  and  the  one  novr  owned  bv 
the  United  States \    40,000  i*' 

Commencing  lock  and  dam  at  Goose  Rapids lOU.  m»  '^* 

Total  that  can  be  profitably  expended  between  Breckenridge  and  the 
boundary  line  during  tiscal  year  ending  June  30,  IQS2 150,  <*•')  t*' 
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For  details  of  the  work  done,  reference  is  respectfully  made  to  the  ap- 
pended report  of  Mr.  Charles  Wanzer,  assistant  engineer  in  local  charge, 
whose  efficiency  and  economical  management  entitle  him  to  great  cre£t. 

The  Red  River  of  the  North  is  in  the  collection  district  of  Minnesotu,  of  which  Pem- 
bina is  the  port  of  entry.  The  district  of  Minnesota,  however,  embraces  all  of  the 
State  of  Minnesota  (except  the  waters  of  Lake  Saperior)  and  all  of  Dakota  Territory, 
with  deputy  collectors  at  Saint  Paul  and  Saint  Vincent,  Minn.,  and  Bismarck,  Dak. 

The  amount  of  revenue  (duties  and  fees)  collected  at  Pembina  and  Saint  Vincent 
during  the  fiscal  year  ending  June  30,  1880,  is  |16,554.35. 

ABSTRACT  OF  APPROPRIATIONS  MADK  FOR  IMPROVINO  RED  RIVER  OF  THE  NORTH,  MIN- 
NESOTA, AND  DAKOTA. 

By  act  approved  August  14,  1876- $10,000  00 

By  act  approved  June  18,  1878 30,000  00 

By  act  approved  March  3,  1879 25,000  00 

By  act  approved  June  14,  1880 20,000  00 

Total 85,000  00 

Original  estimate  for  completing  existing  project 335, 310  18 

Kemaining  to  be  appropriated 250,310  16 

Money  statement 

July  1,  1879,  amount  available $41,304  39 

Amount  appropriated  by  act  approved  June  14, 1880 20, 000  00 

$61, 304  39 

July  1,  1880,  amount  expended  during  fiscal  year 14, 200  61 

July  1,  1880,  outstanding  Uabilities 957  36 

15, 157  97 

July  1,  1880,  amount  available 46,146  42 

Amoont  (estimated)  required  for  completion  of  existing  project 250, 310  18 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882 : 

For  lock  and  dam  at  G<M>se  Rapids $100,000  00 

For  buildinff  new  dredge  and  dredging  between  Moorhead  and 
boundary  line 40,000  00 

For  removal  of  obstructions  between  Breckenridge  and  Moor- 
head       10,000  00 

150,000  00 


COBfMERCIAL  STATISTICS. 


Freight  received  and  shipped  during  season  of  1879. 


By  what  line. 


Steamer  Grandin . . . 

Stetuner  Plnok 

Do 

Flat-boats 

Do 

Red  River  Tranflpor- 
tation  Company. 

Total 

100  £ 


CO 

Is 

s 


2,522,949 

800,000 
240,000 

577,860 
17, 817, 190 

7.040,390 


28,998,889 


Where  received. 


Fargo. 


do 

Fort  Abercrombie 


do... 

Hoorhead 


Saint    Vincent    and 
Fiaher's  Landing. 


Destination. 


Way 


....do 

Fargo  St  Moor- 
hrad. 

.    do   

Winnipeg  and 

Fort  uarry. 
Winnipeg 


9 


o 


6,431,683 
1,200.000 


88,660 


6, 720, 342 


Deatuiation. 


Fargo  Sc  Moor- 

hrad. 
....do ......... 


Saint  Vincent 
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The  number  of  passengers  carried  is  not  stated,  but  it  is  known  to  be  large.  In  l^*^ 
the  Red  River  Transportation  Company  alone  carried  about  13,190.  Dunng  the  fall 
of  1879  there  was  shipped  to  Moorlieail,  from  points  down  the  river,  92,000  boshels  of 
wheat  of  that  year's  harvest.  During  the  year  1876,  and  of  the  harvest  of  the  umv 
year,  there  was  shipped  but  13,000  bushels,  an  increase  of  79,000  bushels  in  1H7S  over 
Vhat  of  1878,  which  increase  was  entirelj'  due  to  the  working  of  the  United  States 
dredge,  as  all  other  conditions  were  the  same  except  that  the  lowest  stage  of  water 
Was  m  1879. 

It  is  estimat'ed  that  the  tonnage  for  1H80  will  be  at  least  double  that  of  1879,  owing 
to  the  fact  of  continued  high-water  this  season  in  connection  with  the  continued  work 
of  dredging. 

As  a  matter  of  general  information  the  fallowing  estimate  of  the  amount  of  wheat 
raised  in  the  Red  River  Valley  in  1879  is  submitted : 

BosheU. 

Clay  County,  Minnesota 640,(Nf 

Wilkin  County,  Minnesota 300,(m*' 

Polk  Comity,  Minnesota 510,01"' 

Marshall  County,  Minnesota 75, 0(^' 

Kittson  County,  Minnesota 150,  (Kn- 

Richland  County,  Dakota 150,  W 

CassCountv,  Dakota 1,300,00" 

Traill  County,  Dakota gOO.O"-' 

Grand  Forks  County,  Dakota 500.  Of 

Pembina  County,  Dakota 150,  U0<' 

Total 4,(i7.5J)«''. 


RKPOUT  «>F   MR.    i  HARLKS   WANZER,   ASSISTANT   KNGINKKK. 

Red  River  of  the  North,  June  30,  ltf^O. 

Major  :  In  accordance  with  your  instructions,  this  report. of  operations  conducted 
by  me,  under  your  supervision,  on  the  Red  River  of  the  North,  during  the  past  fisra 
year,  is  respectfully  submitted. 

The  operations  have  consisted  in  the  constant  running  and  working  of  the  dredge 
an  examination  of  the  river  from  Frog  Point  (which  place  was  the  terminal  point  of 
Colonel  Farquhar's  survey)  to  the  United  States  boundary  line,  a  short  survey  ol 
Goose  Rapids  in  connection  with  the  proposed  location  of  f(  lock  and  dam,  and  tb* 
clearing  out  of  snags  aud  overhanging  trees  on  that  portion  of  the  river  between  olt! 
Fort  Abercrouibie  and  Moc»rhead. 

I.— I>RK1>01XG. 

This  work  has  been  carried  on  in  the  same  manner  as  detailed  in  my  report  of  Jam 
30,  1879,  and  with  goo<l  general  success. 

The  enect  of  the  work  has  been  beneficial  in  every  particular,  and  st'eamlioat  an<i 
other  river  men  all  bear  favorable  testimony  to  the  results  obtained.  In  every  ea<(' 
it  has  been  found  advisable  to  excavate  so  as  to  leave  the  channel  (where  it  is'natu- 
rally  located)  on  or  near  the  points  instead  of  in  the  bends ;  the  greater  depth  of  water 
being  invariably  (as  stated  in  my  last  report)  on  the  side  of  the  river  convex  to  thc 
axis  of  the  stream,  and  this  condition  holds  truf  from  Fort  Abercrombie  above  Moor- 
head  to  the  gravel  beds  of  Goose  Rapids,  and  is  entirely  due  to  the  slides  from  th<> 
steep  clay  banks  touching  the  bends  of  the  river. 

The  general  plan  of  the  work  from  Moorhead  to  the  mouth  of  the  Cheyenne  RiviT 
has  been  to  excavate  through  the  shoals  a  channel  of  at  least  60  feet  in  width  anil  :i 
low-water  depth  of  at  least  2.C  feet.  The  work  done  on  this  part  of  the  river  does  n<»l 
pretend  to  be  perfected,  but  was  hurried  through  in  order  to  render  as  much  aid  &<• 
possible  to  the  transportation  of  last  season^s  crops,  and,  at  the  same  time,  every  ynnl 
of  earth  moved  was  in  conformity  to  what  must  eventually  become  the  settled  metIi<Hl 
of  improving  the  river.  Great  care  was  taken  in  all  cases  to  measure  cross-sections  of 
the  river  where  any  work  was  to  be  done  ;  these  areas  were  computed  and  the  exca- 
vated material  was'so  deposited  in  the  form  of  training  dams  as  to  contract  the  stream 
sufficiently  to  counterbalance  the  increased  areas  naturally  obtained  by  dredging,  tlin« 
avoiding  the  antici])ated  danger  of  draining  the  river  above  the  work.  These  train- 
ing dams  were,  in  all  cases,  made  on  the  side  of  the  river  concave  to  its  axis,  and  the 
only  effect  of  high- water  this  spring  has  been  to  flatten  out  the  dams  somewhat,  ami 
to  deposit  the  material  further  into  the  bends ;  a  fact  to  be  desired. 
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Daily  jfanges  were  kept  both  below  and  above  tbe  work,  and  satisfactory  proof  that 
ihe  dredging  has  caused  no  draining  of  the  river  is  furnished  by  the  fact  that  during 
the  whole  season  the  daily  temporary  gauges  kept  on  the  work  checked  at  all  times 
%vithih  1^  of  a  foot  with  the  permanent  gauge-readings  above  the  dredge  at  Moorhead. 
The  work,  since  spring,  has  oeen  entirely  below  the  mouth  of  the  Cheyenne  River  and 
has  been  thoroughly  done.  The  excavated  material  has  all  been  deposit'Cd  on  the 
bankH,  above  low-water  mark,  at  least  5  feet.  This  has  required  in  most  places  that 
the  dredge  should  make  2  cuts  at  each  place  to  be  improved,  and,  to  avoid  expensive 
reliandling,  the  excavated  material  has  been  thrown  or  dumped  on  a  barge  attached 
to  the  dredge,  with  a  slide  arrabge4l  on  it  which  throws  the  spoil  a  distance  in  the 
clear  of  23  feet  from  the  side  of  the  dredge.  This  slide  has  a  slope  of  1  in  3,  and  with 
the  aid  of  water  forced  through  a  hose  discharges  the  material  as  desired. 

The  total  number  of  miles  of  river  gone  over  by  the  dredge  during  the  year  is  about 
3G,  and  the  entire  length  of  continuous  excavation  is  a  trifle  over  5  miles.  The  total 
nnml>er  of  yards  of  earth  removed  during  the  year  is  57,610. 

During  the  season  of  1879  the  river  was  open,  free  of  ice,  and  capable  of  navigation 
for  a  period  of  208  days,  and  was  clear  again  of  ice  on  April  14  of  this  year.  Some 
ditticulty  was  experienced  last  year  in  obtaining  the  necessary  fuel  for  runuibg  the 
dredge,  at  moderate  prices,  especially  toward  the  latter  part  of  the  season,  but  this 
obstacle  has  been  overcome  for  the  present  season  by  the  purchase  of  some  wood  dur- 
ing the  past  winter  which  is  now  being  saved  for  emergencies  in  the  coming  fall. 

At  this  point  it  is  but  pniper  to  mention  to  you  the  courtesies  extende<l  to  the  work 
by  the  steamboat  men  on  the  river,  and  especially  by  the  general  and  subofficials  of 
the  Grandin  line;  they,  in  all  canes,  attesting  their  interest  in  the  work  by  officially 
and  peiTjonally  doing  everything  in  their  power  which  could  aid  me  in  the  conduct  of 
affairs. 

Below  I  submit  a  table  of  the  tonnage  of  the  river  during  the  season  of  1879,  and  an 

estimate  of  the  amount  of  wheat  raised  in  the  Red  River  Valley  during  that  season, 

and  will  only  add  that  there  is  one  fact  which  demonstrates  the  good  results  of  the 

government  improvementH,  viz:  That  there  were  shipped  tjo  Moorhead,  from  down 

the  river,  92,000  bushels  of  wheat  during  the  fall  of  itf79,  of  that  year's  harvest,  as 

against  13,000  bushels  capable  of  being  shipped  over  the  sam«'  ]»oi'tion  of  the  river  in 

1H78,  of  that  year's  harvest.    This  increase  was  entirely  due  to  the  working  of  the 

tln^dge,  as  all  oth«'r  conditions  were  the  same  excepting  that  the  lowest  stage  of  water 

was  in  1879.    The  tonnage  of  the  river  for  this  year  is  safely  estimat'Od  to  be  at  least 

floiible  of  last,  owing  to  the  fact  of  continued  high-water  this  season  in  conjunction 

with  the  continued  work  of  dredging.    The  stage  of  water  since  the  (^euing  of  navi- 

^.aiion  has  been  very  favorable  for  boating  purposes,  the  gauge  below  the  Cheyenne 

River  showing  an  average  of  about  6  feet  above  low-water  and  an  average  discharge 

of  over  2,000  cubic  feet  per  second,  as  against  a  low- water  discharge  of  less  than  1,000 

fei*t. 

The  machinery  of  the  dredge  has  proved  itself  equal  to  all  that  wan  expected  of  it. 
This  season,  **  hog,"  or  bearing  chains,  and  supports  to  the  boiler  have  been  added  to 
rfie  hull. 

The  dredge  and  barges  have  been  recalked  and  painted,  and  duplicate  castings  of 
t  lie  diflfercnt  parts  of  the  machinery  that  were  wearing  out  have  been  purchased.  The 
dredge  is  now  as  strong  and  in  as  good  condition  as  when  it  was  first  built. 

II. — THE   EXAMINATION'   OF    THE    RIVER    FROM    FROG    POINT    TO    THE    INT>:RNATI0NAL 

BOITNDARY  LINE. 

The  method  of  making  this  examination  was  the  taking  of  channel  sonndings  the 
eutire  distance  and  topographical  notes.  All  soundings  were  located  in  reference  to 
kno^vn  points  and  checked  on  every  east  and  west  section-line  of  the  Minnesota  govern- 
ment  land  sarvey  as  they  cut  the  river.  The  total  distance  from  Frog  Point  to  the 
l>ouiidary  line  is  98  miles  by  land,  and  180  by  river.  The  total  fall  of  the  low-water 
ri  ver  surface  for  this  distance  is  49  feet,  or  an  average  slope  of  0.27  foot  per  mile. 

The  resalts  of  the  examination  are,  in  general  terms,  given  below,  the  river,  for 
tUis  purpose,  being  divided  into  five  sections: 

1.  IVom  Frog  Point  to  Grand  ForkSf  Dakota. — ^The  distance  between  these  two  points 
it^  by  land  22  miles  and  by  river  35.  The  fall  or  slope  for  this  distance  is  12.8  feet,  giving 
ifcTi  average  slope  per  mile  of  0.365  foot.  This  section  of  the  river  is  by  far  the  best  por- 
r  ion  that  is  situated  within  the  limits  of  the  United  States.  The  banks  are  high  and 
on  the  Minnesota  side  well  timbered  with  oak,  ash,  and  elm  for  a  distance  of  2  miles 
f  »ack  from  the  river.  On  the  Dakota  side  the  quality  of  the  timber  is  the  name,  but 
the  belt  is  much  narrower.  A  line  drawn  from  point  to  point  of  the  Dakota  bends 
would  include  nearly  all  the  timbered  country.  The  obstnictions  in  this  section  of 
rlie  river  consist  of  13  snags,  4  overhanging  trees,  and  1  gravel  bar  which  would  be 
easily  removed  by  dredging.  With  the  exception  of  this  bar  no  place  was  ioimd  with 
u  lo^'- water  sounding  of  less  than  4  feet,  and  the  general  channel  indicates  a  depth 
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of  from  6  to  10  feet.  The  river  has  a  varying  width  of  from  100  to  200  feet,  and  differs 
from  the  section  above  Goose  Rapids  in  the  fact  that  the  channel  is  in  nearly  till 
cases  in  the  middle  of  the  river.  The  bottom  throughont  t^e  whole  distance  is 
gravelly  and  full  of  small  bowlders,  and  consequently  not  liable  to  sadden  changes. 

2.  From  Grand  Forks  to  the  mouth  of  the  Turtle  i?trer.— Grand  Forks  is  sitoatfed  in 
Dakota  directl}'  opposite  the  junction  of  the  Red  Lake  River  with  the  Red  River  of  the 
North.  On  receiving  this  tributary  (by  far  its  largest)  the  Red  River  widens  from 
137  to  250  feet.  At  this  point  the  lirst  appearance  of  bars  formed  of  clay  mixed  i^ith 
sand  takes  place.  This  sand  is  all  thrown  out  of  the  Red  Lake  River,  and  indicate.^ 
large  deposits  of  that  material  up  that  stream.  The  gauging  of  the  Red  Lake  Biver 
shows  a  low-water  discharge  of  £)0  cubic  feet  per  second,  which  about  equals  the  low- 
water  discharge  of  the  Red  River  at  Moor  head.  Below  Grand  Forks  the  Red  River  keeps 
a  very  regular  and  continuous  width  to  the  boundary  luie,  seldom  being  narrower  than 
225  feet  or  wider  than  300  feet.  The  distance  from  Grand  Forks  to  the  mouth  of 
Turtle  River  is  by  land  18  miles  and  by  river  25.  The  slope  between  the  two  points 
is  6.2  feet,  or  an  average  of  0.403  foot  per  mile.  The  timber  for  the  first  9  miles  is  a 
narrow  belt  on  either  side  of  the  river,  but  for  the  next  9  it  widens  out  to  |  of  a 
mile  on  the  Minnesota  side  and  to  2  miles  on  the  Dakota  side.  The  quality  is  the 
same  as  that  on  the  upper  river.  The  condition  of  the  river  from  Grand  Forks  to  the 
Turtle  River  bars  (a  distance  of  11  miles)  is  good,  with  no  low-water  soundings  of  less 
than  4  feet.  The  Turtle  River  bars  extend  tor  a  distance  of  5  miles  and  can  only  be 
removed  by  di*edgiug,  as  recommended  by  Col.  F.  U.  Farquhar,  under  whose  super- 
vision detailed  surveys  were  made  of  this  locality  in  the  summer  of  1877,  by  C.J.  A. 
Morris,  assistant  engineer.  Wing-dams  might  be  advantageously  used  to  maintain  i 
channel  through  these  bars  after  it  had  been  once  dredged  out.  From  the  foot  of  these 
bars  to  the  Turtle  River,  a  distance  of  9  miles,  the  character  of  the  river  is  improviid. 
only  two  bars  of  any  length  being  found  in  my  soundings.  But  in  improving  the  river 
a  large  amount  of  dredging  would  have  to  bedone  to  short  bars  and  lumps  other  thnn 
those  mentioned  here,  as  only  the  largest  and  most  troublesome  are  hero  considered. 

3.  From  the  m^uth  of  Turtle  River  to  the  mouth  of  the  Big  Salt  Biver. — ^These  two  points 
are  distant  from  each  other  by  land  13  miles  and  by  river  30|  miles.  Through  thi^ 
section  of  the  river  more  shallow  water  is  found  than  in  any  other,  with  the  exception 
of  Turtle  River  and  Pelican  bars.  The  bottom  is  ver>'  uneven  and  the  transitions 
^m  10  to  2^  feet  soundings  are  very  abrupt  and  numerous.  None  of  the  bars  are 
long,  but  few  extending  for  a  greater  distance  than  500  feet.  The  timber  belt  on  this 
portion  of  river  is  a  full  mile  wide  on  both  banks,  that  on  the  Dakota  side  Ixfing  the 
most  valuable,  fire  having  materially  injured  that  on  the  Minnesota  shore. 

4.  From  mouth  of  the  Big  Salt  Biver  to  the  lower  end  of  the  Pdican  Bars, — ^This  distant* 
is  17  miles  by  land  and  40 miles  by  river.  The  tributaries  to  this  section  are  the  Suakc 
Little  Salt,  and  Tamarac  rivers.  The  total  fall  of  the  river  from  the  mouth  of  tlie 
Turtle  River  to  the  lower  end  of  the  Pelican  Bars  (a  distance  of  70^  miles)  is  20.<36l 
feet,  with  an  average  slope  per  mile  of  0.293  foot.  The  fiist  24  miles  of  river  he\ov 
the  mouth  of  the  Big  Salt  are  in  fair  condition,  and  but  little  dredging  would  he  i^ 
quired  to  give  a  Continuous  4-foot  depth  of  channel.  The  succeeding  1(5  miles  wiU  re- 
q^uire  more  dredging  to  obtain  a  4-foot  channel  than  any  other  portion  of  the  lower 
river.  There  is  one  section  of  5  miles  that  would  require  continuous  dredging  to  fur- 
nish a  greater  low- water  depth  than  30  inches.  This  is  in  addition  to  the  Pelican  Bars, 
in  regard  to  which  I  can  furnish  no  additional  information  to  the  accnrate  notes  of  thi* 
survey  made  under  Msyor  Farquhar.  The  timber  over  this  whole  section  is  of  little 
value  and  the  belt  becomes  narrower  and  more  nearly  worthless  as  you  approach  the 
Canadian  line. 

5.  From  the  Pelican  Bars  to  the  boundary  line. — ^The  river  between  these  points  is  in 

food  navigable  condition,  free  from  snags  and  bars,  and  is  being  constantly  traver^l 
y  steamboats.  The  tributaries  are  Middle  River  and  Two  Rivers  from  the  Minnesota 
side,  and  the  Pembina  River  from  the  Dakota  side,  all  small  streams  in  the  summer 
season  but  which  discharge  a  large  amount  of  water  during  the  melting  of  the  snow 
in  the  spring.  There  is  at  present  a  3^-foot  depth  of  channel  over  this  section  of  the 
Red  River,  and  no  improvements  of  any  kind  will  be  necessary,  at  least  until  the  bar!» 
and  obstructions  above  have  been  removed  and  the  effect  of  their  removal  noted.  Tht" 
slope  of  the  river  over  this  section  (a  distance  of  28  miles  by  land  and  48  miles  by  river} 
is  only  9.333  feet,  the  average  slope  per  mile  being  0.194  foot. 

ni.—THE    CLEARING   OUT    OF    SNAGS    AND    OVERHANGING    TREES    ON  THAT    PORTION 
OF  THE  RIVER  BETWEEN  OLD  FORT  ABERCROMBIE  AND  MOORHXLAD. 

This  work  commenced  on  January  1,  1880,  and  was  finished  March  31,  1880.  Thi!» 
work  was  done  entirely  on  the  ice  and  much  more  economically  than  it  ooald  have 
been  done  at  any  other  time.  I  know  of  no  place  where  the  same  amoant  of  moDe,^ 
could  have  been  expended  to  better  advantage,  or  furnished  more  relief  to  the  settlers 
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in  the  valley.  The  clearing  out  of  this  portion  of  the  river  makes  it  fully  as  capable 
of  navigation  as  the  30  miles  of  river  below  Moorhead  was  before  the  dredge  com- 
menced it«  work  there. 

Tlie  total  number  of  obstructions  removed  during  the  three  winter  mouths  was 
4,370,  of  which  219  were  snags  and  4,151  were  overhanging  trees. 

Last  year  a  steamer  att-empted  to  transport  wheat  over  this  section  of  river  but 
gave  up  the  undertaking  after  sinking  a  barge  load  for  each  of  the  two  trips  it  made. 
It  is  believed  that  they  will  have  no  farther  trouble  on  account  of  trees  or  snags  dur- 
ing tliis  season.  From  Breckenridgo  to  Fort  Abercrombie  the  river  is  free  from  trees 
as  the  b.ank8  have  no  timber  on  them.  The  river  is  also  wide  and  shallow,  with 
gravel  bottom  and  frequent  bowldeiti  varying  in  size  from  ^  yard  to  5  cubic  yards. 
The  banks  are  high  and  the  subsoil  has  a  mixture  of  sand  and  gravel.  From  Fort 
Abercrombie  to  Moorhead  the  bottom  of  the  river  is  composed  entirely  of  blue  clay 
and  has  the  snuie  characteristics  as  that  portion  below  Moorhead. 

IV.— A  SURVEY  ON  aOOSE  RAPIDS. 

I'his  consisted  of  a'  short  survey  made  during  the  early  part  of  November  last,  for 
tlie  puri>ose  of  acquiring  additional  information  in  reference  to  the  best  method  of 
improving  these  rapids.  This  survey  commenced  at  the  old  proposed  location  of  lock, 
and  extended  down  the  river  a  distance  of  7  miles.  As  regards  the  necessity  of  a  lock 
and  dam  to  flow  ont  what  is  known  as  Goose  Rapids  there  can  bo  no  question,  as  the 
Hlope  of  the  liver  is  very  considerable  and  the  bed  is  full  of  bowlders  and  gravel. 
l)red}{ing  would  be  injurious  on  account  of  the  great  fall,  unless  supplemented  by  an 
extensive  system  of  wing-dams,  which  would  themselves  prove  a  serious  obstruction. 
Below  is  given  the  slopes  and  distances  by  river  from  the  head  of  the  rapids  to  the 
proposed  dam-site. 

Distance  in  miles. 

From  Goose  River  to  0«,  fall  =  1.422  feet 1 

From  O' toPS  fall  =  1.444  feet 1.62 

From  P^toR',  fall  =  1.226  feet 1.94 

From  RUo  W^  fall  =  4.563  feet 2.84 

From  Wno  XS  fall  =  1.246  feet 1.74 

FroraX=»toZ2,  fall  =  0.660  feet 1.06 

From  Z*  to  A»,  fall  =  l.r)55  feet 1.82 

I?>oiu  A*  to  proposed  dam,  fall  =  0.550  feet 1. 14 

Tho  above  portion  of  the  river  would  all  be  perfected  and  the  slope  be  overcome  by 
a  lo<'k  and  dam  with  a  lift  of  12  feet. 

Above  Goose  River  the  slope  is  small  and  the  bottom  composed  of  clay,  and  the  only 
iuiproveuient  necessary  is  dredging. 

I  would  merely  add  that  from  all  information  acquired  in  three  seasons  spent  on  the 
river,  both  from  outside  testimony  and  my  own  observation,  I  am  convinced  that  a 
lock  and  dam  can  be  built  in  the  river  proper  with  as  much  immunity  and  safety  from 
dood»  and  ice-Jams  as  by  incurring  the  additional  expense  of  excavating  and  building 
through  a  tongue  of  land  45  feet  high  and  400  feet  wide.  But  on  account  of  the 
extreme  high- water  which  sometimes  visits  this  river  I  would  recommend  that  the 
dam  be  a  movable  one,  such  as  is  in  operation  on  the  Big  Kanawha  River. 

For  the  proper  improvement  of  the  various  portions  of  the  Red  River  of  the  North 
I  would  resj>ectfully  suggest  the  following:  The  building  of  another  dredge  to  operate 
on  the  river  below  Grand  Forks. 

There  will  be  an  abundance  of  work  for  two  dredges  for  ten  years  to  come  to  per- 
fect the  channel,  and  with  only  one  machine  either  the  work  must  be  slighted  or  one 
or  the  other  portion  of  the  river  be  sadly  neglected.     For  the  improvement  of  Goose 

Rapids  I  would  recommend  the  building  of  a  lock  and  dam. 

•  «  «  fr  «  •  • 

Vcrj'  respectfully  submitted. 

Charles  Wanzer, 

Assifilant  Kngitieer, 
Maj.  Chas.  J.  Ali.ex, 

Captain y  Corps  of  Engineern  V,  S.  A. 
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U  8, 

SURVEYS  FOR  RESERVOIRS  AT  SOURCES  OF  THE  MISSISSIPPI,  SAINT 
CR01X,CHIPPEVVA,  AND  WISCONSIN  RIVERS,  TO  DETERMINE  THE  PRAC- 
TICABILITY AND  COST  OF  CREATING  AND  MAINTAINING  RESERVOIRS 
UPON  THE  HEADWATERS  OF  SAID  RIVERS,  WITH  A  VIEW  TO  IMPROV- 
ING THE  NAVIGATION  OF  THE  SAME. 

This  examination  and  survey  was  continued  under  provision  of  the 
following-named  act  of  Congress,  approved  March  3, 1879: 

For  examination  and  Hnrvcys,  for  reservoirs  at  sources  of  tlie  Mississippi,  Saint  Croix. 
Chippewa,  and  Wisconsin  rivers,  completing  survey,  tweuty-tive  thousand  dollars. 

The  details  of  operations  being  given  in  progress  rei>ort8  dated 
December  12, 1879,  and  January  15,  1880,  both  with  maps,  and  sub- 
reports,  published  in  Uouse  Ex.  Doc.  No.  39,  Forty-sixth  Congress,  second 
session  which  reports  are  here  respectfully  referred  to.  Revised  lists  of 
lands  liable  to  overflow  from  construction  of  reservoirs,  also  respectfully 
referred  to,  were  furnished  to  the  department  on  the  12th  of  April  and 
the  12th  of  June,  1880. 

Section  2,  river  and  harbor  act,  approved  June  14,  1880,  provides  : 

That  the  Secretary  of  War  is  hereby  directed,  at  his  discretion,  to  cause  examiii;!- 
tions  or  surveys,  or  both,  to  be  made,  &c.,  and  that,  of  the  sum  of  8lnO,000  herein 
appropriated  for  surveys  and  examinations,  the  sum  of  $15,000  may  be  exywnded  in 
the  completion  of  the  survey  of  the  reservoir  system  on  the  headwaters  of  the  Missis- 
sippi Kiver,  including  Rock  River  in  Wisconsiu  and  Illinois. 

It  18  proposed  to  continue  the  surveys  and  examination  as  hereto 
fore,  and  in  the  manner  detailed  in  the  reports  to  date. 

j\foney  statement. 

July  1,  1879,  amount  available §19,:J53  41 

Amount  appropriated  by  act  approved  June  14,  1880  * 15, 000  00 

:>J4,:553  41 

July  1,  18H0,  amount  expended  during  fiscal  year 19, 108  5:5 

July  1,  1880,  outstanding  liabilities 244  8t< 

19,353  41 

July  1,  1880,  amount  available 15,000  00 


EXAMINATIO>^S  AND  SURVEYS  AT  THE  SOURCES  OF  THE  3nSSISSIPri 
BIVER,  AND  OF  THE  SAINT  CROIX  BIVER,  IN  WISCONSIN  AND  MIN>B- 
SOTA,  AND  OF  THE  CHIPPEWA  AND  WISCONSIN  RIVERS,  IN  THE  STATE 
OF  WISCONSIN,  WITH  A  VIEW  TO  FEASIBILITY,  COST,  ETC.,  OF  CON- 
STRUCTING AND  MAINTAINING  RESERVOIRS  FOR  THE  IMPBO\rB>IENT 
OF  THE  NAVIGATION  OP  THOSE  RIVERS,  AND  THAT  OF  THE  MISSL< 
SIPPI  RU^R,  IN  ACCORDANCE  WITH  ACTS  OF  CONGRESS  OF  JUNE  18. 
1878,  AND  MARCH  3,  1879. 

EXAMINATIONS  AND  SURVEYS    AT    HEADWATERS  OF   THE  MlSSISSIPri 

RIVER. 

Engineer  Office,  United  States  Army, 

JSaint  Paul,  December  113, 1879. 

General  :  I  have  the  honor  to  submit  the  following  progress  report 
pertaining  to  the  proposed  system  of  reservoirs  at  the  sources  of  the 
Mississippi  River.  .  , 

My  last  report  upon  this  subject,  dated  January  15,  1879,  contained 
an  estimate  of  $336,4o8.60  for  the  construction  of  seven  dams  to  create 
reservoirs  at  Lake  Winnibigoshish,  Leech  Lake,  Mud  Lake,  below  Ver- 

•  Section  2,  river  and  harbor  act,  approved  June  14,  1880,  says  this  amouut  may  b* 
expended  in  the  completion  of  the  reservoir  system  on  the  headwaters  of  the  Mi«i«- 
sippi  River,  including  Rock  River  in  Wisconsin  and  lUiuois. 
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million  liiver,  at  l^okegama  Falls,  at  Gall  Lake,  and  at  Pine  River ; 
also  an  estimate  of  the  cost  of  maintenance,  understanding  by  this  the 
necessary  repairs  for  the  first  ten  years,  and  in  addition  an  estimate 
of  the  cost  per  annam  of  operating  the  dams,  cost  of  telegraph  lines,  &c. 
There  appears  no  reason  for  changing  the  above  estimate,  excepting  in 
so  far  as  the  increase  in  prices  of  material  and  labor  since  then.  On 
account  of  the  increase  in  prices  it  seems  prudent  to  add  at  least  15  per 
cent  to  the  above  estimates,  making  the  total  cost  of  the  dams  and  ap- 
purtenances $386,927.39,  and  the  cost  of  telegraph  lines,  including  bat- 
teries, &c.,  $15,525.  The  cost  of  repairs  for  the  first  ten  years  being 
difficult  to  state  with  anything  like  accuracy,  may  be  left  as  rendered  in 
last  report,  as  well  as  the  cost  per  annum  ($7,840)  of  operating  the  sys- 
tem of  dams. 

The  examinations  pertaining  to  the  sources  of  the  Mississippi  during 
the  past  season  have  mainly  consisted  in  meteorological  observations 
and  gaugings  of  the  flow  in  the  streams.    Three  meteorological  stations 
iiave  been  steadily  maintained,  viz,  one  at  Leech  Lake,  one  at  White 
Earth,  and  one  at  Ked  Lake,  the  latter  point  chosen  as  it  is  on  the 
*'^divide'' of  the  waters  flowing  into  Cass,  VVinnibigoshish,  and  other 
lakes  supplying  the  Mississippi  and  waters  flowing  into  the  Red  Kiver 
of  the  North,  the  annual  quantity  of  precipitation  decreasing,  as  may  be 
seen  by  an  inspection  of  the  tables  appended  to  this  and  also  my  last 
rej>ort,  as  we  go  north  and  west,  and  increasing  generally  as  we  go  east 
and  south  from  Red  Lake.    Before,  the  establishment  of  these  meteoro- 
logical stations,  no  satisfactory  data  were  at  hand  upon  which  to  base 
estimates  of  the  8ui)ply  of  water,  the  only  method  being  to  obtiiin  a 
mean  of  the  i>recipitation  recorded  for  a  number  of  years  at  military  and 
otlier  posts  in  the  regions  adjoining  the  area  of  country  under  consider- 
ation.    The  computation  by  this  method  compared  favorably  with  that 
made  by  talking  the  low-water  discharges  of  the  streams,  so  far  a«  could 
be  done,  for  one  of  the  fiictors.    The  average  annual  precipitation  for 
the  entire  area  was  assumed  at  25  inches,  and  0'.7  assumed  as  the  jior- 
tion  actually  finding  its  way  into  the  streams,  and  which  could  be  de- 
pended upon  to  subserve  the  purposes  of  the  reservoirs,  the  rest  sup- 
j>ostMl  to  be  lost  by  evaporation,  infiltration,  demands  of  vegetation, 
«&e.     Continuous  observations  at  these  stations  for  15  months  give  the 
following : 

Table  of  iHches  of  rain/all  from  Septewhtr  1,  IH?-'^,  to  Deamhr  1,  1^7l). 
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It  will  be  seen  by  inspection  of  the  above  table  that  the  rainfall  at 
Leech  Lake  was  the  same  in  amount  in  September,  1878,  as  in  Septem- 
ber, 1879 ;  that  in  October,  1878, 1.65  inches  more  were  recorded  than 
for  the  same  month  in  1879 ;  and  that  in  November,  1879,  0.05  inch  more 
rainfall  was  measured  than  in  November,  1878.  At  Bed  Lake  for  the 
months  of  September,  October,  and  November,  1878,  the  records  show, 
respectively,  3.28  inches,  1.95  inches,  and  0.06  inch ;  while  for  1879,  for 
the  same  months  and  in  the  order  named,  the  records  show  0.89  iucli, 
2.19  inches,  and  0.18  inch. 

The  White  Earth  records  show  for  September,  October,  and  Novem- 
ber, 1878, 2.23  inches,  1.75  inches,  and  1.03  inches ;  while,  for  the  corre- 
sponding months  in  1879,  the  records  are  1.61  inches,  7.08  inches,  and 
0.34  inch. 

The  mean  of  the  rainfall  at  these  stations  for  the  above-named  months 
of  1878,  is  1.85  inches,  while  for  the  same  period  in  1879  it  is  1.90  inches 
or  about  the  same  in  value.  An  unusual  quantity  of  rain  is  report^  to 
have  fallen  at  White  Earth  during  the  month  of  October  and  the  recordji 
confirm  the  statement.  For  purposes  of  calculation  of  the  supply  it  will 
be  necessary  to  consider  the  rainfall  for  one  year,  and  the  period  from 
September  1, 1878,  the  earliest  date  at  which  reliable  observations  were  . 
commenced  at  the  White  Earth,  Leech  Lake,  and  Red  Lake  stations  is  | 
accordingly  taken.    The  yearly  amount  at  each  of  the  above  is —  j 

Inches'       I 

At  Leech  Lalfe 24.4i»     | 

At  Red  Lake 21.47 

At  White  Earth 30.17 

Mean =25.37 

By  glancing  at  the  map  it  will  be  seen  that  Cass  and  Winnibigoshisb 
Lakes  are  nearly  equidistant  from  the  Bed  Lake  and  White  Earth  sta- 
tions, and  that  AYhite  Earth,  although  in  the  watershed  of  the  Bed 
Eiver,  is  but  a  short  distance  from  Lake  Itasca.  Duluth,  also  a  meteo- 
rological station,,  lies  about  110  miles  to  the  east  and  south  of  Lake  Win- 
nibigoshisb, but  its  rainfall  is  not  here  considered  on  account  of  the 
meteorological  conditions  of  that  station.  Pine  Eiver  and  Gull  Lake 
are  about  midway  between  Leech  Lake  and  Port  Eipley. 

Itaska,  Cass,  and  Winnibigoshisb  Lakes  form  part  of  the  Mississippi 
proper.  For  the  Winnibigoshisb  basin,  it  is  fair  to  assume,  for  the  rain- 
fall during  the  year  under  consideration,  a  mean  of  that  at  Bed  Lake. 
White  Earth,  and  Leech  Lake,  or,  25.37  inches.  For  the  Leech  Lake 
basin,  we  take  its  own  record,  viz,  24.49  inches.  For  the  Mud  Lake, 
Vermillion,  and  Pokegama  basins,  the  Leech  Lake  record  will  apply,  as 
can  be  seen  by  inspecting  the  map.  For  the  Gull  Lake  and  Pine  Eiver 
basins,  a  mean  of  the  precipitation,  as  recorded  at  Leech  Lake  and  Fort 
Eipley,  is  assumed,  the  mean  being  25.9  inches.  For  the  entire  basin  of 
the  Mississippi  above  Saint  Paul,  the  mean  of  the  observations  for  the 
period  from  September  1, 1878,  to  September  1, 1879,  including  those  of 
Saint  Paul,  gives  26.36  inches,  and,  including  36.23  inches  at  Fort  SncU- 
iug,  for  the  same  period,  the  mean  is  about  28.34  inches.  This,  however, 
would  be  too  great  for  the  whole  basin,  on  account  of  the  proximity  of 
Fort  Snelling  to  Saint  Paul. 

It  is  apparent,  then,  that  the  value,  25  inches,  assumed  in  my  last  re- 
port, as  the  average  rainfall  over  the  entire  basin  is  within  safe  limits^ 
and  that  the  calculations  based  upon  that  factor  need  not  be  changed. 

The  determination  of  the  available  amount  of  pi'ecipitation,  that  which 
actually  finds  its  way  into  the  streams,  after  allowing  for  evaporation. 
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&c.,  is  very  difficult.  Observations  for  evaporation  have  been  made  at 
the  three  meteorological  stations  established  near  the  sources  of  the 
river,  as  well  as  some  at  Saint  Paul,  to  determine  the  ratio  between 
the  evaporation  irom  open  surfaces  of  water  and  that  from  the  marsh. 
These,  together  with  accompanying  observations  for  temperature  and 
force  and  direction  of  wind,  afford  some  data  applicable,  perhaps,  to 
particular  cases,  but  of  little  use  in  determining  questions  covering  large 
areas  of  country  broken  by  marsh,  forest,  streamlets,  lakes,  &c.  Gang- 
ings  of  the  streams,  and,  especially,  of  the  main  stream,  to  which  the 
whole  area  is  tributary,  if  long  continued,  would  afford  means,  by  com- 
parison with  the  total  rainfall  in  any  one  year  multiplied  into  the  area 
of  watershed,  of  determining,  approximately,  the  amount  of  water  lost 
by  infiltration,  evaporation,  vegetation,  &c.,  although  not  the  amount 
due  to  each  item.  Again,  some  of  the  small  lakes  contained  in  the 
watershed  have  no  visible  outlets,  although  large  portions  of  the  rain 
received  by  them  must  eventually  find  its  way  into  the  streams. 

Fortunately  our  meteorological  observations  since  September,  1878,. 

have  enabled  us  to  assign  a  mean  value,  with  confidence,  to  the  annual 

precipitation  for  the  entire  area  so  as  to  compare  measured  discharges 

of  the  river  during  a  considerable  period  of  time  at  Brainerd  and  Sauk 

Kapids,  and  thereby  deduce  the  quantity  of  water  flowing  for  the  same 

period  past  Pokegama  Falls.    The  area  of  country  tributary  to  the  river 

at  Pokegama  Falls  is  3,605  square  miles;  the  area  tributary  to  the  river 

above  the  mouth  of  Crow  Wing  River,  just  below  Brainerd,  is  7,729 

square  miles ;  and  the  area  tributary  to  the  river  at  Sauk  Kapids  is 

L%872  square  miles,  the  ratios  being  as  follows:  That  tributary  to  the 

river  at  Brainerd  to  that  tributary  at  Pokegama  Falls,  0.475,  and  that  at 

Sauk  Eapids  to  the  area  above  Pokegama,  0.204.    And  the  ratio  between 

the  area  tributary  to  the  river  at  Sauk  Kapids  and  that  tributary  at 

Brainerd  is  about  0.557.    In  1875  a  series  of  gaugings  to  determine 

the  discharge  was  taken  at  Brainerd  and  Sauk  Bapids,  and  at  other 

points  below,  from  which,  together  with  daily  observations  of  the  stage 

of  water,  was  deduced  and  plotted  for  each  point  a  curve  of  discharges 

covering  a  period  of  time  from  about  the  middle  of  April  to  the  middle 

of  October.  1875.    The  measured  and  calculated  discharge  of  water  past 

Saak  Rapids,  from  April  15  to  July  1,  1878,  was  155,158,120,000  cubic 

feet  of  water;  that  at  Brainerd  for  the  same  period*,  89,502,240,000 

cubic  feet.    Now,  on  the  principle  that  if  the  rainfall  is  equal  over  the 

areas  tributary  to  the  stream  at  these  points,  the  quantities  of  water 

passing  the  two  points  should  be  proportional  to  the  areas,  we  have 

the  proportion — 

7729  :  13872  : :  89,502,240,000  :  Q, 

ii  being  the  quantity  of  water  flowing  past  Brainerd. 

The  above  proportion  gives  for  the  value  of  Q  about  KJO, 700,000,000, 
a  clifiference  from  the  measured  and  calculated  volume  of,  in  round  nuni- 
berSy  5,500,000,000  cubic  feet,  a  percentage  of  less  than  4.  This  close 
agreement  enables  us  to  use  the  coefficients  above  stated  for  the  calcu- 
lation of  the  discharge  past  Pokegama  from  the  measurements  at  Brain- 
erd and  Sauk  Rapids.  The  discharge  past  Brainerd  being  for  the  period 
from  April  15  to  July  1,  inclusive,  89,502,240,000  cubic  feet,  we  have^ 
after  multiplying  it  into  the  coefficient  0.475,  42,542,004,000  cubic  feet 
as  the  quantity  passing  Pokegama  Falls  during  that  time. 

The  discharge  past  Sauk  Rapids  for  the  same  period  being  155,158,- 
120,000  cubic  feet,  we  have,  after  multiplying  the  amount  by  the  coel- 
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ficieut  0.2'U,  4l),9iH,743,G30  cubic  feet.    The  mean  of  the  two  would  be  . 
41,751,1)03,840  cubic  feet. 

Now,  prior  to  the  ir)th  of  April  there  wa^,  as  a  matter  of  course,  con- 
siderable water  passing  Pokegama  Falls,  for  the  discharge  could  not 
advance  from  zero  on  the  14th  of  April  to  10,400  cubic  feet  on  the  15th 
at  Brainerd,  nor  could  all  the  water  on  the  last-named  date  have  come 
from  the  water-shed  immediately  at  Brainerd.    The  quantity  of  water 
just  calculated  came  from  melted  snow,  early  spring  rains,  &c.,  the 
melted  snow  from  precipitation  during  the  winter  months. 
From  December  10  to  April  1  we  may  regard  the  wat<5r  courses  as 
'  ice-bound  to  the  extent  of  admitting  but  a  very  slight  flow  of  water.    It 
would  be  a  small  estimate  to  allow  3,000  cubic  feet  per  second  as  pass- 
ing Pokegama  Falls  for  a  period  of  15  days  to  represent  the  total  quan- 
tity of  water  escaping  from  the  watershed  above  Pokegama  Falls  from 

December  10  to  April  lo,  a  period  of  125  days,  or  per  second,  - -^-^^  l^r 

.'UJO  cubic  feet  per  second. 

The  reservoirs,  if  operated  in  the  interest  of  navigation,  would  seldom, 
if  ever,  be  opened  after  November  1.  It  would  not  require  less  than  lo 
days  (probably  20  days)  for  the  waters  liberated  from  the  upper  reservoirs 
to  prove  of  effect  at  Saint  l*aul.  Hence  there  would  be  little  occasion 
for  opening  the  gates  after  November  1.  An  inspection  of  the  gaugiugs 
of  the  streams  above  and  at  Pokegama  will  make  it  evident  tliaj  we  are 
fully  justified  in  assuming  a  mean  discharge  past  Pokegama,  from  No- 
vember 1  to  December  10,  a  period  of  40  days,  of  1,000  cubic  feet  of 
water  per  second.  Collecting,  then,  this  item,  and  the  3,000  cubic  feet 
l>er  second  for  the  15  days  in  April,  w^e  have  to  add  to  the  quantity  de- 
duced Irom  measurements  (40,000-1-45,000)  x  86,400=7,344,000,000  cubic 
feet.  And,  for  the  entire  quantity  passing  Pokegama  Falls  to  be  im- 
])Ounded  by  reservoirs,  we  have  41,751,903,840  cubic  feet+  7,344,000,000 
cubic  feet  equal  to  40,095,903,840  cubic  fei^t.  This  is  the  quantity  for 
only  five  of  the  reservoirs. 

Turning  our  attention  now  to  the  proposed  reservoirs  at  Gull  Lake  and 
Pine  Kiver,  we  find  (see  report  of  January  15, 1879)  that  the  supply  to 
those  reserv'oirs,  calculated  from  the  available  raiu&U,  is  16,933,1^73,750 
<*ubic  feet.  But  our  calculations  for  the  reservoirs  above  Pokegama 
Falls,  based  upon  rainfall,  gives  71,052,999,653  cubic  feet,  as  against 
49,095,903,840,  or  about  one-third  more  thau  by  the  calculations  in  this 
report.  Making  the  correction  and  allowing  for  the  capacities  of  the 
reservoirs,  we  have  for  Gull  Lake  and  Pine  Eiver,  in  round  numbers, 
(5,700,000,000  cubic  feet  more,  and  this,  added  to  the  quantity  for  the 
five  reservoirs,  gives,  in  the  aggregate  for  the  entire  system  of  seven 
reservoirs,  55,795,903,840  cubic  feet  available  for  use  by  the  Ist  of  July. 

This  calculation  is  based  upon  severe  hypothesis;  but  even  supi>osing 
the  quantity  just  named  to  be  all  that  can  be  impounded,  it  will  give  as 
for  100  days  a  little  more  than  6,400  cubic  feet  per  second  as  an  incre- 
ment to  the  lower  river  after  July  1.  The  Pine  River  reservoir  will 
furnish  a  small  surplus,  250  cubic  feet  per  second  for  100  days,  its  capa- 
city not  being  equal  to  the  supply,  which  surplus  was  not  considered  in 
the  above  aggregate. 

Kow,  during  the  lowest  stages  of  the  navigation  period,  the  discharge 
of  the  river  at  Saint  Paul  is  not  less  than  5,800  cubic  feet  per  second, 
which  discharge  is  supplied,  in  small  part,  from  the  watershed  tributary 
to  Pokegama  Falls,  but  late  in  the  fall.  We  have  supposed  tiie  reser- 
voirs not  to  be  closed  after  the  1st  of  July.  The  average  discharge  past 
Saint  Paul  prior  to  this  low  stage  is  in  excess  of  5,800  cubic  feet^  and 
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it  would  not  probably  be  necessary  to  open  the  gates  of  the  reservoirs 
liefore  July  15,  so  that  the  100  days'  increment  could  be  economized.  It 
is  claimed  by  some  that  mucU  of  the  increment  will  be  lost  by  evapora- 
tion and  absorption.  Let  us  assume  that  for  100  days  the  evaporation 
is  at  the  rate  of  0.1  inch  per  day,  or  10  inches  in  all,  and  that  there  are 
no  days  of  no  evaporation.  If  the  increment  increases  the  average 
width  of  the  river  200  feet  (a  large  allowance),  we  would  have  as  the  loss 
by  evaporation  for  that  period  200  x  5,280  x  350  x  0.83  =  306,768,000 
rubic  feet,  or,  for  100  days,  about  35  cubic  feet  per  second.  Pokegama 
is  distant  about  350  miles  from  Saint  Paul  by  river. 

Absorption  is  a  more  difficult  factor  to  arrive  at,  but  that  the  ground- 
water due  to  the  quantity  of  rainfall  not  regarded  as  available  for  the 
supply  of  the  water-courses  could  be  so  exhausted  as  to  admit  of  the 
abstraction  of  any  undue  quantity  of  water  from  the  river  after  receiv- 
ing its  increment  from  the  reservoirs  is  out  of  the  question.  Besides, 
we  have  a  surplus  of  250  cubic  feet  per  second  from  the  Pine  River  res- 
ervoir. 

We  can,  then,  adding  the  5,800  cubic  feet  of  water  passing  Saint  Paul 
jit  lowest  stage  to  the  6,400  cubic  feet  from  the  reservoirs,  rely  upon  at 
least  12,200  cubic  feet  of  water  past  this  point  for  100  days  of  low- 
water  navigation,  and  this  is  within  300  cubic  feet  per  second  of  the 
quantity  stated  in  my  last  report  and  based  upon  two  methods  of  calcu- 
lation, each  differing  from  the  one  employed  in  this  report. 

The  year  1875  was  only  a  year  of  average  rainfall ;  so  was  the  year 
))reccdiHg  it.  The  mean  of  the  rainfall  at  Saint  Paul,  Fort  Snelling, 
Duhith.  and  Pembina,  for  1874,  was  26.47  inches ;  for  the  same  stations 
in  1875  it  wa«  2Uk\  inches;  for  1876,  27.14  inches;  and  for  1877,  28.61 
inches. 

As  to  the  utility  of  12,200  cubic  feet  of  water  per  second  for  100  days 
when  navigation  is  generally  impeded.  A  discharge  of  3,500  cubic  feet 
per  second  above  Brainerd  affords  good  navigation  from  that  i)oint  to 
Grand  Ka])ids,  a  distance  of  180  miles ;  12,000  cubic  feet  affords  good 
navigation  upon  all  the  na\igable  stretches  of  river  above  Minneapolis, 
not  including  those  portions  where  the  worst  rapids  exist ;  lumber  camps 
have  been  largely  supplied  by  steamers  plying  from  Brainerd  north- 
ward ;  12,200  cubic  feet  of  water  per  second  is  more  than  double  the 
low- water  discharge  past  Saint  Paul.  The  stream  must  be  despicable 
whose  navigation  could  not  be  assisted  by  doubling  its  lowest-water 
volume. 

A  discharge  of  22,200  cubic  feet  per  second  at  Saint  Paid  woidd  prob- 
ibly  correspond  to  a  width  between  this  point  and  the  hcivd  of  Lake 
Pejuu  of  about  1,000  to  1,500  feet,  excepting  in  some  few  cases  where 
arge  ^j^roups  of  islands  occur.*  At  Frid  ley's  Bar,  above  Minneapolis,  a 
i;:aiigiiig  in  1875  gave,  for  a  discharge  of  16,876  cubic  feet,  and  stage  of 
he  river  3'.63  above  low-water,  a  mean  velocity  of  3'.04.  If  we  take, 
br  a  discharge  of  12,200  cubic  feet,  the  mean  velocity  at  3  feet,  and 
vidfh  at  1,000  feet,  we  have,  assuming  the  area  of  cross-section  to  be  a 
ectangle,  a  depth  of  about  4  feet.  But  the  cross-section  of  a  stream 
lowin|2f  through  a  sandy  bed  does  not  approach  the  rectangular;  it 
raries,  sometimes  approaching  the  parabolic,  and  sometimes  the  trian- 
gular. The  height  of  a  triangle,  having  a  base  of  1,000  feet,  and  area  of 
,(>0()  square  feet  =^^^^^  would  be  8  feet.  It  would  certaiuly  be  within 
afe  limits  to  say  that,  supposing  the  width  of  water  surface  to  be  as 
ligh  as  1,500  feet,  the  ruling  depth  for  a  flow  of  12,200  feet  per  second 
voukl  be  at  the  least  4  feet.    The  Ilock  Island  Bapids,  385  miles  below 
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Saint  Paul,  have  been  improved  so  as  to  afford  a  depth  of  4  feet  at  low- 
water. 

The  head  of  Lake  Pepin  is  about  55  miles  below  Saint  Paul  The 
Saint  Croix  Biver  flows  into  the  Mississippi  about  30  miles  below  Saint 
Paul.  Its  me^asured  lowest- water  volume  is  al>out  3,000  cubic  feet  per 
second,  and  this  quantity  added  to  the  12,200  cubic  feet  will  increase  the 
depth  in  the  channel  below  the  junction,  and  whatever  increment  caD 
be  added  to  that  volume  by  the  storage  of  water  in  reservoirs  will  add 
to  the  beneficial  results. 

A  steady  flow  of  12,200  cubic  feet  per  second  above  Minneapolis  will 
render  unnecessary  most  of  the  wing-dams,  jetties,  and  other  works  re- 
ported as  necessary  for  the  improvement  of  navigable  stretches  above 
that  place. 

The  establishment  of  reservoirs  at  the  sources  of  the  Mississippi  will- 

1st.  Benefit  navigation  from  Grand  Bapidsto  the  head  of  I/ake  Pepin. 

2d.  Render  valuable,  for  purposes  of  agriculture,  large  tracts  of  land 
between  Grand  Bapids  and  Fort  Bipley. 

In  my  last  report  I  discussed  at  length  the  capacities  of  the  channels 
to  accommodate  the  impounded  water.  An  adequate  appropriation  to 
clear  the  river  of  snags  and  other  obstructions  would,  besides  benefit 
ing  navigation  above  Brainerd,  facilitate  the  flow  of  water. 

The  report  of  January  15, 1879,  which  should  be  considered  in  Conner 
4ion  with  this  report^  recommended  an  appropriation  of  $70,000  for  tk 
erectiou  of  a  dam  at  Lake  Winnibigoshish  to  test  the  system  proposed. 
On  account  of  advance  in  prices  of  material  and  labor,  I  would  increase 
that  estimate  to  $80,000 ;  also  because  the  "  plant  ^  necessary  would  be 
nearly  the  same  as  that  required  for  the  construction  of  the  entire  $y^<^ 
tem.  Ko  material  benefits  to  navigation  could  accrue  from  a  single  dais 
and  reservoir,  and  unless  the  entire  system  proposed  be  eventually 
adopted  the  establishment  of  a  Solitary  reservoir  would  be  useless,  ei 
cepting  as  a  demonstration  of  the  feasibility  of  the  reservoirs. 

The  Mississippi  Biver  below  Saint  Paul  is  not  under  my  charge,  bn: 
it  is  necessary  to  touch  upon  it,  as  the  act  of  Congress  oniering  the  ex 
aminatious  and  surveys  for  reservoirs  reads : 

The  examinatiou  of  the  sources  of  the  Mississippi  River,  and  of  the  Saint  Cn»i^ 
River  in  Wisconsin  and  Minnesota,  and  of  the  Chippewa  and  Wisconsin  Rivers  in  tL- 
IState  of  Wisconsin,  to  determine  the  practicability  and  cost  of  creating  and  ToaiQ- 
taining  reservoirs  upon  the  headwatere  of  said  rivers  and  their  tributaries,  for  tk 
purpose  of  regulating  the  volume  of  water  and  improving  the  navigation  of  sai^l 
rivers  and  that  of  the  Mississijipi  River,  and  an  estimate  of  the  damage  to  resnlt  there- 
from to  proi)erty  of  any  kind. 

The  locations  and  dimensions  of  the  several  dams  proposed  provide,  ji> 
much  as  possible,  against  any  increase  in  suiface  subject  to  evaporation, 
and  against  undue  overflow  of  adjoining  lands.  The  height  of  the  pro 
posed  dam  at  Pokegama  Falls  is  limited  by  the  height  of  the  banks  at 
the  southern  end  of  Pokegama  Lake. 

As  noted  above,  the  rainfall  over  the  entire  watershed  for  the  molltll^ 
of  July,  August,  September,  and  October  has  been  left  out  in  the  cal 
culatious  of  the  quantity  to  be  impounded  by  July  1,  allowing  this  for 
ordinary  and  low-water  discharge  of  the  river  during  those  months. 
The  mean  discharge  during  these  four  months  due  to  the  rainfall  is  oou 
siderably  in  excess  of  5,800  cubic  feet. 

With  this  report  are  inclosed : 

1.  Tracing  showing  proposed  system  of  reservoirs  above  the  Falls  of 
Pokegama. 

2.  Tracing  showing  the  locations  of  all  the  dams  proposed  for  the 
sources  of  the  Mississippi. 
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3.  riottiugs  of  gauge  readiDgs  in  1879  at  Saiut  Paul,  Braiuerd,  Falls  of 
Saiut  Anthony,  Aitkin,  Sauk  Bapids,  Leech  Lake. 

4.  Report  of  Assistant  J.  D.  Skinner,  under  date  of  December  1, 1879, 
with  appended  tables  of  rainfall,  evaporation,  and  discharges  of  streams. 

5.  Table  of  lands  liable  to  be  overflowed,  stating  those  portions  that 
have  been  entered.  This  list  is  thought  to  be  quite  correct  for  the  area 
above  Pokegama  Falls.  For  the  Gull  Lake  and  Pine  Kiver  reservoirs 
they  are  only  approximately  correct. 

Further  examination  will  be  made  as  soon  as  practicable,  and  the 
results  reiwrted. 

Very  respectfully,  your  obedient  servant, 

Ghas.  J.  Allen, 

Captain  of  Engineern. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U,  S.  A, 


report  of  mr.  jamk8  d.  skinner,  assistant  engineer. 

Engineer  Office,  United  States  Army, 

Saint  Paul,  December  1,  1879. 

Major:  I  have  the  honor  to  siihmit  the  following  rex>ort  of  work  done  on  the  head- 
watem  of  the  Mississippi  River  daring  the  current  year,  with  a  view  to  perfecting 
and  completing  the  surveys  and  other  work  of  1874  and  last  year,  whose  ohject  waste 
ascertain  the  practicability  of  establishing  reservoirs  thei'eon. 

The  examination  of  the  dam-8it<es  and  all  other  work  connected  with  the  snrvey  of 
the  located  system  of  reservoirs  was  so  far  completed  last  year  as  to  leave  nothing  un- 
done, except  further  gangtngs  of  the  Mississippi  River,  which  the  early  closing  of  the 
river  prevented  in  the  fall  or  1878. 

These  have  been  made  with  most  satisfactory  results,  affording  a  complete  set  of 
high  and  low  water  gang^ngs,  fix>m  Leech  and  Winnibigoshish  Lakes,  as  lar  down  as 
Aitkin  on  the  Northern  Pacific  Railroad.  The  former  gaugings  were  made  in  1874, 
when  the  river  was  at  a  high  stage,  and  the  latter  in  lo78  and  1879,  the  river  being 
very  low,  and  at  about  the  same  stage  during  each  of  the  latter  years. 

The  ratio  between  the  discharges  at  the  different  stages  and  at  the  same  places, 
attests  the  correctness  of  the  work.  This,  by  referring  to  the  annexed  table  of  dis- 
charges, will  be  seen  to  be  very  uniform ;  the  height  above  low- water,  noted  in  the 
table,  being  taken  into  consideration. 

The  three  meteoiological  stations,  at  Red  and  Leech  Lakes  and  at  White  Earth,  have 
been  maintained,  and  observations  for  rainfall,  evaporation,  and  temperature  have 
Im^q  regularly  taken. 

The  records  of  rainfall  and  temperature  are  unbroken  since  September  I,  of  last 

year,  and  the  evaporation  for  each  day,  when  no  ice  had  formed,  has  also  been  kept. 

The  rainfall  for  the  year  extending  from  September  1,  1878,  to  September  1,  1879, 

.Saint  Paul  being  included  with  the  above  stations,  gives  an  average  of  26,'M}  inches, 

as  'will  be  seen  by  reference  to  the  annexed  table. 

When  it  is  considered  that  the  summer  months  were  unusually  rainy,  the  average, 
t^ken  last  year  from  former  reports  and  slightly  reduced  for  safety,  t.  e.,  S5  inches, 
would  seem  to  be  borne  out  by  this  year's  observations. 

I  think  there  is  no  reason  to  change  last  year's  computations. 

Besides  the  regular  observations  for  evaporation,  which  were  made  in  the  usual 
zinc  pans  with  scale  and  micrometer  screw  attached,  another  set,  during  the  months 
of  September,  October,  and  November,  1879,  was  carefully  taken  in  Saint  Paul,  to  de- 
termine the  coefficient  to  be  applied  to  the  readings  of  exposed  pans,  to  reduce  them 
to  the  natural  evaporation  from  a  pond  or  lake,  which  has  only  its  surface  exposed  to 
the  action  of  the  sun  and  wind,  while  the  pan  has,  in  addition,  its  bottom  and  outside 
surface  so  exposed.  To  obtain  this,  one  pan  was  placed  as  usual  and  another  was 
buried  to  its  rim  in  earth,  which  was  kept  moist,  and  whose  surface  was  covered 
with  thin  grass.    These  were  regularly  read  and  results  compared. 

The  coefficient  so  obtained  was  0.78 ;  but  when  I  reflected  that  the  observations 
did  not  begin  until  September,  and  that  the  summer  and  spring  months,  when  a  greater 
difference  might  naturally  bf>  expected,  were  left  out,  I  determined  to  reduce  this  to  0.7. 
Another  years  full  set  of  observations  will  decide  whether  this  assumption  is  correct 
or  not. 
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The  reHultfi,  this  coefticient  being  applied  to  the  readini^  in  the  annexed  table,  are 
for  mean  daily  evaporation. 

*  Saint  Panl,  September  to  November,  1H79,  inclusive O.lll 

White  Earth,  April  to  November,  1879,  inclusive 0.142 

Red  Lake,  May  to  November,  1879,  incluRivo 0.112 

Leech  Lake,  April  to  November,  1879,  inclusive 0.  (K 

•  • 

When  the  different  ])eriods  of  time  and  the  varying  latitudes  and  sitnationsof  the 
stations  are  considen^d,  I  do  not  think  the  above  results  will  be  found  very  infou- 
sistent.    Another  year's  observations  will,  however,  determine  this. 

In  my  last  yearV  report  I  ansumed,  from  what  data  we  then  bad,  "  at  least  U.l 
inch'*  as  the  average  daily  evaporation  from  April  1  to  November  1.  The  above  n- 
suits  would  seem  to  justify  that  assnmxition,  the  mean  being  0. 114  inch. 

I  annex  the  following  tables : 

I.  Di8<'harge  of  the  Tipper  Mississippi  River  at  different  points  for  the  years  1874. 
1878,  and  187^. 

II.  Monthly  rainfall  from  September  1,  1878,  to  Repteml>er  1,  1879,  with  total  t\*r 
year  at  Leech  Lake,  Wliite  Earth,  Red  Lake,  and  Saint  Paul.  Also,  the  same  fi^ia 
September  1,  1878,  to  December  1,  1879. 

III.  Mean  daily  evaporation  for  1879,  from  April  to  October,  both  included,  from  re- 
corded readings. 

IV.  Observations  to  determine  coefficient  to  be  applied  to  exposed  evaporator,  taker 
at  Saint  Paul  during  September,  October,  and  November,  1879. 

There  is  also  attached  a  tracing,  showing  the  location  and  height  of  the  diffeivr 
ilams,  the  slope  of  the  river,  the  level  of  the  reservoirs,  and  the  general  features  of  tbr- 
country. 

The  question  has  been  asked  why  it  is  not  possible  to  build  a  single  dam  at  Pokegania 
Falls,  which  would  answer  the  purposes  of  the  system  recommended.  This  queAtiou 
will  be  found  partially  answered  m  Colonel  Faniuhar's  report  of  1875,  and  in  last 
year's  report.  It  can  further  be  safely  said  that  the  expense  of  such  a  diun,  were  it 
practicable,  with  the  attendant  dike  at  the  southeast  end  of  Pokegama  Lake,  would 
vastly  exceed  the  cost  of  the  present  system.  Besides,  great  <langer  at  the  dike  woul<l 
result  from  the  construction  of  the  dam.  There  an  accident  would  be  fatal,  wheiv^a* 
any  damage  at  the  proposed  dams  would  be  insignificant  and  easily  repaired. 

Further,  an  attempt  to  flow  to  any  extent  the  natural  reservoirs  at  Leech  and  Wiii- 
nibigoshish  lakes  would  be  an  absurdity,  as  a  glance  at  the  accompanying  prodK 
will  show.  The  country  below  is  flat  for  the  most  part,  and  the  banks  of  the  river  :m 
low,  and  these  when  overflow^ed  afford  access  to  immense  swamps. 

With  such  a  (Jam  the  country  would  be  a  large  sea,  dotted  with  islands  for  a  great 
distance  each  side  of  the  river;  and,  leaving  evaporation  out  of  the  question,  then 
would  not  be  water  enough  from  the  whole  waterslied  (in  all  probability)  to  acconi- 
plish  such  a  re^ul  t .  Of  course,  the  exact  extent  of  such  flowage  can  only  be  ascertaineii 
by  further  difficult  and  expensive  surveys. 

But,  further,  the  evaporation  over  such  a  vastly  increased  area  would  be  the  9oiiit> 
of  an  immense  loss,  not  less  than  25  inches  probably,  over  its  whole  extent,  while  in 
the  case  of  the  proposed  re^'rvoirs  the  overflowed  surface  (see  large  map)  is  but  littlr 
increased,  while  the  depth  is  largely  so.  The  increase  of  loss  by  evaporation  is,  there- 
fore, so  small  as  to  be  of  no  moment.     (See  reports.) 

And,  further,  the  damagc^s  to  property  that  would  be  caused  by  such  an  overflew 
would  be  large.  The  lands  along  the  river  and  its  tributaries  are  owned  to  a  lai^*- 
extent  by  lumbermen,  who  carry  on  an  extensive  business.  Many  of  their  pine  lantl" 
would  be  overflowed,  and  whether  the  timber  on  them  had  been  cut  off  or  not,  the} 
would  be  sure  to  claim  large  damages.  Their  meadows  would  be  entirely  destroyed. 
In  fact,  any  interest,  Indian  or  otherwise,  near  the  river  or  its  tributaries,  would  br 
completely  ruined,  while  under  our  system  but  little  damage  would  ensue,  and  nom 
whatever  to  any  timber  lands. 

The  above  are  some  of  the  objections  to  a  high  dam  at  Pokegama  Falls,  were  it 
practicable,  and  they  seem  to  me  to  be  unanswerable. 

The  final  report,  to  which  this  is  preliminary,  with  full  estimates  for  daniii.  an<' 
which  there  has  been  no  time  to  make  up,  wiU  be  submitted  later. 

Respectfully  submitting  the  above,  I  am, 
Very  respectfully,  your  obedient  servant, 

jAiMBS  D.    SKINXEB, 

JaHietaMt  Enginetr, 
M%j.  CuAs.  J.  Allex, 

CaptaiUy  Corps  of  JSngin^ers,  U.  S,  A, 


•  Observations  for  coefficient  multiplied  by  0.7. 
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DiHchargeti  of  the  ^fiHMimppi  and  Leech  Lake  Jtivers. 
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Monthly  rainfall  from  January  to  Navemberf  1879,  incltuive,  at  Saint  Paulf  DuUtk^  and 

Fort  Snellingf  Minn. 
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Monthly  rainfall  at  Dulutk,  Minn.,  during  the  year  1878. 
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Monthly  rainfall  from  September  1,  1878,  to  November  30,  1879,  at  Leech  Lake,  Red  Lakt, 
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Tabte  of  ianda  Hahh  to  he  cverfloiced  hy  the  construction  of  reserroira  at  the  souroea  of  the 

Miaaiaaippi  River. 

[Omitted.    See  House  Ex.  Doe.  No.  39,  Forty-sixth  Congress,  second 
session,  pp.  13-17.] 


examinations  and  surveys   at  headwaters  of  saint  croix, 

chippewa,  and  wisconsin  rivers. 

Engineer  Office  United  States  Army, 

Saint  Faul^  January  15, 1880. 

General  :  I  have  the  honor  to  submit  the  following  progress  report 
of  the  examinations  und  surveys  at  the  headwaters  of  the  Saint  Croix, 
Chippewa,  and  Wisconsin  rivers,  made  with  a  view  to  determining  the 
feasibility,  cost,  &c.,  of  constructing  and  maintaining  reservoirs  for  the 
improvement  of  those  streams  and  the  Mississippi  River,  in  accordance 
with  the  acts  of  Congress  approved  June  18, 1878,  and  March  3, 1879, 
and  in  continuation  of  my  report  of  December  12, 1879. 

Three  parties  were  placed  in  the  field  last  June,  and  they  completed 
most  of  the  necessary  field  work  by  the  middle  of  November. 

The  first  party,  under  Assistant  Vine  D.  Simar,  chief  of  party,  and  As- 
KiHtants  R.  Davenport  and  G.  W.  Carrington,  was  chargeil  with  the  com- 
pletion of  the  examinations  at  the  sources  of  the  Saint  (Jroix  River  (Min- 
nesota and  Wisconsin),  begun  last  year  by  the  party  under  Assistant 
Treheme. 

The  second  party,  under  Asistant  Archibald  Johnson,  chief  of  party, 
and  Assistants  G.  O.  Foss  and  G.  M.  Willis,  was  charged  with  the  nec- 
essary examinations  and  surveys  of  the  East  and  West  Forks  of  the 
Chipi>ewa  River^  of  the  Courtes-Oreilles  River  and  Lake,  and,  generally, 
of  examinations  as  far  down  as  Chippewa  Falls  on  the  Chippewa  RiveV. 
To  the  third  party,  under  Assistant  James  D.  Raynolds,  chief  of 
party,  and  Assistants  W.  S.  Morton  and  J.  D.  Mason,  was  assigned  the 
completion  of  the  survey  and  examination  of  the  headwaters  of  the  Wis- 
consin River,  begun  late  in  1878  by  Assistant  Charles  Wanzer;  and 
also  the  completion  of  the  surveys  of  the  North  and  South  Forks  of  the 
Flambeau  River,  the  main  tributary  to  the  Chippewa,  begun  in  1878  by 
Assistant  J.  H.  Dager.  These  gentlemen  have  all  acquitted  themselves 
well  of  the  duties  with  which  they  were  charge<l,  and  are  entitled  to  my 
thanks  for  the  energy  and  zeal  displayed  by  them. 

These  examinations  were  all  similar  in  character  to  those  described  in 
my  report  of  January  15, 1879,  involving  the  running  of  flowage  and 
contour  lines,  selection  and  surveys  of  damsites,  lines  of  level  connect- 
ing important  points  with  the  sea  level,  gauging  of  streams  at  different 
stages  whenever  possible,  the  collection  of  information  relating  to  prop- 
erty liable  to  be  damaged  by  overflow,  and  all  other  information 
attainable  bearing  upon  the  subject  in  hand.  Several  meteorological 
stations  were  established  early  in  the  season,  and,  although  the  records 
to  date  do  not  cover  an  entire  year,  our  stock  of  information  as  regards 
the  rainfall  of  this  region  has  been  materiall)'  added  to. 

This  report  is  intended  to  be  taken  in  connection  with  my  report  of 
January  15  last. 

headwaters  of  the  saint  oroix  river. 

The  report  of  January  15,  above  alluded  to,  gives  a  general  descrip- 
tion of  the  Wisconsin  watershed  of  the  Saint  Croix.    The  principal  af- 
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flaents  from  the  Minnesota  watershed  ai^e  the  Snake,  Kettle,  and  Tama- 
rac  rivers.  From  the  Wisconsin  side  the  principal  affluents  are  the 
Eau  Claire,  Totogatic,  Namakagon,  Yellow,  and  Clam  rivet's. 

Preliminary  to  the  operations  this  year,  a  line  of  levels  was  ruu  from 
Eush  City  on  the  line  of  the  Saint  Paul  and  Duluth  Railroad,  starting 
from  a  point  at  a  known  elevation  above  Lake  Superior  and  the  sea^aud 
carried  to  the  bench  marks  established  last  year  at  the  Upi)er  Lake  Saint 
Croix,  and  the  Totogatic  and  Yellow  rivers;  thence  up  the  Namakagon 
River  to  the  Little  Pak-wa-wance,  and  thence  across  the  country  to  the 
Totogatic  bench  marks,  checking  at  the  end  very  closely. 

The  work  accomplished  wjus  as  follows: 
On  the  main  Saint  Croix: 

Selection  and  survey  of  a  dam-site  above  the  mouth  of  Kettle  River 
and  gauging  the  discharge  of  the  stream.  « 

On  the  tributaries: 

Selections  and  surveys  of  dam-sites,  as  follows: 

One  site  on  the  Eau  Claire  River. 

Two  sites  on  the  Totogatic  River. 

Two  sites  on  the  Yellow  River.* 

Resurvey  of  Yellow  Lake  dam-site: 

Surveys  of  two  sites  on  the  Namakagon  River. 

Survey  of  one  site  on  the  Clam  River. 

Surveys  of  two  sites  on  the  Snake  River,  in  Minnesota. 

Kettle  and  Tamarac  rivers,  in  Minnesota,  were  also  examined,  but  no 
available  sites  for  dams  were  found. 

■«  All  the  streams  were  gauged  more  or  less  for  discharge  in  the  vicin 
ity  of  each  selected  dam-site,  in  order  to  obtain  not  only  an  idea  of  the 
amount  of  water  flowing  i>er  second,  but  also  an  idea  of  the  proportion  of 
the  rainfall  that  actually  Unds  its  way  into  the  streams,  after  deducting 
the  losses  by  evaporation,  infiltration,  absorption,  &c 

The  results  obtained  indicate  that  above  one  third  of  the  annual  ram- 
fall  actually  finds  its  way  into  the  streams,  and  calculations,  based  upos 
one-third  and  also  upon  one-fourth  of  the  rainfiill,  have  been  made,  and 
are  submitted  in  the  accompanying  tables.  In  the  calculations  it  is 
assumed  that  the  reservoirs  Will  be  closed  from  the  latter  part  of  So 
veraber  to  the  30th  of  June,  although  it  is  not  likely  that  it  will  be  nw 
essary  to  open  their  gates  to  the  full  capacity  before  the  latter  part  ol 
July.  As  the  result  of  our  investigations  both  in  Wisconsin  and  Min 
nesota,  the  above-named  factors  are  taken  to  represent  that  portion  of 
the  annual  rainfall  that  can  be  stored,  from  the  watersheds  tributary  to 
the  re^servoirs,  in  the  reservoirs,  between  the  close  of  November  and  the 
1st  of  July  following ;  and  these  factors  are  used  generally  in  all  the 
computations. 

The  conditions  for  storing  water  on  the  Saint  Croix  are  more  favora 
ble  than  I  expected.  The  surplus — ^understanding  by  this  term  iht 
excess  of  the  supply  of  water  over  the  capacities  of  the  reservoirs— i.^ 
about  60  i)er  cent,  of  the  entire  supply  derived  from  the  w^atershfti 
tributary  to  the  stream  at  a  point  just  below  the  mouth  of  Snake  River. 
We  thfts  have  about  60  per  cent,  of  the  entire  supply  above  this  point, 
besides  the  whole  of  that  derived  from  the  drainage  area  between  the 
mouth  of  Snake  River  and  Taylor's  Falls,  and  the  entire  supply  from  a 
watershed  of  about  1,600  square  miles  below  the  falls,  to  meet  the  de 


*Thes«  were  supplementary  to  the  three  sites  selected  and  reported  upon  in  my  la*^ 
report,  and  are  designed  to  retain  a«  mnch  as  possible  of  the  surplus  water  nientiottod. 
in  that  report. 
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mands  of  the  navigable  stretch  below  Taylor^s  Falls,  independently  of 
the  reservoirs. 

The  dams  found  jiracticable  from  the  surveys  of  this  and  last  season 
are,  if  we  assume  one-third  the  rainfall  for  our  factor: 

1.  At  the  outlet  of  the  £au  Claire  Lakes.  A  dam  at  this  point, 
raiaed  to  a  height  of  12J  feet  above  low-water,  with  a  reservoir  capacity 
of  961,045,400  cubic  feet,  equal  to  124  cubic  feet  of  water  per  second  for 
90  days.  To  cost  89,635.79.  The  surplus  is  424,51 1,080  cubic  feet,  whicU 
surplus  is  to  be  collected  at  some  point  below. 

2.  Below  the  Upper  Lake  Saint  GroLx,  on  the  Saint  Croix  Biver,  about 
1  mile  below  what  is  known  as  the  Ifi^  Dam.  A  dam  at  tliis  point,  raised 
to  a  hei|(ht  of  24.J  feet  above  low-water  siu'face,  will  afitbrd  a  reservoir 
capacity  of  4,698,209,800  cubic  feet,  a  quantity  of  water  equal  to  a  flow 
of  604  cubic  feet  per  second  for  90  days,  and  will,  in  addition,  take  up 
the  surplus  from  the  £au  Chiire  Lakes.    To  cost  $94,319.55. 

3.  On  the  Upper  Totogatic,  near  the  "  Old  Dam."  A  dam  can  be  built 
here  at  a  height  of  12 J  feet  above  low- water  surface,  affording  a  reservoir 
capacity  of  1,388,605,680  cubic  feet,  representing  a  flow  of  178  cubic  feet 
per  second  for  90  days.    No  surplus.    To  cost  $7,482.38. 

4.  Below  Gilmore  Lake,  on  the  Totogatic  liiver,  a  dam  30  feet  in  height 
will  create  a  reservoir  of  2,881,095,000  cubic  feet  capacity,  representing 
a  flow  of  370  cubic  feet  per  second  for  90  days.  The  surplus  from  this 
reservoir  is  2,170,209,720  cubic  feet  of  water,  to  be  retained  at  some  other 
lK>int.    To  cost  $21,876.65. 

5.  On  the  Lower  Xamakagon,  about  4  miles  above  its  confluence  witk 
the  Saint  Croix  liiver,  a  dam  can  be  established  to  create  a  reserv^oir  of 
1,541,016,900  cubic  feet  capacity,  representing  198  cubic  feet  per  second 
for  90  days.    (See  Ko.  7.) 

6.  On  the  Namakagon,  near  Yeazie's  Banche,  a  dam  31^  feet  in  height, 
reservoir  capacity  resulting  1,379,393,850  cubic  feet,  equal  to  177  cubio 
feet  per  second  for  90  days.  To  cost  $32,762.75.  The  surplus  at  this 
point  is  7,129,093,830  cubic  feet. 

7.  On  the  Lower  Namakagon,  1  mile  below  the  confluence  of  the  Toto- 
gatic with  this  stream,  a  dam  41  feet  in  height  will  create  a  reservoir, 
by  i)onding  back  into  both  the  Totogatic  and  Namakagon  rivers,  of 
3,082,033,820  cubic  feet  capacity,  equal  to  396  cubic  feet  per  second  for 
90  days.  This  dam  has  been  alluded  to  as  No.  5,  when  taken  with  refer- 
ence to  the  Totogatic  alone.  It  is  here  considered  as  forming  the  dis- 
tributing reservoir  for  the  Totogatic  and  Namakagon  systems,  in  which 
case  its  surplus  is  1,055,120,740  cubic  Ifeet  of  water.    To  cost  $43,610.45. 

8.  Mud  Lake,  on  the  Upi)er  Yellow  River.  A  dam  6  feet  in  height 
above  low- water  wiU  create  a  reservoir  of  396,377,420  cubic  feet  oapaoityf 
representing  a  flow  of  51  cubic  feet  per  second  for  90  days.  To  cost 
:$  1,200.  Surplus,  140,281,780  cubic  feet  A  sluicing  dam  exists  at  this 
point,  and  the  above  estimate  is  simply  for  raising  and  repairing  it. 

9.  On  the  Yellow  liiver,  below  Rice  Lakes,  a  dam  25^  feet  in  height 
above  low  water,  aflbrding  a  reservoir  capacity  of  2,474,944,500  cubio 
feet,  can  be  established,  with  surplus  Qf  149,806,860  cubic  feet  Flow 
l>er  second  for  90  days,  318  cubic  feet    Dam  to  cost  $33,266.70. 

10.  On  the  Yellow  River,  below  Yellow  Lake.  A  dam  20  feet  in  height, 
resulting  reservoir  capacity  3,402,712,000  cubic  feet,  representing  438 
cubic  feet  per  second  for  90  days,  no  surplus,  to  cost  $15,403.92,  can  be 
established.  This  dam  can  be  further  raised  LO  feet.  About  4,000  linear 
feet  of  diking,  to  cost  about  $10,000,  will  be  uect^ssary  in  this  case,  and 
increased  cost  of  dam  also  $10,000. 

11.  On  the  Clam  River,  below  Clam  Lake,  a  dam  26  feet  high,  afford- 
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ing  4,670,786,500  cabic  feet  reservoir  capacity,  with  surplus  of  861,681,980 
cubic  feet,  can  be  built.  The  reservoir  capacity  corresponds  to  a  flow  of 
602  cubic  feet  per  second  for  90  days.    To  cost  $27,217.33, 

12.  On  the  Saint  Croix  proper,  above  the  mouth  of  Kettle  River,  a 
dam  23}  feet  high  above  low- water  can  be  established,  creating  a  reser- 
voir of  2,709,600,000  cubic  feet  capacity,  the  volume  corresponding  to  a 
flow  of  349  cubic  feet  per  second  for  90  days.  To  cost  $60,444.76.  Sur- 
plus of  water,  17,390,826,400  cubic  feet.  This  dam  is  to  retain  some  of 
the  surplusage  trom  reservoirs  above  it 

13.  A  dam  on  the  Ground  House  Biver  tributary  to  the  Snake  River, 
in  Minnesota,  to  retain  a  iiortiou  of  the  surplus  water  of  the  Lower 
Snake,  20  feet  in  height,  resulting  I'eservoir  capacity  1,045,440,000  cubic 
flBet,  corresponding  to  a  flow  of  134  cubic  feet  per  second  for  90  days, 
with  surplus  of  1,218,286,080  cubic  feet,  can  be  built,  at  a  cost  of  $8,500. 

14.  At  Ghengwataua,  on  the  Lower  Snake  Eiver,  Minnesota,  a  dam 
13  feet  in  height  above  low-water,  affording  reservoir  capacity  of 
3,703,238,000  cubic  feef,  corresponding  to  476  cubic  feet  per  second  for 
90  days,  with  surplusage  of  13,196,648,080  cubic  feet,  can  be  established. 
To  cost  $30,000. 

Dams  exist  at  Ground  House  and  Ghengwatana,  operated  by  private 
parties.    They  will  be  referred  to  further  on. 

The  reservoirs  at  Ghengwatana  and  above  the  mouth  of  Kettle  Eiver 
thus  become  the  distributing  reservoirs  for  the  Lower  Saint  Croix,  and 
as  their  locations  are  about  55  miles  from  Taylor's  Falls,  the  head  of 
navigation  on  the  Lower  Saint  Croix,  and  about  112  miles  from  Prescott. 
where  the  Saint  Croix  joins  the  Mississippi,  whatever  increment  is  taken 
from  these  reservoirs  to  add  to  the  normal  low-water  discharge  of  the 
navigable  stretch  of  the  sti-eam  will  reach  its  destination  rapi£y. 

Collecting  from  the  list  given  above  all  the  items  of  discbarge  from 
the  various  proi>08ed  reservoirs,  we  see  that  a  quantity  of  water  equal 
to  a  flow  of  4,415  cubic  feet  per  second  for  90  days  can  be  impounde<i 
prior  to  July  1,  to  be  added  to  the  normal  discharge  of  the  stream  during 
the  low-water  period.  The  measured  low- water  discharge,  as  ascertained 
during  the  survey  made  this  past  season  by  Assistant  Engineer  Frederick 
Terry,  is  above  McLeod's  Lake,  12  miles  below  Taylor's  Falls,  2,300  cubie 
feet  per  second,  and  above  Prescott,  mouth  of  river,  not  less  than  2,800 
cubic  feet  per  second.  Adding  to  these  the  4,415  cubic  feet  per  second. 
we  have  respectively,  6,715  cubic  feet  and  7,215  cubic  feet  j^r  second 
for  90  days,  or  for  120  days,  by  a  proper  manipulation  of  the  dams,  5,40t> 
cubic  feet  per  second  passing  Prescott. 

We  have  taken  in  the  foregoing  calculations  the  average  Sinnual  pi^ 
cipitation  at  25  inches,  and  35  per  cent,  of  it  as  available  for  storage 
before  July  1.  I  have  not  been  able  as  yet  to  fix  the  value  of  the  annual 
precipitation  for  the  entire  area,  but  believe  it  to  be  in  excess  of  25  inches. 
Much  difficulty  has  been  experienced  in  finding  intelligent  observers  of 
rainfall.    Much  of  the  country  is  sandy,  and  at  present  well  timbered. 

Again,  gravel  and  rock  in  place  and  some  clay  is  met  with.  Major 
Farquhar,  in  his  report  of  January  23, 1878,  thought  it  possible  that  40 
per  cent,  of  the  rainfall  might  be  regarded  as  available  for  the  supply 
of  the  streams. 

The  area  of  the  Saint  Cit)ix  watershed  above  Taylor's  Falls  is  about 
6,012  square  miles,  equal  to  167,604.940,800  square  feet.  If  over  this 
area  but  0.7  foot  be  regarded  as  tne  available  rainfall  for  the  entire 
year,  we  have  117,323,458,660  cubic  feet  supplying  the  streams,  and 
tributary  to  the  river  above  Taylor's  Falls.  Of  this  quantity,  we  im- 
pound in  reservoirs  before  July  1,  34,334,458,870  cubic  feet,  leaving  a 
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surplus  of  82,988,999,690  cubic  feet.  In  addition,  we  have  the  1,600 
square  miles  of  watershed  below  the  falls  to  add  its  quota,  so  that  from 
the  large  surplus  no  detriment  is  expected  to  accrue  upon  this  basis  to 
the  navigation  of  the  stream  prior  to  July  1.  After  July  1,  we  have  the 
contributions  from  the  entire  watershed. 

Now,  upon  the  basis  of  but  25  per  cent,  of  the  annual  rainfall  being 
available  for  storage  prior  to  the  1st  of  July,  by  far  the  safest  assump- 
tion, being  certainly  within  limits,  as  shown  in  my  report  of  the  12th  of 
December,  1879^  upon  the  Mississippi  Eeservoir  System,  we  find  that  we 
can  dispense  with  the  dams  at  Mud  Lake,  and  the  Eau  Claire  lakes 
(see  Table  II),  and  have  a  total  increment  to  the  low- water  discharge  of 
3,901  cubic  feet  per  second  for  90  days.    Now,  when  4,000  cubic  feet  of 
water  per  second  pass  the  Dalles  (Taylor's  Falls),  the  wants  of  naviga- 
tion on  the  Saint  Croix  are  met.     As  not  less  than  1,900  cubic  feet  pass 
the  Dalles  at  low-water,  we  have,  by  adding  to  this  figure,  3,900  cubic 
feet,  the  sum  of  5,800  cubic  feet  per  second  for  90  days,  or,  by  proper 
operations  of  the  dams  for  120  days,  4,350  cubic  feet  per  second.    The 
amount  passing  Prescott  for  90  days  would  not  be  less  than  6,700  cubic 
feet  per  second,  and  for  120  days  not  less  than  5,000  cubic  feet  per 
second.    The  total  annual  supply  tributary  above  Taylor^s  Falls,  upon 
the  l)asis  of  one-fourth  the  annual  precipitation,  is  87,154,569,216  cubic 
feet,  leaving  as  the  surplus  not  held  by  dams  56,806,708,638  cubic  feet 
Now,  to  carry  the  calculations  still  further,  the  entire  watershed  above 
the  Dalles  is  167,604,940,800  square  feet.    The  mean  precipitation  for 
the  months  of  March,  April,  May,  and  June  can  be  taken  (see  tables  in 
last  report)  at  about  10  inches.    If  we  assume,  for  these  4  months,  that 
but  one-half  (or  5  inches)  actually  flows  into  the  streams — a  safe  estimate, 
probably,  because  before  the  first  of  April  the  ground  in  the  higher 
latitudes  is  not  prepared  for  active  absorption,  nor  does  vegetation 
assert  its  claims  much  before  that  time— we  have  as  the  entire  supply 
to  the  streams  of  the  watershed  above  the  Dalles,  for  these  months, 
69,556,050,432  cubic  feet  of  water.    Kow,  the  capacities  of  the  reservoirs 
(see  Table  I)  is  about  35,000,000,000  cubic  feet,  and,  if  we  take  this  as  it 
is,  without  reduction  on  account  of  the  factor  |,  we  have  in  round  num- 
bers 34,506,000,430  cubic  feet  of  water  left,  which,  for  the  90  days  of 
April,  May,  and  June,  averages  about  4,400  cubic  feet  per  second  pass- 
in  j^  the  Dalles,  the  head  of  navigation.    But  the  reservoirs  are  supposed 
to  be  closed  from  December  1  to  July  1.    We  are  then  entitled  to  add 
to  tlie  foregoing  the  larger  portion  of  the  ])recipitation  for  the  mont^ 
of  December,  January,  and  February,  and  if,  as  is  most  probable,  three- 
fourths  of  this  quantity  is  available,  we  have,  to  add  to  that  above 
calculated,  as  passiug  Taylor's  Falls,  independently  of  the  reservoirs, 
in  round  numbers,  27,000,000,000  cubic  feet.    These  calculations  and 
comparisons  would  seem  to  prove  the  feasibility  of  reservoirs  upon  the 
heaci waters  of  the  Saint  Croix,  as  adjuncts  to  navigation,  especially  as 
we  have,  in  using  the  factor  J,  made  allowance  for  every  possible  item 
of  diminution  of  the  water  supply. 

My  assi.stants  who  have  examined  the  country  are  of  the  opinion  that 
the  dams,  if  built  and  operated  as  above,  will  ofifer  no  detention  to  the 
passage  of  logs,  as  the  reservoirs  will  all  be  filled  before  the  logs  are 
rea<iy  to  pass  the  dams  in  any  numbers,  and  the  calculations  seem  to 
fully  bear  out  this  assertion.  This  subject  will,  however,  be  further 
investigated.  Insi)ection  of  Tables  I  and  II  Hhows  that  a  large  surplus 
exists  for  many  of  the  reservoirs,  so  that,  if  necessary  to  sluice  the  logs 
through  before  these  reservoirs  are  filled  and  ready  for  operation,  suffi- 
cient water  can  be  spared  from  most  of  the  reservoirs  without  infring- 
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ing  npon  the  quantity  to  be  impounded.  If  we  assume,  however,  that 
600  cubic  feet  of  water  per  second  has  to  be  drawn  in  all  from  such  res- 
ervoirs as  have  no  calculated  surplus,  for  as  long  a  period  even  as  90 
days  in  the  spring,  it  can  be  seen,  from  the  calculations  and  inspection 
of  the  tables  and  maps,  that  no  perceptible  eftect  upon  the  general  re- 
sults will  obtain. 

There  are  mechanical  devices  by  means  of  which  logs  can  be  passed 
over  dams  rapidly  and  without  waste  or  use  of  water. 

The  management  of  the  dams  is  a  matter  of  detml  to  be  arranged  by 
careful  calcnlations  and  from  experience  gained  in  operating  them. 

The  estimated  cost  of  the  proposed  dams  for  thft  headwaters  of  tb€ 
Saint  Croix  is  $385,720.28.  This  is  only  an  approximation,  as  boring? 
have  still  to  be  made  at  many  of  the  selected  sites ;  the  cost  of  materials 
and  labor  is  not,  for  the  region  under  consideration,  thoroughly  knovB 
to  us ;  and  the  value  of  the  land  liable  to  be  overflowed  has  not  yet  beefi 
taken  into  consideration  in  the  estimates,  for  the  same  reason.  The 
lists  of  lands  liable  to  overflow  from  the  construction  of  the  proposed 
dams  are  as  correct  as  can  be  made  at  present.  Tlie  land  is  generally 
of  little  value.  The  swell  or  amphtnde  to  be  caused  by  dams  placed 
across  streams  where  the  current  is  rapid  has  not  been  considered, it 
being  impossible  to  calculate  it  with  any  certainty  on  account  of  the 
varying  conditions  for  and  at  each  reservoir,  rapids  running  into  and 
from  broad  expanses  of  water,  &c.  It  seems  b^t,  therefore,  to  allow  t 
broad  margin  in  the  case  of  overflow,  and  although  the  contours  or 
flowagelines  are  taken  as  the  intersections  of  the  surface  of  the  country 
by  planes  of  true  level  passed  through  the  combs  of  the  dams,  it  \rill 
be  safer,  in  the  case  of  a  portion  of  a  section  of  land  appearing  liable  to 
be  overflowed,  to  assume  the  entire  section  as  thus  aftected  until,  at 
least,  actual  trial  proves  the  contrary.  The  township  plats  appended 
show  the  contours  as  projected  under  the  assumption  that  the  surface 
of  the  ponded- lip  water  is  a  plane  of  true  level ;  they  also  show  the  en- 
tire sections  in  which  these  contours  lie.  These  remarks  apply  as  well 
to  the  Chippewa  and  Wisconsin  Rivers  as  to  the  Saint  Croix. 

It  is  proposed  to  const  met  the  dams  of  timber,  rock,  and  earth,  as 
may  be  most  easily  attainable.  Several  short  dikes,  to  prevent  the  im 
pounded  wat^  flanking  the  dams,  are  also  provided  for  and  included  is 
the  approximate  estimate  for  each  site. 

Bearing  upon  the  existing  dams  owned  and  operated  by  private  iwff- 
ties  and  corporations.  Assistant  Simar  says : 

The  sluicing  dams  in  Wisconsin  are  operated  under  charters  granted  by  the  8t6t^ 
to  private  parties  or  corporations,  generally  for  a  term  of  15  years. 

In  Minnesota,  dams  for  sluicing  Iocs,  timber,  or  lumber  are  constmcted  and  operated 
under  a  ^^enerai  license  law  pas^  by  the  State  in  1861.  which  anthoriBes  the  oonntr 
coonraissioners  of  the  counties  wherein  dame  are  to  be  located  to  ffrant  licenM,  pro- 
Tiding  such  dam  is  necessary  at  the  point  applied  for,  and  that  the  laud  is  in  the  pos- 
session of  the  parties  applying  therefor.  Licenses  may  be  si'&uted  for  a  period  art 
exceeding  6  years,  and  renewed  npon  application.  Bonds  of  not  less  tban  $1,000  tf- 
quired.  Toll  on  logs,  lumber,  or  timber  not  t^  exceed  6  cents  per  1,000  feet,  Iwarf 
measure,  except  in  the  case  of  the  Snake  River  Dam  (Chengwatana),  which  isallowiii 
toll  not  exceeding  10  cents  per  1,000  feet,  board  measure.  Chengwatana  dant  w«!i 
origiitally  built  and  operated  under  a  charter  granted  from  the  Territorial  govern- 
ment. 

The  cost  of  dams,  as  submitted  in  Table  I,  does  not  include  cost  of  damage  to  prop- 
erty, or  the  rights  and  franchises  of  private  parties  or  corporations  owning  sluicing 
dams  at  or  near  the  points  where  our  selections  of  dam-sit^s  were  made.  In  regard  to 
the  latter,  I  think  it  wonld  be  a  matter  of  small  consequence,  providing  those  partiw 
were  furnished  with  water  for  driving  purposes  to  suit  their  convenience.  In  toe  ra« 
of  the  dam  at  Chengwatana,  owned  by  Mrs.  Anna  Muneh,  of  Saint  Paol,  a  new  dam  «t 
this  point,  built  of  earth  and  stone,  would  cost  about  $30,000;  whereas  the  piest'Dt 
dam,  with  repairs  sufficient  to  raise  the  head  to  13  feet,  might  be  secured  at  a  proba- 
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ble  cost  of  $15,000  by  giving  tho  proprietors  tbe  same  rights  for  sluicing  logs  and  using 
water  which  tliey  now  have.  This  is  a  new  dam,  and  would  answer  every  purpose  at 
this  point  for  10  years  or  more  with  the  usual  repairs  which  timber  structures  roquire. 
In  submitting  the  coet  of  a  dam  at  this  point,  however,  I  estimate  $30,000,  this  being 
a  safe  entimate  in  either  case.  In  regard  to  damage  to  property  by  overflow,  at  this 
time  we  are  not  provided  with  sufficit^ut  information  to  give  an  intelligent  estimate. 

In  assuming  one-fourth  of  the  annual  ruinfall  as  available,  dams  at  £au  Claire  and 
Mud  lakes  will  not  be  required. 

The  cost  of  dams  on  Upper  Saint  Croix,  Uice,  and  Clam  lakes  will  be  materially 
rediu-ed. 

The  list  of  existing  sluicing  dams  does  not  comprise  all  existing  dams  on  the  Saint 
Croix  watershed,  but  those  which  were  found  as  far  as  examinations  were  extended 
or  likely  to  be  of  use  in  a  system  of  reservoirs. 

HEADWATERS  OF  THE  CHIPPEWA  BIYEB. 

The  average  annual  precipitation  for  this  region  is  taken  at  80  inches 
(see  tables  of  rainfall,  report  of  January  15, 1879).  Tables  I  to  IV,  in- 
clusive, giving  results  based  upon  one-thiid  and  one-fourth  the  annual 
rainfall,  with  alternate  propositions  for  dams  and  reservoirs,  and  ap- 
proximate cost  thereof,  as  submitted  by  Assistant  Johnson,  are  appended. 
Considering  Table  II — that  based  upon  one  fourth  the  annual  rainfall — 
we  see  that  12  eligible  sites  for  dams  have  been  found.    They  are — 

1..  On  the  Manatouish  River,  at  the  outlet  of  Rest  Lake.  Proposed 
dam  15  feet  in  height  and  250  feet  in  length.  Resulting  reservoir  capac- 
ity 1,840,000,000  cubic  feet,  corresponding  to  23G.62  cubic  feet  per  second 
for  90  days.  Surplus  supply  1,817,615,360  cubic  feet,  to  be  retained  in 
Bear  Creek  Reservoir.    To  cost  $7,665. 

2.  On  Bear  Creek,  about  10  miles  below  the  outlet  of  the  Flambeau 
Lakes.  Proposed  dam  15  feet  in  height  and  2,500  feet  in  length.  Re- 
sulting reservoir  capacity  5,400,567,152  cubic  feet.  Excess  of  capacity 
over  supply  2,9.>5,591,152  cubic  feet.  Adding  to  the  supply  the  surplus 
from  Rest  Lake  Reservoir,  we  have  4,298,591,360  cubic  feet,  corresponding 
to  a  flow  of  552.81  cubic  feet  per  second  for  90  days.    To  cost  $47,500. 

Taking  these  two  reservoirs  together  we  have  surplus  capacity  of 
1,107,975,792  cubic  feet. 

3.  Below  Park  Lake,  on  the  Turtle  River.  Proposed  dam  to  l>e  15  feet 
high  and  297  feet  in  length.  Resulting  reservoir  capacity  620,782,720 
cubic  feet,  furnishing  for  90  days  79.83  cubic  feet  of  water  per  second. 
To  cost  $9,941.    Surplus  water,  2,410,993,280  cubic  feet 

4.  At  the  outlet  of  Butternut  Lake.  A  dam  can  be  built  at  this  point 
10  feet  in  height  and  336  feet  in  length,  aflfording  reservoir  capacity  of 
585,446,400  cubic  feet,  corresponding  to  75.26  cubic  feet  per  second  for 
90  days,  with  surplus  of  111,513,600  cubic  feet.    To  cost  $5,216. 

5.  At  the  outlet  of  Round  Lake  on  the  Upper  Dor6  Flambeau.  Pro- 
posed dam  to  be  10  feet  in  height  and  170  feet  in  length.  Resulting 
reservoir  capacity  1,303,036,416  cubic  feet,  equal  to  135.93  cubic  feet  per 
second  for  90  days.  To  cost  $10,550.  Excess  of  caj^acity  of  reservoir 
245,080,416  cubic  feet. 

6.  About  2  miles  below  the  outlet  of  Squaw  Lake.  Proposed  dam  to 
be  O  feet  in  height;  length,  250  feet.  Resulting  reservoir  capacity 
731,808,000  cubic  feet,  representing  a  flow  of  84.70  cubic  feet  per  second 
for  90  days.  Cost,  $  1,000.  Excess  of  reservoir  capaeit v,  73, 170,800  cubic 
feet. 

7.  Below  the  outlet  of  Bear  Lake,  E^wt  Fork  of  the  Chippewa  River. 
Proi>osed  dam  19 J  feet  high  and  1,015  feet  long.  Resulting  reservoir 
ciipacity  1,113,148,856  cubic  feet,  corresponding  to  143.15  cubic  feet  per 
second  for  90  days.  To  cost  $25,925.  Surplus  supply  3,147,019,144 
cubic  feet. 
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8.  At  Little  Chief  Lake,  East  Fork  of  the  Chippewa  River.  Dam  to  be 
24  feet  in  height  and  710  feet  in  length.  Resulting  reservoir  capacity 
771,332,009  cubic  feet,  corresponding  to  99.19  cubic  feet  per  second  for 
90  days.    To  cost  t40,702.    Surplus  supply  232,290,391  cubic  feet 

9.  At  the  outlet  of  Moose  Lake^  West  Fork  of  the  Chippewa  River. 
Proposed  dam  to  be  25.7  feet  in  height  ancL  1,235  feet  in  length.  Eefiult- 
ing  reservoir  capacity  2,021,783,402  cubic  feet,  corresponding  to  260 
cubic  feet  per  second  for  90  days.  To  cost  $45,090.  Sun>lu8  supply 
1,712,179,798  cubic  feet. 

10.  Below  Pa-kwa-wang  Lake,  West  Fork  of  the  Chippewa  Elver. 
Proposed  dam  to  be  23  feet  in  height  and  840  feet  in  length.  Resulting 
capacity  of  reser\'oir  6,193,632,598  cubic  feet.  Excess  of  capacity  over 
supply  from  its  own  watershed  1,712,179,998  cubic  feet,  which  can  k 
madeup  from  the  Moose  Lake  surplus.  This  will  then  afford  796Ji«) 
cubic  feet  per  second  for  90  days.  Cost,  $55,617.  The  establishment  (rf 
this  dam  will  flood  out  the  Chippewa  Indian  \illage  of  Pa-kwa-wang. 
This  dam  may,  however,  deprive  a  short  stretch  of  the  West  Fork,  belov 
the  dam-site,  of  the  necessary  quantity  of  water  for  a  time  for  running 
logs.  It  will  be  seen  from  the  tables  that  the  surplus  supply  at  Bear 
Lake  Reservoir  joined  to  that  of  the  watershed  of  Little  Chief  Lake  is. 
in  round  numbers,  3,400,000,000  cubic  feet.  By  raising  the  pro])Ose«i 
dam  at  Little  Chief  Lake  a  foot  or  more  the  necessary  amount  of  water 
to  establish  the  flow  in  the  lower  part  of  the  West  Fork,  above  alluded 
to,  can,  as  reported  by  Assistant  Johnson,  be  turned  into  the  Pa-kva 
wang  Reservoir,  whence,  as  surplus  water,  it  will  feed  the  stretch  refem<i 
to.    (See  A,  general  map.) 

11.  At  Lac  Courtes-Oreilles,  proposed  dam  to  be  5  feet  in  height  and 
260  feet  in  length.  Resulting  reservoir  capacity  1,986,336,000  cnte 
feet,  equivsdent  to  a  flow  of  255.44  cubic  feet  per  second  for  90  days.  To 
cost  $1,631. 

By  reference  to  the  map  it  will  be  seen  that  thei'e  are  two  large -sized 
lakes  within  this  watershed  that  have  no  indicated  outlets  on  the  lami 
maps.  Time  did  not  iulmit  of  tracing  these  up.  It  is  here  assumed  that 
they  lie  within  the  Courtes-Oreilles  watershed.  Persons  professedly 
familiar  with  the  country  claim  that  they  feed  Lac  Courtes-Oreilles. 

12.  On  the  Chipi>ewa  River,  below  the  mouth  of  Paint  Creek,  A  dam 
22  feet  in  height  and  620  feet  in  length  can  be  built  here.  Resulting 
reservoir  capacity  505,336,720  cubic  feet,  equivalent  to  64.99  cubic  feet 
per  second  for  90  days.    To  cost  $60,000. 

Summing  up,  we  have  in  round  numbers  from  all  the  reservoirs  alx>n 
enumerated  2,800  cubic  feet  per  second  for  90  days  to  add  to  the  normal  low 
water  discharge  of  the  stream.  The  low-water  discharge  of  the  Chip|)ewa 
River  at  the  mouth,  or  at  the  jetties,  may  be  taken  at  about  2,600  cubic 
feet  per  second,  and  about  3,400  cubic  feet  just  above  the  entrance  to 
Beef  Slougli.  When  4,000  cubic  feet  i)er  second  pass  through  the  jetties, 
good  navigation  obtains  from  the  mouth  to  Eau  Claire.  Adding  th** 
increment  (2,800  cubic  feet)  from  the  reservoirs  to  the  2,600  cubic  feet 
at  the  mouth,  we  have  at  least  5,400  cubic  feet  per  second  for  !H)  days, 
or  1,400  cubic  feet  per  second  more  than  absolutely  required  for  pur 
poses  of  navigation.  If,  for  purposes  of  sluicing  logs,  it  becomes  necessary 
to  draw  upon  the  reservoirs  before  July  1,  there  will,  at  "most  of  the 
reservoirs,  be  more  water  available  than  required.  To  get  the  quantity 
of  water,  per  second,  eventually  reaching  the  Mississippi  for  the  same 
period,  we  must  consider  the  quantity  flowing  through  Beef  Slougli, 
which,  added  to  the  5,400  cubic  feet,  gives  6,20>0  cubic  feet. 
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Toiicbiug  tliis  region,  Assistant  Johnson  says: 

Northern  Wisconsin  is  still  a  vast  wilderness,  and,  from  the  proffress  that  emigration 
has  made  into  that  portion  of  the  Stat'e  since  it  was  opened  by  the  Wisconsin  Central 
Kailroady  it  promis(«  to  rc^main  so  for  twenty  or  thirty  years  to  come.  This  is  par- 
tially owing  to  the  labor  required  in  clearing  up  the  land,  but  more  especially  to  the 
fact  that  the  clay  soil  which  predominates  in  tnat  region  is  generally  Impervious  to 
water.  Besides  this,  rocks  are  so  common  in  the  soil  tnat  the  lands  are  not  desirable 
for  farming  puq^oses.  Even  in  swamps  we  invariably  find  bowlders  and  gravel  at 
the  bottom.  Hence  ii  is  difficult  to  see  where  the  existence  of  reservoirs  in  this  region 
will  interfere  either  directly  or  indirectly  with  agricultural  interests. 

In  regard  to  damages  to'  water-power  for  mill-sit^s,  it  is  not  probable  that  lumber 
will  ever  be  manufactured  in  this  region,  for  the  reason  that  the  market  for  lumber  of 
the  Chippewa  Valley  is  iu  the  Mississippi  Valley,  and,  until  we  reach  the  vicinity  of 
Chippewa  Falls,  it  would  be  imiM)ssible  to  run  lumber  without  going  to  unwarrantable 
expense. 

In  view  of  the  above  considerations  the  reservoirs  will  not  be  detrimental  to  the 
manuiacture  of  lumber.  The  only  cause  of  complaint  that  could  arise,  providing;  that 
the  lambering  interests  were  made  subservient  to  the  interests  of  commerce  in  the 
Mi8si8sip)»i  Valley,  is  perhaps  a  delay  of  one  or  two  months  in  getting  the  drives  to 
their  destination  at  Chi)>pewa  Falls,  Eau  Claire,  and  points  below.  But  when  we 
consider  that  dnring  winters  when  the  fall  of  snow  is  very  small  the  lumbering  inter- 
ests are  embarrassed  during  the  entire '  season  following,  as  was  the  case  on  the  Chip- 
pewa in  1874,  a  delay  of  a  month  or  two  is  only  a  guarantee  iu  the  end  of  successml 
operations  during  each  season. 

The  area  of  watershed  tributary  to  the  river  at  Chippewa  Falls  is 
about  5,500  square  miles,  the  total  area  drained  by  the  river  being  about 
9,600  square  miles. 

The  approximate  total  cost  of  the  dams  and  dikes  would  be  $313,837. 
Construction  of  timber,  earth,  gravel,  and  rock. 

HEADWATERS  OF  THE  WISCONSIN  RIVER. 

The  average  annual  precipitation  for  this  region  is  also  taken  at  30 
inches  (see  tables  of  rainfall,  report  of  January  15,1879).  Calculations 
have  been  made,  based  upon  one-third  and  one  fourth  the  rainfall  as 
factors,  the  reaults  of  which  are  given  in  the  appended  Table  I,  Head- 
waters of  the  Wisconsin. 

The  great  difficulty  for  the  Wisconsin  system  consists  iu  finding  stor- 
age capacity  for  water.  But  six  eligible  sites  for  dams  for  the  formation 
of  reservoirs  of  any  size  have  been  found  from  the  surveys  of  this  or  of 
last  season.    They  are : 

1.  On  the  Wisconsin,  below  Eagle  Kiver,  at  Otter  Eapids.  A  dam  can 
be  constructed  here  22  feet  high,  1,300  feet  in  length,  affording  reservoir 
capacity  of  7,389,727,488  cubic  feet,  corresponding  to  a  flow  of  950.32 
cubic  feet  per  second  for  90  days.  Surjilus,  220,262,592  cubic  feet.  Dam 
and  necessary  diking  to  cost  $38,113. 

2.  On  Sugar  Camp  Creek,  about  IJ  miles  from  its  junction  with  the 
^Vi8Consin.  A  dam  can  be  built  at  this  locality  12^  fe^t  in  height,  235 
feet  in  length,  to  create  reservoir  capacity  of  1,356,284,160  cubic  feet,  the 
surplus  ca2)acit3'  being  339,884,160  cubic  feet,  and  the  quantity  of  water 
impounded  for  one  season  furnishing  a  supply  of  130.71  cubic  feet  per 
second  for  90  days.    Cost  of  dam  and  diking,  $8,162. 

3.  On  the  Wisconsin  River,  just  above  the  mouth  of  Pelican.  A  dam 
van  be  constructed  here  28  feet  in  height,  and  800  feet  in  length,  aflford- 
iupj  reservoir  cai)acity  of  5,153,180,527  cubic  feet,  corresponding  to  662.71 
cubic  feet  per  second  for  90  ilays.  Surplus  sui>pl v,  13,325,873  cubic  feet. 
Cost  of  dam  and  diking,  $62,929. 

4.  .*On  the  Upper  Tomahawk.  A  dam  12  feet  high,  and  190  feet  long, 
ailbrding  2,226,113,036  cubic  feet  reservoir  capacity,  corresponding  to 
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217.37  cubic  feet  per  second  for  90  days.    Surplus  reservoir  capacity, 
635,810,796  cubic  feet.    To  cost  $4,729. 

5.  Below  Squirrel  Lake,  on  the  Tomahawk,  a  dam  17  feet  in  height^ 
and  315  feet  in  length,  will  create  reservoir  capa<jity  of  1,338.163,200  cu- 
bic feet,  corresponding  to  a  discharge  of  121.52  cubic  feet  per  second  for 
90  days.  Surplus  reserv^oir  capacity,  393,201,600  cubic  feet.  Cost  of 
dam,  $17,115. 

6.  On  the  Tomahawk,  below  Eice  Lakes.  A  dam  can  be  placed  here 
14  feet  in  height,  and  1,100  feet  long,  to  create  reservoir  capacity  of 
1,043,516,880  cubic  feet,  corresponding  to  134.19  cubic  feet  per  second 
for  90  days.    Surplus  supply,  5,821,539,120  cubic  feet.    To  cost  $24,930. 

Dams  at  Lac  Vieux  Desert  and  Twin  Lakes  can  be  established  to  hold 
the  surplus  at  Otter  Rapids. 

On  account  of  the  forced  locations  for  these  dams  so  near  the  extreme 
sources,  the  reservoir  capacity  produced  by  several  of  them  is  in  excess 
of  the  supply,  although  the  total  surplus  from  the  area  tributary  to  tlie 
proposed  reservoirs  is  estimated  at  4,500,000,000  cubic  feet. 

The  quantities  above  given  are  based  upon  one-fourth  the  rainfall  m 
a  factor. 

It  is  claimed  by  some  and  denied  by  others,  who  profess  familiarity 
with  the  Wisconsin  River,  that  a  site  for  a  high  dam  exists  below  the 
junction  of  the  Tomahawk  and  Wisconsin  rivers,  and  that  a  reservoir 
can  be  created  of  sufficient  capacity  to  retain  the  surplus  waters  from 
the  reservoirs  above.  It  is  of  importance  to  settle  this  question,  and  it 
is  proposed,  as  soon  as  an  opi)ort unity  occurs,  to  send  a  small  party  to 
examine  the  ground  instrumentally,  and  also  to  further  examine  Pelican 
River. 

With  the  reservoirs  now  found  practicable  we  can  deliver,  in  rouud 
numbers,  2,300  cubic  feet  per  second  for  a  period  of  90  days.  This 
quantity,  considered  as  an  increment  to  the  discharge  of  the  Mississippi 
River  at  the  mouth  of  the  Wisconsin,  would  be  too  small  to  prove  of 
benefit  to  the  Mississippi  below  that  point.  The  surplus  water  from  the 
areas  tributary  to  the  proposed  reservoirs  is  so  great  that  we  can  dismiss 
the  question  of  any  diminution  of  the  2,300  cubic  feet  on  account  of 
evaporation  from  surfaces  of  reservoirs,  or  en  route  to  the  lower  river,  oi 
by  absorption  en  route, 

Lagren6  {Cours  de  navigation  intirieure)  states  that  the  rate  of  evapo- 
ration from  water  in  a  state  of  agitation  compared  with  that  fh>m  the 
surface  of  a  body  of  water  at  rest  has  been  reported  as  65  to  45.  Of 
course  this  proportion  varies  with  localities  and  change  of  conditions. 
The  discharge  of  the  impounded  water  will  in  some  cases  upon  the  Wis- 
consin (and  also  upon  the  Saint  Croix  and  Chippewa  rivers)  pass  oyer 
rapids  of  greater  or  less  expanse.  But  any  such  items  of  dtminution 
sink  into  insignificance  when  compared  with  the  surplus,  not  only  from 
the  areas  above  the  reservoirs,  but  from  the  watershed  generallj.  The 
matter  is  merely  touched  upon  here  to  show  that  it  has  received  atten- 
tion. 

A  «mall  portion  of  the  surplus  waters  may  be  held  by  converting  Lac 
Vieux  Desert  and  Twin  Lakes  into  reservoirs  by  the  construction  of 
dams  at  an  estimated  cost  of  $15,000  to  $20,000. 

The  entire  area  of  the  Wisconsin  River  watershed  is  about  11,800 
square  miles.  The  total  area  above  the  proposed  reservoirs  is  aboat 
1.410  square  miles,  and  the  area  of  watershed  tributaiy  to  the  river 
above  Portage,  the  head  of  navigation,  is,  after  deducting  that  from 
which  the  reservoirs  would  draw  their  supply,  about  6,800  square  miles. 
So  that  no  injurious  effects  are  expected  to  accrue  to  navigation  up^n 
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the  Lower  Wisconsin  at  any  time  owing  to  the  impounding  of  water 
before  July  1.  As  to  any  interruption  to  the  oi)eration8  of  log-driving 
before  the  gates  can  be  opened,  or  a«  to  the  quantities  of  water,  if  any, 
necessary  to  be  expended  from  the  reservoirs  before  July  1  for  sluicing 
logs,  I  am  not  at  this  moment  prepared  to  speak  decidedly. 

The  advantage  of  driving  logs  with  sufficient  suj)ply  of  water  will, 
doubtless,  be  considered  by  lumbermen  as  compensation  for  any  short 
delay.  Whether  an  increment  of  2,300  cubic  feet  x)er  second  for  90  days, 
added  to  the  normal  discharge  of  the  stream  during  a  period  of  90  days, 
when  low-water  ordinarily  occurs,  will  be  of  material  benefit  to  the  navi- 
gable sti-etches  below  the  proposed  dams  or  not  is  a  matter  in  regard 
to  which  I  would  respectfully  defer  to  the  oiiicer  in  charge  of  the  im- 
provement of  the  Wisconsin  Kiver. 

The  total  estimated  cost  of  the  proposed  dams,  including  those  at 
Vieux  Desert  and  Twin  Lakes,  is,  as  given  by  Assistant  Raynolds, 
$170,978.  This  estimate  is  only  an  approximate  one,  it  being  difficult 
to  arrive  at  close  estimates  for  the  region  under  consideration,  and  es- 
pecially so  in  the  absence  of  borings  at  selected  dam-sites. 

Damage  to  proi)erty  from  overflow,  caused  by  the  proposed  dams,  has 
not  been  arrived  at,  but  it  will  be,  it  is  thought,  slight,  as  the  land  is 
generally  of  little  value.  Lists  of  lands  liable  to  overflow,  as  complete 
as  can  be  made  at  present,  are  appended. 


EFFECT  UPON  THE  NAVIGATION  OF    THE  MISSISSIPPI  RIVER  OF  ALI. 
TH15    RESER 

3«nssrssrppi. 


TH15    RESERVOIRS,    INCLUDING    THOSE    AT    THE    S0UT6CES    OP    THE 


Collecting  the  various  items  of  discharge,  we  find  that  we  can  control, 
from  the  proposed  reservoirs  at  the  sources  of  the  Mississippi,  sufficient 
water  to  insure  a  steady  flow  of,  at  the  least,  12,200  cubic  feet  per  second, 
past  Saint  Paul,  for  100  days  (see  my  report  of  December  12, 1879);' and 
from  the  Saint  Croix,  for  the  same  period,  6,000  cubic  feet  per  second. 
The  sum  of  these  gives  about  18,000  cubic  feet  per  second  for  100  days. 

A  gauging  of  the  Mississippi  River,  in  the  fall  of  1878,  taken  several 
miles  below  the  mouth  of  the  Saint  Croix,  under  the  direction  of  Major 
Farquhar,  Corpsof  Engineers,  reduced  to  the  low^ water  of  1864,  showed 
10,100  cubic  feet  of  water  per  second  passing  that  point,  or  but  little 
more  than  one-half  of  the  quantity  that  can  be  assured  for  100  days,  as 
above  stated.  Kow,  carrying  our  quantity  forward  to  the  mouth  of  the 
Chippewa,  neglecting  the  area  of  watershed  tributary  to  the  river  be- 
tween the  Saint  Croix  and  the  mouth  of  theChipi>ewa,  we  have  at  the 
latter  point  4,860  cubic  feet  more  per  second  for  100  days,  or,  in  all, 
22,860  cubic  feet  per  second  for  100  days.  And  passing  the  mouth  of 
Beef  Slough  we  have  about  23,660  cubic  feet  per  second  for  the  same 
period ;  in  round  numbers,  24,000  cubic  feet. 

A  gauging  of  the  Mississippi  Eiver  at  Winona,  about  30  miles  below 
Beef  Slough,  under  direction  of  Major  Farquhar,  in  1878,  reduced  to 
the  low- water  of  1864,  showed  11 ,190  cubic  feet  of  water  per  second  pass- 
ings that  point,  or  less  than  one-half  of  the  quantity  that  can  be  assured 
from  the  combined  operations  of  the  proposed  reservoirs  at  the  sources 
of  the  Mississippi,  Saint  Croix,  and  Chippewa  rivers,  added  to  the  nor- 
mal low- water  flow  of  these  three  streams  ^  24,000  cubic  feet  per  second 
for  a  width  as  at  Winona  would  afibrd  not  less  than  5  feet  in  the  chan- 
nel. 

We  have  thus  far  neglected  the  smaller  watersheds  between  the 
month  of  the  Saint  Croix  and  the  mouth  of  the  Chippewa.    By  exam- 
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ining  the  table  of  watersheds,  Appendix  X,  we  see  that  between  the 
mouth  of  Beef  Slough  and  the  mouth  of  the  Wisconsin  is  a  watershed 
of  about  8,000  square  miles.  The  precipitation  over  this  area  for  the 
months  of  July,  August,  September,  and  October  may  be  taken  as  av- 
eraging 12  inches.  Assuming  ^  as  a  factor,  we  have  as  additional 
quaiitity  of  water  just  above  the  Wisconsin  an  average  of  5,400  cubic 
feet  for  120  days,  or  omitting  the  20  days,  in  all  a  litUe  more  than  29,000 
cubic  feet  for  KK)  days ;  and  just  below  the  mouth  of  the  Wisconsitt 
(adding  the  low- water  flow  of  that  strean^  to  the  2,300  cubic  feet  from  its 
reservoirs),  at  least  36,000  cubic  feet  per  second  for  90  days.  As  to  what 
can  best  be  accomplished  on  the  Mississippi  Biver  below  Saint  Paul  by 
these  volumes  the  officer  in  charge  of  that  stretch  of  river  is  better  pre 
pared  to  answer. 

The  figures  that  have  been  taken  as  rei>resenting  the  low-water  tlov 
of  these  streams  are  much  below  their  average  discharges  between  Jalvl 
and  the  middle  of  November. 

Many  of  the  reservoirs  will  have,  when  considered  only  with  refereuw 
to  one  season,  large  surplus  capacities.  But,  on  the  other  hand,  there 
may  be  expected  to  compensate  seasons  when  the  full  supply  will  not 
be  drawn  upon.  In  this  case,  the  water  can  accumulate  and  fill  them  to 
their  maximum  capacities. 

As  regards  the  efi'ect  upon  the  quantity  of  rainfall  annually  by  defor- 
esting and  rewooding  extensive  areas  of  country,  T  will,  without  refer 
ring  to  meteorological  observations  made  by  myself,  refer  to  those  tab- 
ulated in  my  report  of  January  15, 1879.  By  an  inspection  of  these  ta- 
bles it  will  be  seen  that  the  Saint  Paul  records  cover  seven  consecntiTe 
years,  viz.,  from  1872  to  1878,  inclusive. 

The  annual  rainfall  is  for — 

SAINT  PAUL,   MINNESOTA. 


Inches. 

For  1872 28.86 

1873 33.74 

1874 35.57 

1875 30.66 


Incbfft. 

For  1876 23.er 

1877 2i» 

1878 22.  OJ 


FORT  8NELLING,  MINNESOTA. 


For  1837 24.02 

1838 27.72 

18:J9 21.19 

1840 23.17 

1841 21.67 

1843 23.70 

1844 30.24 

1845 25.34 

1846 26.10 

1847 21.80 

1848 23.18 

1849 49.69 

1850 25.50 

la^l 23.42 

1852 15.07 


For  1853. 20.47 


18SA 

1855. 

1856 

1857. 

1868. 

1869. 

1870. 

1871 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 


26.59 
24.75 
2168 
32.09 
32.$! 
34.  S3 
26.0? 

21.:;? 

17.ffi 

lan 

lfi.56 
27.  li 
29.32 
VX  4? 


FORT  RIPLEY.  MINNESOTA. 


For  1850 35.32     For  1862 14.39 


1852 34.52 

1853 26.12 

1854 18.49 

1855 23.55 

1856 25.33 

1858 19.81 

1859 26.00 

1860 30.61 

1861 32.42 


1863. 

1867, 

1868. 

1871, 

1872. 

1873. 

1875 

1876 


17.  a> 
30.34 
28.03 
34.0* 
31.77 
40.78 
28.17 
19.48 
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FORT  RI0GELY,   MINNESOTA. 
Inohes. 


Inches. 


For  1855 34.78 

1856 23.20 

1857 38.38 

1868 22.62 

1859..., 32.85 


For  1860 16.97 

1861 21.89 

1862 30.05 

1863 18.17 

1864 14.46 


DULUTH,  MINNESOTA. 


For  1873 38.42 

1874 39.86 

1875 25.13 


For  1876 31.86 

1877 32.19 


FORT  PEMBINA,   DAKOTA. 


For  1872 17.19 

1873 14.05 

1874 11.88 


For  1875 11.60 

1876 24.70 

1W7 2%.  04 


FORT  ABERCROMBIE,   DAKOTA. 


For  1861 23.39 

1862 11.38 

lri6;J 13.40 

1H64 16.  a5 


For  1868 18.90 

1870 20.47 

1871 15.27 

1872 27.83 


FORT  WINNEBAGO,   WISCONSIN. 


For  1837 31.34 

1838 27.88 

1H39 28.95 

1840 27.12 


For  1841 28.45 

1842 24.51 

1843 22.80 


FORT  HOWARD,    WISCONSIN. 


For  183^5 37.64 

1837 40.55 

1«38 37.56 


For  1839 31.28 

1840 33.57 

1851 31.47 


The  felling  of  timber  han  been  actively  carried  on  over  the  greater 
portions  of  Minnesota  and  Wisconsin  for  the  past  thirty  years,  having 
been  especially  active  for  the  past  fifteen  years,  and  the  records  do  not 
indicate  any  decrease  in  the  annual  precipitation  due  to  deforesting 
the  country.  Nor  does  there  appear  from  inspection  of  the  monthly 
means  of  rainfall  contained  in  the  report  above  referred  to  any  logical 
connection  between  the  felling  of  trees  and  the  distribution  of  the  rain- 
fall by  seasons.  It  would  be  premature,  however,  to  express  any  de- 
cided opinion  in  this  matter,  as  nothing  but  long  continued  observations 
can  furnish  the  means  of  arriving  at  conclusions  in  the  case.  Meteoro- 
logical conditions  vary  for  dififereut  areas. 

Cultivation  of  the  ground  may,  it  is  much  easier  to  see,  affect  the  flow 
of  water  into  the  streams,  sometimes  conducing  to  a  rapid  increase  in  the 
volumes  of  the  streams,  and  again  retarding  the  flow  so  as  to  maintain 
a  more  equable  stage,  depending  upon  surface  and  subsurface  formation[, 
&c.  Long  continuea  observations  of  the  daily  stand  of  water  in  the 
principal  afiiuents  and  the  main  streams,  as  well  as  frequent  gaugings  of 
the  flow  of  water  in  each,  afibrd  the  onl^'  means  of  arriving  at  any  con- 
clusions of  value  upon  this  point. 

We  have  ascertained  as  far  as  x>ossible,  to  date,  the  extent  of  prop- 
erty liable  to  overflow  or  to  be  afifected  by  the  construction  of  the  pro- 
posed tlams.  Doubtless  some  interests  will  be  benefited  by  the  creation 
of  the  reservoirs }  others,  again,  will  be  injured.  Many  of  the  dams  pro- 
posed will,  if  constructed,  develop  water-power. 

Tlie  examinations  necessarily  covered  more  ground  than  was  at  first 
anticipated.  Much  of  the  information  that  had  been  furnished  the  par- 
ties by  persons  professing  familiarity  with  the  country  was  found,  upon 
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examination  of  the  gronnd,  to  be  wortMess.  The  greater  part  of  the 
field  work  has  been  accomplished,  but  reconnaissances  of  several  possi- 
ble sites  ought  to  be  made.  In  addition,  borings  at  most  of  the  selected 
dam-sites  upon  the  Saint  Croix,  Chippewa,  and  Wisconsin  rivers  should 
be  made  in  order  that  estimates  of  the  cost  of  foundations  may  be  ren- 
dered with  more  exactness  than  can  be  done  at  present.  Meteorological 
observations  should  be  continued  in  Wisconsin  for  another  year  at  least, 
and  the  main  streams  and  affluents  more  thoroughly  gauged.  The  esti- 
mated cost  of  the  examinations  and  observations  is  $10,000. 

I  would  especially  invite  attention  to  the  valuable  reports  of  Assist- 
ants Simar,  tlohnson,  and  Raynolds,  herewith  submitted. 

Assistant  J.  D.  Skinner  has  continued  in  immediate  charge  of  the 
parties  in  the  field,  contributing  largely  to  the  successful  operations  of 
the  season. 

I  am  much  indebted  to  Mr.  J.  P.  Frizell,  principal  assistant,  and  to 
Assistant  Engineers  Guy  Wells  and  C.  J.  A.  Morris  in  the  matter  ol  es^ 
timates  for  and  details  of  dams,  &c. 

It  will  be  seen  from  the  foregoing  that  if  the  plan  of  reservoirs  as 
adjuncts  to  the  navigation  of  the  Upper  Mississippi,  Saint  Croix,^  Chiiv 
pewa,  and  Wisconsin  be  adopted,  good  results  for  each  stream,  and  alti 
mately  to  the  main  Mississippi,  can  best  be  realized  by  the  constraction 
of  all  the  dams  proposed.  The  question  of  expediency,  however,  is  ooe 
with  which  the  engineer  generally  has  little  to  do,  his  ofiftce  commonlj 
being  to  present  facts  and  figures. 

In  order  to  operate  the  dams  to  best  advantage  they  should  all  come 
within  telegraphic  communication  with  a  central  ofQce.  The  cost  of 
telegraph-lines,  including  batteries,  &c.,  for  the  several  systems,  is  esti 
mated  as  follows: 

For  the  Upper  Mississippi $15,  j& 

For  the  Saint  Croix Ti.TTV 

For  the  Chippewa 9,ft<' 

For  the  Wisconsia 9,1*^ 

These  estimates  may  be  reduced  as  private  telegraph-lines  multiplj 
and  where  consolidation  can  be  effected  in  the  case  of  several  dams 
being  separated  from  each  other  by  but  a  few  miles. 

The  cost  of  maintaining  the  dams,  &c. — understanding  by  this  the 
repairs — is  not  easy  to  state.  From  the  best  information  to  date,  I 
assume  that,  if  well  built,  15  per  cent,  of  their  original  cost  will  suffice 
for  the  first  ten  years. 

The  cost  of  operating  a  dam  would  probably  average  $800  per  anDOJii. 
The  dam-tenders  could  perform  the  duties  of  the  telegraph  operators 
and  meteorological  observers  also.  Some  redaction  in  expense  of  oi)er 
ating  dams  might  be  made  by  consolidation.  A  system  of  gauge-rodd  at 
prominent  points  on  the  streams  and  the  employment  of  gauge-reade^ 
would  also  be  necessary.    Probable  cost  per  annum,  $1,5^. 

BECAPITULA.TION  OF  ESTIMATES. 

Sources  of  the  Mississippi/  (See  report  of  December  12,  1879.) 

Dams |3j^,9i7S' 

Telegraph-lines,  &c 15, 5'&  i*' 

Total 40i,4a^» 

Maintenance  the  first  ten  years,  15  per  cent 60, 367  ©3 

Coat  of  operating  dams,  per  annum 6, 6i^  ^^^ 

Gauge-rods  and  observers,  per  annum 375  Oi) 
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Souroea  of  the  Saint  Croix, 

Dam« $385,720  28 

Conting;encie8  of  engineering,  10  percent 38,572  02 

Telegraph-lines,  Ac 12,75<^  00 

Total 437,042  30 

Maintenance  first  ten  yeani,  15  per  cent 65,556  34 

CoBt  of  operating,  per  annum 6,400  00 

Gauge-rods  and  ol>»erver8,  per  annum 375  00 

Sources  of  the  Chippe^ra, 

]>ara8 $313,837  00 

Contingencies  of  engineering.  10  per  cent 31,383  70 

Telegraph-lines 9,000  00 

Total 354,220  70 

Maintenance  first  ten  years,  15  per  cent 5!),  133  10 

Cost  of  operating  dame  per  annum 5, 600  00 

Gauge-rods  and  observers,  per  annum 376  09 

Sources  of  the  Wiscownn. 

Dams 1170,978  00 

Contingencies  of  engineering,  1 0  per  cent 17,097  80 

Telegraph-lines 9,000  00 

Total 197,075  80 

Maintenance  first  ten  years,  15  per  cent 29, 561  37 

Cost  of  operating,  i)er  annum 4,000  00 

Gauge-rods  aud  observers,  per  annum 375  00 

To  accompany  this  report  are  appendixes  a  to  a?,  inclusive,  and  the 
following-named  maps  and  [dots : 

One  general  map  of  the  Saint  Croix  watershed. 

Que  general  map  of  the  Chippewa  watershed. 

One  general  map  of  the  Wisconsin  watershed. 

One  plotting  of  gange-rea<lings  at  Taylor's  Falls,  Saint  Croix  River,  1879. 

One  plotting  of  gauge-readings  at  Stillwater,  Saint  Croix  River,  1879. 

One  plotting  of  gauge-readings  at  £au  Claire,  Chippewa  River,  1879. 

One  plotting  of  gauge-readin|;s,  mouth  of  Chippewa  River,  1879. 

Ouo  set  colored  platfl,  lands  liable  to  overflow,  Saint  Croix  River. 

One  set  coloi'ed  plats,  lands  liable  to  overflow,  Chippewa  River. 

One  set  colored  plats,  lands  liable  to  overflow,  Wisconsin  River. 

lu  ally  24  appendixes  and  10  maps  aud  plots. 

Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineer 8 J  U.  S,  A. 


APPENDIX  a. 
Saixt  Croix  River. 

report  of  mr.  vine  d.  8imar,  assistant  enginbr!<. 

Engineer  Office,  United  States  Army, 

Saint  Paul,  December  30,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  preliminary  report  of  surveys  and 
examinations  of  the  sources  of  the  Saint  Croix  Eiver,  with  tracing  of  general  map 


161ff    KEPOET   OF   THE   CHIEF   OF   ENGINEKRS,    U.    8.   ARMY. 

showing  watershed,  location  of  dam  sites,  capacity  of  holding-gronnds,  and  sach  in- 
formation as  conld  oe  shown  in  the  time  allotted  to  this  report.    The  work  oonsiftod 
in  the  examination  of  those  portions  of  the  Saint  Croix  watershed,  of  which  previoiis 
examination  had  not  been  made,  to  ascertain  if  any  and  what  amount  of  water  can 
he  held  by  reservoirs  in  addition  to  the  results  of  last  year,  and  the  cost  of  oonstruct- 
Ine  dams,  with  as  much  information  of  value  as  possible.     Work  was  commenced  June 
4,  by  sending  a  detached  party  into  the  field  in  charge  of  Assistant  R.  Davenport, 
witn  instructions  to  run  a  base  line  of  levels  from  Rush  City  on  the  8aint  Paal  and 
Duluth  Railroad,  across  and  up  the  valley  of  the  Saint  Croix  River  to  Upper  Lake 
Saint  Croix,  making  connections  with  the  work  done  last  year,  and  leawins  bench- 
marks at  prominent  points  to  facilitate  future  operations.    Upon  the  completion  of 
this  work  it  was  thouffht  best  to  run  a  line  of  levels  up  the  Namakagon  River  from 
Veazie's  Ranch  to  Little  Puckwawance ;  this  was  done  by  Assistant  Davenport,  who 
then  reported  to  the  main  party  at  Rice  Lakes,  June  2^. 

The  main  party  left  Saint  Paul  June  12,  via  the  North  Wisconsin  Railroad  to  Grin- 
ite  Lake,  at  that  time  the  terminus  of  the  line,  and  about  20  miles  distant  from  Yel- 
low River  crossing.  This  distance  was  made  by  teams  through  the  Big  Woods  and 
over  execrable  roads.  Upon  arriving  at  Yellow  River,  the  14th,  work  was  startoi 
from  this  point  by  running  a  line  of  levels  up  the  river  to  Mud  Lake.  This  lake  has 
an  area  of  2^  square  miles,  and  can  be  made  available  for  holding  any  Hmall  Hurplns 
not  held  at  more  eligible  points.  A  line  of  levels  was  run  down  the  river  from  Yeilov 
River  crossing  to  £ce  Lakes,  at  which  point  a  dam  site  was  selected,  and  suney 
made,  to  obtain,  if  possible,  holding-grounds  for  the  surplus  not  held  on  Yellow  Biver. 

The  dam  site  affords  a  rise  of  25  feet  above  low-water.  This  was  taken  as  the  pro- 
posed height  of  dam,  and  contour  lines  run  to  that  elevation.  After  completing  thf 
survey  of  the  dam  site,  transit- lines  were  run  around  the  entii*e  holding- gronn<ls  ind 
as  near  as  ))racticab]e  to  the  line  of  flowage.  A  line  of  levels  followed,  and  freqm-Dt 
cross-sertion  lines  were  run  out,  to  accurately  determiue  the  fiowage  lint*.  lutt-nnf- 
diato  lines  were  run  with  compass  where  required.  The  location  of  the  dam-site  i* 
the  be8t  that  could  be  found.  It  has  a  length  of  600  feet  on  tgp,  while  the  valley  is 
about  250  feet  wide  at  a  rise  of  15  feet.  The  banks  of  the  stream  are  composed  ui 
sand  and  fine  gravel.  The  bed  of  the  river  consists  of  sand  and  gravel  to  a  depth  ot 
10  to  15  feet.  At  this  depth  there  api>ears  to  be  a  deposit  of  day  and  gravel ;  thi*. 
however,  could  not  be  accurately  determined  with  the  appliances  with  which  we  w«-n 
provided.  In  addition  to  the  dam  proper,  there  will  be  i'«»quired,  at  dififerent  point-, 
about  1,500  linear  feet  of  dike,  of  an  average  height  of  13  feet.  Our  surveys  show 
the  following  results  on  Yellow  River : 

Area  of  watershed,  321^  square  miles 8, 962, 905, 6(K)  square  fwt 

Available  rainfall 0.7  foot. 

Cubic  f«*i 
8upply  from  watershed t>,  274, 033, 9:t 

Capacity  of  reservoirs : 

Yellow  Lake,  survev  of  1878 cubic  feet . .  3, 402, 712, 000 

Rice  Lake,  survey  of  1879 do 2,474,944,500 

Total  holding  capacity 5.  »^,ii56..V<' 

Leaving  a  surplus  of :<96,  .'^77.4^ 

which  can  be  held  on  Mud  Lake  with  6  feet  rise  of  dam,  thus  leaving  no  surplus  m 
Yellow  River. 

From  reservoirs,  full,  can  be  furnished  for  90  days,  per  day,  69,71 1,4^8  cubic  ft-tt: 
per  second,  807  cubic  feet. 

CHARACTER  OF  THE  STREAM. 

Yellow  River  is  termed  a  constant  stream,  from  the  small  range  in  the  natural  ri^ 
and  fall  of  the  river  throughout  the  year,  which  varies  from  1^  to  3^  feet,  owing  to 
locality.  Springs  and  spring  creeks  are  numerous  on  the  upper  porrions  of  the  streao. 
The  valley  is  generally  narrow,  being  from  200  to  800  feet  in  width,  althonirh  in  some 
localities  it  widens  into  tamarao  marges  of  considerable  extent.  The  first  banb 
have  a  general  elevation  of  15  feet  above  low-water,  running  back  into  high  broken 
ridges  covered  with  white,  Norway,  and  Jack  pine.  There  are  some  rapids  on  the  op- 
per  portion  of  the  river.  Little  or  no  stone  or  bowlders  are  found  until  reaching  tbe 
rapids  below  Yellow  Lake,  which  are  almost  continuous  to  the  month  of  the  stn*affi. 

Our  next  point  of  operations  was  on  the  Namakagon  River,  about  32  miles  ab(»Tf 
the  mouth,  near  Veazie's  Ranch.  This  is  the  most  available  point  for  holdiojc- 
grounds  above  the  mouth  of  Totogatic  River  and  below  Namakagon  Lake.     It  wa^ 
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not  iU'«iuecl  adviHable  to  makt*  a  Hiirvey  at  the  latter  pointy  there  behig  ouly  43  square 
miles  of  watershed  to  supply  a  reservoir  which  gives  by  one-third  the  annual  rain- 
fall, alM>ut  800,000,000  cubic  feet.  This  amount  can  be  held  by  the  sluicing-dam  in 
operation  at  the  outlet  of  Naniakagon  Lake.  "  * 

The  dam  site  at  Veazie's  affords  a  height  of  30  feet.     Contour  lines  were  run  to  this 
elevation,  the  work  being  done. in  a  similar  manner  a»  at  Rice^s  Lakes.    Upon  com- 

f dieting  the  survey,  it  was  found  that  the  holding-grounds  were  not  as  large  as  had 
»eeu  anticipated.  They  comprise :  Whalen's  Lake  and  the  valley  of  Whalen's  Creek 
on  the  nortn ;  Trout  Brook  on  the  south  ;  the  valley  of  the  Namaka^on  to  the  mouth 
of  Spring  Brook,  and  the  •valleys  of  Beau  Brook  and  Jordan  Creek  between  these 
jmints.  These  valleys  are  small,  sloping  to  higher  grounds  on  either  side,  rendering 
the  holding  capacity  of  the  reservoir  small. 

Dam  nte. — Tlie  banks  are  high  at  this  point,  the  length  of  dam  being  330  feet,  to 
which  must  be  adde<l  70i»  linear  feet  of  dike,  with  an  average  height  of  6  feet  on  the 
north  side  of  the  river.    The  river  banks  are  sand  and  light  soil :  the  bed  of  the 
stream  is  of  sand  and  fine  gravel  to  a  depth  of  6  to  10  feet.    Careful  soundings  were 
taken  to  determine,  if  possible,  the  natiire  of  this  substratum,  which  was  thought 
to  be  clay  and  gravel  or  some  equally  hard  material.    Upon  completing  our  work  at 
this  point,  examinations  were  continued  down  the  river.     A  line  of  levels  was  ran 
down  the  river  to  Moore's  Station,  H  miles  below  the  mouth  of  the  Totogatic,  to  con- 
nect with  the  base  line  o'f  levels  run  from  Rush  City.    Observations  were  frequently 
made  to  determine  the  slope  of  the  river.    Arriving  at  the  mouth  of  McKenzie  Brook, 
A  line  of  levels  was  run  up  the  creek  to  McKenzie  Lake  to  ascertain,  if  possible,  how 
to  utilize  this  and  the  lakes  above  for  holding-grounds  on  the  Namakagon  Kiver,  as 
it  was  thought  possible  to  Dow  these  lakes  by  putting  a  dam  across  the  Namakagon,  a 
short  distance  below  the  mouth  of  the  creek.    This  was  found  to  be  impracticable, 
there  being  a  rise  of  33  feet  from  the  mouth  of  the  creek  to  the  first  lake,  a  distance 
of  2^  miles.     Hasty  examinations  were  made  in  the  vicinty  of  Webb  Creek  and  Lake 
and  at  the  mouth  of  the  Totogatic  River  to  find,  if  possible,  sufficient  holding-g:ix>und8 
to  justify  us  in  making  a  survey  at  this  point,  the  surplus  on  the  Namakagon  being  ' 
verv  large.     Subsequent  surveys  were  made  with  the  following  results :  By  putting  a 
liigh  dam  across  the  Namakason,  1  mile  below  the  month  of  the  Totogatic  River,  a 
large  holding-grround  can  be  obtained  and  the  supply  be  drawn  from  either  of  the  two 
named  rivers.    Forty  feet  were  taken  as  the  rise  or  dam.    Transit  and  level  lines  were 
run  up  the  Totogatic  a  distance  of  10  miles,  to  the  mouth  of  Chicorg  Creek,  and  up 
the  Namakagon  to  Casley  Brook,  12  miles  above  the  dam  site.     From  these  base  lines 
numerous  intermediate,  transit,  compass,  and  stadia  lines  were  run  out,  as  occasion 
required.    The  area  of  holding-trrounds  is  about  7^  square  miles,  comprising  10  miles 
of  the  valley  of  the  Totogatic,  12  miles  of  the  valley  of  the  Namakagon,  Webb  Creek 
Valley,  Webb  Lake,  and  some  small  lakes,  with  adjacent  marshes  and  low  lands.    Our 
aurveys  show  the  following  results  on  the  Namakagon  River : 

Area  of  watershed  al>ove  lower  dam  site  =648  square  miles = 18,065,203,200  square  feet. 

Aiiunal  rainfall ...-. 25  inches. 

Available  rainfall 0.7  foTot. 

Cabio  feet 
Supply  from  watershed 12,645,642,240 

Capacity  of  reservoirs : 

Veazie's 1,379,393,850 

Month  of  Totogatic  drawn  from  Namakagon 3, 082, 033, 820 

Total  holding  capacity 4,461,427,670 

Leaving  a  suqilus  of 8,184,214,570 

From  reservoirs  full,  for  90  days,  can  be  furnished,  per  day,  49,571,418  cubic  feet; 
[>er  second,  573  cubic  feet. 

The  surplus  on  the  Namakagon  may  l>e  reduced  about  800,000,000  cnbic  feet  by 
.itllizing  tne  holding-grounds  at  Namakagon  Lake. 

I>ani  site  is  located  4  miles  above  the  mouth  of  the  Namakagon  and  1  mile  below 
be  motiih  of  the  Totogatic,  at  the  head  of  a  stretch  of  rapids.  At  this  point,  the  high 
>aiik8  on  either  side  approach  to  within  600  feet  before  breaking  away- into  the  valley 
>f  the  Saint  Croix,  thus  affording  a  very  ^ood  site  for  a  dam.  The  banks  are  com- 
>osed  of  sand  and  gravel.  The  river  bed  is  of  the  same  material,  to  a  depth  of  from 
t  to  i20  feet,  proceeding  from  the  right  to  the  left  banks.  The  substratum  at  this 
lepth  is  a  clay  and  gravel  hard-pan.  Upon  gaining  this  information,  it  was  deemed 
hat  a  40'foot  rise  of  dam  would  not  be  impracticable.  The  river  at  this  point  has  a 
ridth  of  200  feet,  and  the  valley,  at  40-foot  rise,  a  width  of  600  feet. 
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CHARACTER  OP  THE  COUNTRY. 

Tbc  Hoiirce  of  the  Namakagon  is  Lake  Namakagon,  situated  in  the  sontheast  comer 
oi  Bayfield  County,  and  near  the  divide  in  the  watersheds  of  the  Chippewa  River 
and  Lake  Superior,  lliey  consist  of  numerous  lakes,  and  extensive  cedar  and  tamarac 
marshes.  I'Yom  Namakagon  Lakes  to  Veazie's  the  river  is  generally  narrow  and  rapid, 
stretches  of  rapids  over  native  trap-rock  being  frequent.  There  are  also  several  ver- 
tical falls  of  from  2  to  4  feet.  The  banks  are  high  on  either  side^  stretching  away  into 
high  broken  ridges  and  sand  barrens,  covered  with  the  various  kinds  of  pine  ;  hemlocV 
and  birch  being  found  on  the  upper  portions  of  the  river.  lYom  Veazie's  to  the  moutl 
the  river  is  from  100  to  200  feet  wide,  and  in  some  eases  attaining  a  ^^ater  width  in 
passing  over  gravel  bars.  There  are  several  sharp  pitches  and  rapids,  principal  or 
which  are  "  Little  "  and  **  Big  Bull ''  Hapids.  and  "  Uupee  Flats."  The  river  is  navi 
gable  for  small  boats,  such  as  bateaux  and  canoes,  at  a  stage  of  1  foot  above  lov- 
water.    The  slope  of  the  river  is  about  5  feet  per  mile. 

Leaving  Moore*s  Station,  August  2,  a  line  of  levels  was  run  from  near  Autoine  Gordon's 

J  dace  through  to  Eau  Claire  Lakes,  where  a  survey  was  made  and  holdiog-ground 
bund  for  the  surjilus  on  the  Upper  Saint  Croix  not  held  by  dams.  A  dam  sit^  "wi? 
selected  at  the  outlet  of  first  Eau  Claire  Lake  and  above  the  old  sluicing  dam.  A  ri^ 
«)f  12  feet  was  obtained  for  dam  site,  which  has  a  length  of  1^0  feet.  The  banks  coi}- 
sist  of  sand  ;  the  river  bed  beinc  apparently  sand  and  gravel.  The  holding-grourdj' 
conijirise  first  and  second  Eau  Claire  Lakes,  Cranberry  Lake,  and  several  marslitfs. 

Results  on  Upper  Saint  Croix: 
Comprising  that  portion  of  the  watershed  above  dam  site 

below   Lake  Saint  Croix  in  section  35,  town  44  north, 

range  13  west,  290  square  miles 8,084,736,000  square  ftet. 

Annual  rainfall ^25  inch«w 

Available  rainfall 0.7  feet 

Cnbio  ff*et. 

Supply  from  watershed : 5, 659, 315.  i*** 

Capacity  of  reservoirs : 

Lake  Saint  Croix cubic  feet..  4,698,269,600 

Eau  Claire  Lakes do 961,045,400 

Total  capacity  of  reservoirs 5, 659, 315.  "i*' 

leaving  no  surplus. 

From  reservoirs  full,  for  90  days,  can  be  fumislied,  ]}er  day,  62,881,280  cnbio  fiset ;  pc' 
second,  728  cubic  feet. 

Second  Eau  Claire  Lake  has  an  elevation  of  1,122  feet  above  sea-level.  The  lake> 
are  surrounded  by  high  banks.  On  the  irest  they  are  gently  rolling,  while  on  the  eafi 
and  south  the  country  is  high  and  broken,  the  ridges  being  covered  with  pine»  hemUxL 
and  hard  woods.  Frequent  outcroppings  of  the  copper-bearing  rock  of  Lake  Saperi&r 
are  found.  After  completing  this  work,  a  line  of  levels  was  run  through  to  Blackbium « 
Crossing  on  the  Upper  Totogatic,  thence  up  the  river  to  the  sluicing  dam  located  i:: 
section  12,  township  42,  range  10  west,  and  about  fifty  miles  above  the  moath.  A  crew- 
section  was  made  about  fifty  feet  above  the  site  now  occupied  bv  a  dam.  From  thi* 
point  sufficient  examinations  were  made  to  determine  the  holding  capacity  of  tV 
valley  and  marshes  above,  and  that  a  12-foot  dam  will  hold  the  supply  of  the  water- 
shed above  this  point.  Our  line  of  levels  was  continued  through  to  Little  Paekv;^- 
wance,  where  connection  was  made  with  the  line  of  levels  run  from  Yeazie's  to  tiii* 
point  by  Assistant  Davenport  in  the  earlier  part  of  the  work.  The  dam  site  has  » 
length  of  360  feet.  The  banks  are  clay  and  sand.  A  ledge  of  trap-rock  exists  abou 
1  foot  below  the  river  bed,  and  above  this  rock  is  a  deposit  of  loam,  clay,  and  bowld^r^ 
We  are  enabled  to  show  the  following  results  on  the  Totogatic  River : 

Area  of  watershed,  389  square  miles 10, 844, 697, 600  aqnare  fret. 

Annual  rainfall 25  inches. 

Available  rainfall 0.7  ftM. 

Cubic  ftet. 
Supply  from  watershed 7,591,988.3^ 

Capacity  of  reservoirs : 

Upper  Totogatic 1,388, 605,  W 

Oilmore  Lakes 2,881,095,000 

Mouth  of  Totogatic : 
Drawn  from  Totogatic  River 1,541,016,900 

Total  holding  capacity 5,810,717.56*' 

Leaving  a  surplus  of 1, 780, 570. 74<^ 
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From  reservoirs  full,  for  90  days,  can  be  furnished,  per  day,  64,563,478  cubic  feet ; 
p<^r  eecoud,  746  cubic  feet. 

The  source  of  the  Totoffatic  River  is  about  15  miles  above  the  upper  dam  site  and 
between  £au  Claii*e  and  NamaWagon  lakes.  The  country  is  hieh  and  precipitous,  es- 
l^ecially  on  the  north,  toward  the  Totogatic-oance,  the  principal  tributary  of  theToto- 
jmtic  River.  Throuffh  this  region  vast  ranges  of  hilts  and  clififs  extend  for  miles. 
Ledges  of  trap-rock,  loose  trap,  and  bowlders,  are  found  in  profusion. 

Timber  is  of  dense  growth  and  consists  of  white  pine ;  black,  white,  and  yellow 
birch,  hemlock,  hard  maple,  elm,  cedar,  balsam,  beech,  and  other  sj^ecies  of  smaller 
^wth.  There  is  a  tradition  among  the  Indians  of  the  lake  region  that  "Wani- 
Bajoiif"  the  aboriginal  devil,  inhabits  this  wilderness,  which  territory  is  considered  by 
them  as  sacrod  to  him. 

Dam  site, — The  dam  site  is  about  2  miles  above  the  ''Big  Falls''  (a  vertical  fall  of  10 
feetf  over  ledges  of  tra^>-rock).  From  this  point  to  ''Blackburn's,''  10  miles  distant, 
rapids  are  almost  continuous,  the  stream  not  being  navigable  for  boats  of  any  kind. 
A  canoe  voyage  was  made  from  Blackburn's  to  the  mouth  of  Totogatic  for  the  purpose 
of  exploring  that  portion  of  the  river.  The  stage  of  water  was  about  1  foot  above 
low> water,  but  two  low  for  purposes  of  navigation.  Our  progress  over  rapids  which 
were  frequent  was  necessarily  slow  and  frequent  portages  were  necessary.  Rapids 
are  frequent  and  especially  so  from  the  dam  site  near  Gilmore  Lake  to  the  outlet  of 
Driving  Lake.  The  valley  is  narrow,  being  from  200  to  600  feet  wide,  with. low  bot- 
toms, generally  on  one  side,  while  the  river  runs  near  a  high  bank  oppoeit-e.  The 
.stream  is  very* crooked,  doubling  back  and  forth  on  its  downward  course.  Arriving 
at  the  mouth  of  Totogatic  after  two  days'  voyage,  a  survey  was  made  in  this  locality, 
of  which  previous  mention  has  been  made. 

Upon  the  conclusion  of  this  work  a  detached  party,  in  charge  of  Assistant  R.  Daven- 
port, was  sent  down  the  Namakagon  and  Saint  Croix  rivers  with  instructions  to  make 
examinations  of  the  Upper  and  Lower  Tamarac  rivers  for  holding-grounds.  Of  these 
fttreams  Assistant  Davenport  says :  '*  The  Upper  Tamarac  enters  the  Saint  Croix  about 
1  mile  below  the  Wisconsin  State  line.  Tne  stream  is  small  with  a  probable  dis- 
chfu-ge  of  15  cnbic  feet  per  second  at  ordinary  stage  of  water.  The  valley  passed 
through  is  generally  wide  and  low,  abounding  in  poplar  and  hard  wood  bottoms 
an<l  tamarac  marshes.  Tlfs  stream  is  very  crooked,  with  frequent  small  rapids, 
anil  has  a  fall  of  4  feet  or  more  per  mile.  The  only  locality  apparently  suited  for 
a  dam  site  is  on  the  npper  portion  of  the  stream,  where  several  small  creeks  come  to- 
gether, but,  the  area  of  watersheds  is  so  small  as  to  make  it  of  no  practical  value. 
The  Lower  Tamarac  enters  the  Saint  Croix  some  10  miles  below ;  is  tne  larger  of  the 
two  and  has  a  probable  discharge  of  20  cubic  feet  per  second.  The  valley  is  narrow, 
with  high  pine  ridges  on  both  sides.  The  stream  is  very  crooked,  with  frequent  small 
rapids  and  high  banks.  No  suitable  site  for  a  dam  or  holding-ground  is  known  on 
this  stream." 

The  remainder  of  the  party  came  through  to  Yellow  Lake  by  land,  where  examina- 
tion was  made  of  the  low  grounds  in  thei  vicinity  of  Bass  Lake,  to  ascertain  the  amount 
o£  dike,  if  anv,  necessary  to  raise  the  height  of  proposed  dam  at  Yellow  Lake.  It  was 
found  that  about  4,000  feet  of  dike,  with  the  additional  height  of  dam,  would  be  re- 
quired. 

A  line  of  levels  was  run  from  Marshland  to  Clam  Lake,  at  which  point  a  dam-site 
was  chosen  and  survey  made  on  a  basis  of  20  feet  rise  of  dam.  The  holding-grounds 
are  large,  and  by  increasing  the  height  of  dam  to  25  feet,  which  may  be  done  with 
Hafety,  the  supply  of  the  watershed  may  be  held  at  this  point. 

Dam-site. — ^Tne  site  selected  is  one-half  mile  below  the  outlet  of  Clam  Lake,  and  a 
short  disitance  above  Chase's  sluicing^dam.  Length  of  dam,  560  feet ;  height  of  dam, 
*<^  feet. 

The  banks  consist  of  sand,  which  appears  to  be  the  only  material  in  this  immediate 
vicinity.  The  river  bed  is  composed  of  sand  to  a  depth  vai^ng  from  3  to  20  feet,  at 
which  points  soundings  indicate  a  hard  material,  supposed  to  be  clay  and  gravel. 
This,  however,  can  only  be  determined  by  borings  oeing  made  at  this  point. 

RESULTS  ON  CLAM  RIVER. 

Area  of  watershed,  283^  square  miles 7,903,526,400  square  feet. 

Annual  rainfall 26  inches. 

Available  rainfall 0.7  foot. 

Cubic  feet 

Supply  fr«?m  watershed 5,532,468,480 

Uapacity  of  reservoir  at  25  feet  rise  of  dam : 4,670,786,500 

Surplus 861,681,980 
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From  reservoirs  full  for  90  daj's  can  be  furnished,  per  day,  51,897,628 cuWc feet;  per 
second,  602  cubic  foot. 

The  river  above  Clam  Lake  consists  of  the  North  ancl  South  Forks,  each  discharging 
about  the  same  volume  of  water.  At  Clam  Falls,  the  South  Fork  breaks  over  trap- 
rock  ledges.  Upon  reaching  the  foot  of  the  rapids  below  the  falls  the  slope  of  the 
river  is  light,  being  about  2  feet  per  mile.  The  valleys  of  the  streams  are  wide,  with 
bottoms  from  2  to  5  feet  above  low- water,  extending  from  one-fourth  to  one-half  mile 
on  either  side.  Tim1)er  consists  of  hard  and  soft  wood.  A  dense  growth  of  under- 
brush covers  the  bottom  lands.  Below  the  dam-site  the  river  is  very  crooked,  with 
no  rapids,  except  one  stretch  just  above  the  mouth. 

The  surveys  on  Clam  River  completed  our  operations  in  Wisconsin,  except  K)uie  fur- 
ther examinations  on  the  Saint  Croix  in  the  vicinity  of  the  mouth  of  Snake  River. 

At  the  conclusion  of  this  work  we  proceeded  to  Pine  City,  on  Snake  River,  about  14 
miles  above  the  mouth.  Chenwatana  dam  is  locate  on  Snake  River,  two  miles  Wlo« 
Pine  City,  and  just  below  Cross  Lake.  The  dam  is  owned  and  operated  by  Mrs.  Aniu 
Munch,  of  Saint  Paul.  It  is  maintained  whollv  for  sluicing  logs,  and  furnishing  wattr 
sufficient  for  driving  them  over  Snake  River  Kapids  and  into  the  Saint  Croix  River. 
In  case  of  low-water  in  the  Saint  Croix,  water  can  be  furnished  by  this  reservoir  (•' 
drive  the  logs  to  Taylor's  Falls  and  to  the  lake  below. 

This  is  the  most  available  point  on  Snake  River  for  a  reservoir.  The  dam  cou!«i$t' 
of  crib-work  and  stone,  and  has  one  24  foot  gate,  six  14-foot  gates,  and  one  8-foot  ^atc. 
all  of  the  Parker  patent,  and  constructed  for  9|  feet  head.  At  this  head  the  holdio; 
capacity  of  the  reservoir  is,  in  round  numbers,  one  and  seventh-tenth  billions  cul>u 
feet.  By  raising  the  head  to  13  feet,  which  our  examination  proved  feasible,  thr 
capacity  will  be  more  than  doubled,  or  increased  to  three  and  seven-tenths  billioos  cu- 
bic feet.  More  than  13  feet  head  cannot  well  be  carried,  as  it  would  necessitate  th^ 
const puction  of  hmg  dikes  to  protect  the  city  from  a  partial  overflow,  and  the  orer- 
flow  of  valuable  improved  farming  lands.  Thirteen  feet  head  will  flow  up  the  river 
to  Brunswick,  a  distance  of  24  miles,  thereby  flowing  (mt  Millett*s  Rapids — a  short  dis- 
tance below  Brunswick — which  have  a  fall  of  3|  feet  in  1^  miles. 

Examinations  were  continued  up  Snake  to  Ann  and  Knife  rivers ;  small  amounts  o! 
water  may  be  held  on  these  strefims  at  sites  which  are  now  occupied  by  sluicing-dam^ 
The  amount  held  by  these  dams  would  probably  not  excded  600,000,000  cubic  feet,  a^ 
the  holding-grounds  are  small  in  every  case. 

The  streams  are  narrow  and  rapid;  the  valleys  admit  of  no  holding-groundn,  whii' 
the  lakes  are  small,  with  low  banks.  Native  trap-rock  abounds  in  the  l>ed  of  tbt 
streams.  Examination  of  Ground-House  River  was  also  made.  This  is  the  large^' 
tributary'  of  Snake  River,  and  enters  1  mile  below  Brunswick  and  just  above  Millett'« 
Rapids.  By  putting  in  a  20-foot  dam  just  below  the  forks  of  Ground-House  in  aectic: 
7,  township'  38  north,  range  24  west,  there  can  be  held  upward  of  1,000,000,000  cobv 
feet.     Aside  from  this  reservoir  no  holding-grounds  of  consequence  were  fomid. 

RESULTS   ON  SNAKE  RIVER. 

« 

Area  of  watershed  above  Cheug^vatana,  982  square  miles .  .27, 376, 588, 800  square  fett 

Annual  rainfall 25  inches 

Available  rainfall 0.7  foot. 

Cubic  (eti. 

Supply  from  wat^rahed 19, 163, 612,  I6i) 

Capacity  of  reservoirs : 

Ground-House 1,045,440,000 

Chengwatana 3,703,238,000 

Total  holding  capacity 4.748,67^.'* 

Surplus 14.414,934.1«>' 

From  reservoirs  full  for  90  days  can  be  furnished,  per  day,  52,763,088  cubic  feet ;  i*f 
second,  610  cubic  feet. 

Both  sites  are  now  occupied  by  dams.  The  probable  cost  of  repairs  and  raising  tbi 
head  of  the  dam  on  Ground-House  will  be  about  $8,500. 

The  head  of  Chengwatana  dam  might  be  raised  to  13  feet,  at  a  cost  of  $15,000.  Frrac 
Chengwatana  to  the  mouth  of  Snake  there  is  an  average  fall  of  11  feet  per  mile  over 
nearly  continuous  rapids  of  trap-rock,  ledges,  and  bowlders. 

Examinations  were  made  on  Kettle  River  and  tributaries,  with  little  hopes  of  flndiiu; 
holding-grounds  for  reservoir.  There  are  small  holding-gn:t>und8  on  Moose,  Willow, 
and  Pine  rivers,  but  in  each  case  too  small,  or  situated  too  near  the  source  of  the  stream, 
to  be  of  value. 

We  found  no  holding-grounds  on  Kettle  River.  The  river  has  an  average  fall  of  <» 
to  8  feet  per  mile,  over  sharp  pitches  and  long  stretches  of  ra]iids.    The  banks  arr 
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high  .ind  precipitous  ami  the  valley  narrow,  a4linitting  of  no  holdinff-gronndB  in  itself. 
The  rid^e.s  on  either  side  are  high  and  well  supplied  with  pine  and  hard- wood  timber. 
Kxainination  of  the  .Saint  Croix  Valley  was  ma<le  below  the  mouth  of  Snake  and  Ket- 
tle rivers  for  the  purpose  of  obtaining  holdin|^-ground8  for  a  portion  of  the  large  sur- 
plus on  those  streams.  This  was  found  to  be  impracticable,  the  valley  being  compara- 
tively narrow,  with  bottoms  rising  rapidly  to  bluffs  on  either  side.  The  slope  of  the 
river  is  very  large,  especially  a])ove  the  mouth  of  Snake.  At  the  head  of  Kettle  River 
Rapids  on  the  Saint  Croix,  2^  miles  above  the  mouth  of  Kettle  River,  a  cross-section 
for  dam-site  was  made.  Length,  2,500  feet ;  height  of  rise,  25  feet.  The  banks  at  this 
point  consist  of  clay  and  sancF,  with  trap-rock  l^ge  for  foundation.  The  slope  of  the 
river  above  the  dam-site  is  about  2^  feet  per  mile. 

This  enables  us  to  show  the  following  n^sults  on  the  Saint  Croix  River  above  the 
diim-site  at  tlu^  head  of  Kettle  River  Kapids  (called,  in  Table  No.  1,  Lower  Saint 
Croix) : 

Area  of  watershed,  2,962  s<iuare  miles • 82, 575, 820, 800  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall '.     0.7  foot. 

Cable  feet. 

Supply  from  watersluMl .57,803,074,5^)0 

Capaoitv  of  reservoirs : 

Upper  Lake  Saint  Croix 4,698,269,800 

Eau  Claire  Lakes 961,045,400 

rpper  Totogatic 1,388,605,680 

Lower  Totogatic 1,541,016,900 

Gilmore  Lakes ; 2,881,095,000 

Veazie\s  (Namakagon) 1,379,393,850 

Lower  (Nami\kagon) 3,082,033,820 

Mud  Lake 396,377,420 

Rice  Lake 2,474,944,500 

Yellow  Lake 3,402,712,000 

Clam  Lake 4,670,786,500 

Head  of  Kettle  River  Rapids 2,709,500,000 

Total  holding  capacity 29,585,780,870 

Surplus 28,217,293,690 

We  can  then  show  the  following  ivsnlts  on  the  Saint  Croix  River  as  far  as  examina- 
tions have  b<^n  made: 

Watershed  of  the  Saint  Croix  River  above  the  mouth  of 

Snake  River,  5.pi2  square  miles  = 139, 726, 540, 800  square  feet. 

Annn«a1  rainfall 25  inches. 

Available  rainfall 0.7  fodt. 

4  Cubic  feet. 

Supply  from  watershed 97,808,578,560 

Capacity  of  reservoirs : 
Dam-site  at  the  head  of  Kettle  River  Rapids,  and  above 

that  point 29,585,780,870 

From  Snake  River 4,748,678,000 

Total  holding  capacity 34,334,458,870 

Leaving  a  surplus  of 63,474,119,690 

From  reservoirs  full  for  90  days  can  be  furnished,  per  day,  381,493,987  cubic  feet ; 
per  second,  4,415  cubic  feet. 

From  suri>lus  for  270  days  can  l>e  fiimished,  per  day,  230,814,617  cubic  feet ;  per 
second  2,671  cubic  feet. 

Tlii«  comprises  all  of  the  Saint  Croix  River  watershed  above  the  mouth  of  Snake 
River.  From  this  showing  we  hold  only  35  per  cent,  of  the  supply  from  one-third  of 
the  annual  rainfall  taken  at  25  inches,  thus  leaving  only  65  per  cent,  of  the  supply  as 
available  throughout  the  remainder  of  the  year. 

Api>ended  hereto  is  a  tabulated  statement  of  the  discharge  of  the  different  streams 
taken  at  dam-sites  and  other  points,  with  stage  of  water  when  taken  as  near  as  could 
be  <letermined  from  information  at  hand. 

A  liHt  of  existing  sluicing-dams  is  also  attached,  showing  such  information  as  we 
were  able  to  gain  in  regard  to  age,  cost,  capacity,  and  effect  on  the  river  below. 

We  8how,  also,  a  list  of  elevations  at  different  points  on  the  Saint  Croix  and  triba- 
taries,  with  slope  per  mile  between  points,  and  on  the  whole  length  of  river  examined. 
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Those  elevations  marked  approximate  were'  arrived  at,  as  near  aH  possible,  from  other 
level  lines,  slopes,  and  such  other  information  as  we  were  able  to  obtain.  They  vn 
pnt  in  to  assist  in  giving  a  general  idea  of  the  country  gone  over. 

We  also  give  tables  showing  the  watershed  above  each  dam  in  square  miles  and 
square  feet,  supply  by  each  one-third  and  one-fourth  the  rainfall  capacity  of  rewncin, 
and  amounts  mmished  per  day  and  second  for  a  period  of  ninety  days. 

TABLE  v.— (SUMMARY.) 

Sri-  iiiile«.  Square  feet 

Watershed  of  Saint  Croix  above  the  head  of  Kettle  River 

Rapids 2,962  82, 575, 820,  K^ 

Watershed  of  Snake  above  Chengwatana 982  27, 376, 58?.  ?0' 

<  ■ — 

Total  watershed  tributary  to  reservoirs 3, 944  109, 952, 409,  ft*' 

Cubic  f«rt 

Supply  by  one-third  rainfall =0.7  foot 76,966, (i86,> 

Capacity  of  propoHcd  reservoirs 34, 3:)4, 45e, -> 


Surplus 42,6;i2,2Jr7,-'o»' 

Sci.  miles.  Squart  &f> 

To  which  add  watcrshf  d  of  Snake  below  Chengwatana  and 

the  Saint  Croix  from  mouth  of  Snake  to  dam  above 35  975, 744.(0 

Watershed  of  Kettle  River 1,0^3  28,798,:ft?T,* 


Total  watershed  above  mouth  of  Suake  not  tributarv 
to  reser\'oirs 1,068        29,774,131,* 

CiiMc  fwt. 

Supply  by  one-third  raiufall= 0.7  foot 20,841,891,84* 

Add  former  surplus 42,632,2273 

Total  surplus  at  mouth  of  Snake 63,474, 119,  «• 

From  reservoirs,  full,  can  be  furnished  for  90  days,  per  day,  381,493,985  cubic  f<Kt 
per  second,  4,415  cubic  feet. 

This  comprises  all  the  watershed  of  the  Saint  Croix  River  and  tributaries  aboTetl 
mouth  of  Snake  Kiver. 

TABLE  VI. 

Sq.  miles.  Square*  ftvt. 

Watershed  of  the  Saiut  Croix  above  head  of  Kettle  River 

Rapids 2,962        82,575,??20— 

Watershed  of  Snake  above  Chengwatana 982        27, 376, 55i^,  ^'* 

Total  watershed  tributary  to  reservoirs 3,944      109,952,4C!t».ft^' 

Cubic  feet. 

Supply  by  one-fourth  rainfall=0.52  foot 57, 175, 251 K'^: 

Capacity  of  proposed  reservoirs 30,347,86(*.«^' 

Surplus 26,827,392,414 

Sq.  miles.  Square  fc«t. 

To  which  add-watershed  of  Snake  below  Chengwatana  and 

the  Saiut  Croix  from  mouth  of  Snake  to  dam  above 35  975, 744,  Oi*' 

Watershed  of  Kettle  River 1,0.33        28,798,3e7,2i» 

Total  watershed  above  mouth  of  Snake  not  tributarv 
to  reservoii-s \  1,068        29,774,131,:?*' 

Cubic  fi^t 

Supply  by  one-fourth  rainfall  =0.52  foot 15, 482, 54^, -< 

Add  former  surplus 26.827.392,414 

Total  surplus  at  mouth  of  Snake 42,:»y,940.tw> 

From  reservoirs,  full,  can  be  furnished  for  90  days,  per  day,  337,196,448  cubic  feft; 
per  second,  3,901  cubic  feet. 

This  comprises  all  the  watershed  of  the  Saint  Croix  River  and  tributaries  abuvt*  tU 
mouth  of  Snake  River. 
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TABUS  VII. 


Exidiing  slmclnfi  dams  on  the  Saint  Croix  River  and  trihuiaHes. 


Dam  At  Kaiuakagou 
Lake. 
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^0       1,  aOO,  000,  000 
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20  180  ,  $1,  800 


O!      30       1,250.000,000 ,    1,180 


Saint  Croix  Daui ...    10  ,    100 


2i         450 


I'lam  Lake  Dam  . .. 


Mud  Lake  Dam. 


Hector  Dam 

Hioe  Lake  Dam . . .  .• 


Yellow  Lake  Dam . 

FirMt    Eau    Claire 

Dam. 
Third    Ean  Claire 

Dam. 
Piickwawance  Dam 
Knife  Kiver  Dam  ..> 

Ann  Kiver  Dam,  1  . 
Ann  Kiver  Dam,  2  .  i 
Orouud  Honae  Dam ! 

I 

Upper  Snake  River , 

bad.  I 

Mud  Creek  Dam . . . 

Cheng'watana  Dam . ; 
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36    700,000,000 1  1,230 

30     475,000.000  7  to  10 800 
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Generally  fills  to  6  feet 
head  in  eleven  monthn. 
I  Filled  to  9  fleet  head 
onoe  In  nine  years. 

Kept  in  cood  repair  and 
mieht  be  atilued  for 
holding;  its  capacity. 
Only  one  of  consequence 
on  this  stream. 

This  discharge  raises 
Mrater  1  foot  on  Kettle 
River  Rapids  50  miles 
'    l>elow. 

Dam  'in  good  condition: 
head  cannot  be  raised 
except  at  great  expense. 
'  With  slight  repairs  can 
be  utiliEed  to  hold  its 
capacity. 

Holding  grounds  small. 

Built  in  1878.  The  he4id 
might  be  raised  to  15 
feet. 

In  poor  condition;  needs 
reimilding. 

Of  no  account  until  re- 
built. 

In  good  condition. 

Holding  gi*onnds  small. 
,  Raises   Snake  River  15 
inches. 
Holding  grounds  nmall. 

Do. 
RaiseH  Snake  River  one- 
half  foot. 
Holding  groxindn  small. 

Supply     small ;     raises 
Snake  River  3  inches. 
'  Raises  Saint  Croix  River 
1.8  feet  at  Taylor's  Falls. 


The  nluicing  dams  in  Wisconsin  are  operated  under  charters  granted  by  the  State  to 
private  parties  or  corporations,  generally  for  a  term  of  fifteen  years. 

In  Minnesota,  dams  for  slnicing  logs,  timl)er,  or  lumber,  are  constructed  ar.d  oper- 
ated under  n  general  license  law  passed  by  the  Stat«  in  1861,  which  authorizes  the 
county  commissioners  of  the  counties  wherein  dams  are  to  be  located  to  grant  license, 
providing  such  dam  is  necessary  at  the  point  applied  for,  and  that  the  land  is  in  the 
possession  of  the  parties  applying  therefor.  Licenses  may  be  granted  for  a  period  not 
exceeding  six  years,  and  renewed  upon  application.  Bonds  of  not  less  than  11,000 
required.  Toll  on  logs,  lumber,  or  timber,  not  to  exceed  6  cents  per  1,000  feet  board- 
measure,  except  in  the  case  of  the  Snake  River  Dam  (Chengwatana),  which  is  allowed 
toll  not  exceeding  10  cents  per  1,000 feet  board-measure.  Cnengwatana  Dam  was  orig- 
inally built  and  operated  under  a  charter  granted  firom  the  Territorial  government. 

The  cosi^of  dams  as  submitted  in  Table  I,  does  not  include  cost  of  damage  to  prop- 
erty or  the  rights  and  franchises  of  private  parties  or  corporations  owning  sluicing 
dams  at  or  near  the  pointe  where  our  selections  of  dam-sites  were  made.  In  regard  to 
the  latter  I  think  it  would  be  a  matter  of  small  consequence,  provMing  those  parties 
were  furnished  with  water  for  driving  purposes  to  suit  their  convenience.  In  the  case 
of  the  dam  at  Chengwatana,  owned  by  Mrs.  Anna  Munch,  of  Saint  Paul,  a  new  dam 
at  this  point  built  of  earth  and  stone  would  cost  about  $30,000 ;  whereas  the  present 
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dani^  with  repairs  sufiicieut  to  raise  the  head  to  13  feet,  might  be  secured  at  a  pioba> 
ble  co8t  of  $15,000,  by  giving  the  proprietors  the  same  riffhts  for  sluicing  logs  and 
using  water  which  they  now  have.  This  is  a  new  dam  and  would  answer  every  pur- 
pose at  this  point  for  teu  years  or  more  with  the  usual  repairs  which  timber  struc- 
tures require.  In  Htibroitting  the  cost  of  a  dam  at  this  point,  however,  I  estimate 
$30,000 ;  this  being  a  safe  estimate  in  either  case.  lu  regard  to  damage  to  property  by 
overflow,  at  this  time  we  are  not  provided  with  snflicient  infoimation  to  give  an  in- 
telligent estimate. 

In  assuming  one-fourth  of  the  annual  r<iinfall  as  available,  dams  at  Eau  Claire  and 
Mud  lakes  will  not  be  require<l,  and  the  cost  of  dams  on  Upper  Saint  Croix,  Rice,  and 
Clam  lakes  will  be  materially  reduced. 

The  list  of  existing  sluicingd  anis  dues  not  comprise  all  existing  dams  on  the  Saint 
Croix  watershed,  but  those  which  were  found  as  far  as  examinations  were  extende*l 
or  likely  to  be  or  use  in  a  system  of  reservoirs. 

Thanks  are  due  Mr.  Charles  Bean,  of  Hersey,  Bean  &  Brown,  Stillwater,  for  valu- 
able information  ;  also  to  Messrs.  Munch  Brothers,  of  Saint  P2|ul,  for  like  favora.     To 
Assistants  R.  Davenport  and  G.  W.  Carrington,  much  credit  is  due  for  faithful  and 
intelligent  co-operation  in  the  early  accomplishment  of  the  work. 
Very  respectfully,  your  obedient  servant, 

Vine  D.  Simar. 
AnHstant  Engineer. 

Maj.  Charlks  J.  Allen, 

CnpUiin^  Corps  of  Knginetrn^  V.  S,  A, 
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Chippewa  River. 

kerort  of  mr.  archibald  johnson,  assistant  kngineer. 

Engineer  Office,  United  States  Armt, 

Saint  Paul,  December  24,  ld79. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  surveys  made  by  me, 
under  your  direction,  on  the  sources  of  the  Chippewa  River,  for  the  purpose  of  est}- 
mating  the  capacity  of  reservoirs  and  the  cost  of  creating  and  maintaining  the  same. 

Pursuant  to  yonr  instrnctions,  I  proceeded  on  the  9th  of  June  to  Chippewa  Cross- 
ing, on  the  line  of  the  Wisconsin  Central  Railroad,  and  arrived  there  on  the  lltb. 
This  was  made  the  initial  point  of  the  survey. 

The  first  work  to  be  done  was  to  select  a  point  on  the  grade  at  the  south  end  of  thf 
railroad  bridge,  which  was  afterwards  ascertained  to  be  9§0.5  feet  above  Lake  Sanerior. 
or  l,522.r)  feet  above  the  sea-level,  and  from  there  run  to  Bear  Lake  two  set-s  of  leveK 
taking  elevations  of  the  water  in  the  river  at  the  head  and  foot  of  rapids  whenever  i: 
was  practicable  to  reach  the  river. 

Besides  this,  a  reconnoissance  was  made  of  the  river.  We  started  down  the  river 
on  June  13.  The  river  from  Chippewa  Crossing  to  the  bend  in  section  34,  towuahip  -IS 
north,  range  2  west^  consists  of  a  series  of  small  rapids,  the  fall  varying  from  1  to  3 
feet.  At  the  bend  there  is  about  1  mile  of  sluggish  water,  but  from  there  to  the  we^t 
side  of  section  20,  township  42  north,  range  2  west,  it  is  again  a  series  of  rapids  from 
500  to  600  feet  long,  the  fall  being  usually  from  2  to  6  feet.  From  that  point  to  the 
foot  of  Pelican  Lake  the  fall  is  only  1.8  feet.  At  this  locality  a  reservoir  containing, 
perhaps,  500,000,000  cubic  feet  might  be  created ;  but  as  there  were  a  sufficient  num- 
ber of  other  reservoirs  ahead,  of  greater  importance,  to  take  up  our  time  for  the  sea- 
son, no  survey  was  made. 

J*  rom  the  foot  of  Pelican  Lake  to  Bear  Lake  the  river  is  again  a  series  of  rapids 
between  which  are  stretches  of  swift  water  varying  from  1,000  to  4,000  feet  in  length. 
The  river  is  from  50  to  125  feet  wide,  with  banks  from  5  to  20  feet  high,  while  thf 
ground  rises  back  from  the  river  20  or  30  feet  in  one-half  mile. 

The  drift  from  Chippewa  Crossing  to  the  existing  dam  below  Bear  Lake  consists 
of  a  fine  sand^  loam  somewhat  impervious  to  water,  and  clay  of  a  light  reddiah  color. 
in  which  are  invariably  found  numerous  bowlders  from  6  inches  to  5  feet  u^  diameter. 

The  swamps  are  usually  peat,  covered  with  a  growth  of  tamarac,  spruce,  and  cedar. 
The  timber,  taken  in  the  order  in  which  it  predominates,  consista  of  hemlock,  whit4> 
pine,  tamarac,  spruce,  birch,  balsam,  maple,  &c.  At  the  east  end  of  Bear  La^e,  and 
extending  along  on  the  .north  side  of  the  river,  is  a  windfall  which  occurred  in  IS^. 

The  elevation  of  low- water  at  Chippewa  Crossing  is  1,509.3  feet  above  the  sea-level, 
the  datum  to  which  all  elevations  alluded  to  in  this  report  are  referred. 
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The  elevation  of  low-water  at  Bear  Lake  and  above  the  existing  dam  is  1,432.9  feet, 
making  a  fall  of  76.4  feet  from  Chippewa  Crossing  to  this  point. 

On  June  19  we  reached  Bear  Lake,  which  was  the  first  reservoir  8urv€\ved.  The 
elevation  of  low-water  at  the  proposed' dam-8it«  is  about  1,430  feet. 

The  reservoir  has  a  watershed  of  244.5  square  miles,  or  6,816,268,800  square  feet. 

The  supply  from  one-third  the  rainfall,  which  for  this  region  is  assumed  at  30  inches 
I>er  annum,  is  5,677,951,910  cubic  feet.  The  superficial  area  of  the  reservoir  is  117,631,476 
square  feet,  cmial  to  4.2  square  miles  nearly,  and  its  capacity  is  l,113,148,85is  cubic 
fwt.  Hence  there  will  be  a  snrplus  of  4,564)803,054  cubic  feet.  Its  capacity  will  give 
for  90  days  143.15  cubic  feet  per  second.     (See  Table  I.) 

If  one-fourth  the  rainfall  is  assumed  as  available,  the  supplv  will  be  4,260,168,000 
cubic  feot,  and  the  surplus  3,147,019,144  cubic  feet,  which  will  pass  down  to  Little 
Chief  Lake.     (See  Tabl«  II. ) 

The  length  of  the  dam  will  be  1015  feet,  and  its  maximum  height  19.5  feet  above 
low- water.  It  requires  a  dike  200  feet  long,  with  a  maximum  height  of  6.5  feet.  The 
ground  at  the  dam-site  consists  of  clay  of  a  light  reddish  color,  mixed  with  gravel  and 
bowlders ;  there  are,  also^  gravel  and  bowlders  in  the  bed  of  the  river :  and  from  in- 
dications below  the  existing  dam,  the  clay  must  extend  to  a  considerable  depth  below 
the  bed  of  the  river.  The  only  way,  however,  in  which  this  fact  can  be  determined  is 
by  excavations.     I  do  not  consider  it  possible  to  make  borings  at  this  locality. 

The  water  in  the  reservoir  will  be  confined  principally  to  the  lake  itself,  and  to  adja- 
cent swamps,  which  are  peat,  and  on  which  is  a  dense  growth  of  tamarac,  si^ruce,  and 
wliite  cedar,  varying  from  2  to  6  inches  in  diameter.  Where  hard  ground  is  flooded, 
the  ground,  as  already  described,  consists  of  sandy  loam  and  clay.  These  two  classes 
of  soils  are  sometimes  found  in  strata,  sometimes  in  distinct  masses,  and  sometimes 
running  into  another  without  any  regularity,  the  clay  as  a  rule,  however,  largely 
predommating.  The  pine  within  the  limits  of  the  reservoir,  as  well  as  for  a  consider- 
able distance  oeyond,  nas  been  cut  over  once  or  twice  and  there  is  not  much  left  that 
will  be  damaged  by  wat«r. 

At  the  proposed  dam-site  there  is  plenty  of  materials  for  the  construction  of  a  wooden 
dam. 

DKSCKIPTIOX   OF  THE   EXISTING  DAM   HELOW  BEAR  LAKE. 

This  dam  was  ronstnicted  in  August  and  September,  1877,  by  the  Chippewa  River 
Improvement  Company,  at  a  cost  of  |5,S00.  It  is  what  is  termed  a  flooding  dam,  and 
the  object  of  it  is,  as  well  as  of  all  others  of  its  class,  to  store  up  water,  and  create  what 
is  t«*rnied  a  driving  stage  for  log^s  by  suddenly  raising  the  gates.  Its  capacity  is  about 
300,000,000  cubic  feet,  and  requires  about  a  month  to  fill  during  the  low-water  season. 
It  has  a  water-way  of  42  feet,  and  is  built  for  a  10-foot  head.  There  are  four  sliding 
gates,  two  of  them  7  feet  by  10  feet,  and  two  8  feet  by  10  feet.  There  is  also  a  sluice- 
way controlled  by  stop  plank,  12  feet  by  10  feet.  The  gat«s  are  raised  by  means  of 
iron  levers  applied  to  cast-iron  racks  on  the  rear  and  lower  sides  of  the  gates.  The 
planks  are  raised  by  means  of  a  wooden  windlass  directly  over  the  plank.  The  entire 
length  of  the  dam  is  574  feet.  In  looking  at  the  dam  from  the  south  end  there  is, 
first,  the  left  wing,  150  feet  long;  then  a  pier  36  feet  long,  8  feet  wide,  and  12  feet 
high  ;  then  a  sluice-way  7  feet  wide  and  10  feet  deep  ;  next  a  plank  partition  1.5  feet 
wide  ;  again  a  sluice-way  8  feet  wide  and  10  feet  deep ;  next  a  pier  with  an  ice-breaker 
36  feet  long,  7  feet  wide,  and  12  feet  high  ;  then  a  sinioe-way  12  feet  wide  by  10  feet 
deep  ;  again  a  pier  :)6  feet  long,  7  feet  wide,  and  12  feet  high ;  next  a  sluice-way  8  feet 
wifle  ana  10  feet  deep ;  then  another  partition  1.5  feet  wide ;  next  a  sluice-way  7  feet 
wide  and  10  feet  deep;  and  again  a  pier  36  feet  long,  7  feet  wide,  and  10  feet  deep; 
lastly,  the  right  wing,  350  feet  long.  These  piers  are  said  to  rest  on  a  foundation  of 
clay,  gravel,  and  brush,  and  are  built  of  square  timber  and  filled  with  rock.  For  the 
wings  a  cob  work  of  long  and  heavy  round  logs  is  built  up,  the  front  of  which  is  ver- 
tical,  while  the  rear  or  upstream  part  has  a  slope  of  about  1}  feet  horizontal  to  1  foot 
vertical  to  receive  the  covering,  which  is  also  of  round  logs  from  12  to  14  inches  in 
diameter.  The  foot  of  this  covering  simply  rests  on  the  ground,  and  is  protected  by  a 
backing  of  clay,  gravel,  and  brush.  There  is  no  covering  in  front  of  the  wings,  as  the 
water  is  never  allowed  to  flow  over  the  dam. 

Wlienever  the  water  rises  to  the  top  of  the  dam  a  gate  is  raised.  Below  the  piers 
tiiere  is  an  apron  50  feet  long ;  and  in  line  with  the  main  piers  there  are  low  piers  on 
this  apron  about  3  feet  high,  and  filled  with  rock.  These  are  put  in  so  that  when  all 
the  gates  are  not  open  the  water  will  not  spread  out  on  the  apron.  There  is  a  great 
deal  of  leakage  at  this  dam,  and  it  would  seem  as  if  it  would  not  last  very  long. 

The  sur>'ey  of  Bear  Lake  was  finished  on  July  12. 

Levels  were  next  run  to  Little  Chief  Lake,  which  was  the  next  reservoir  surveyed. 
Levels  were  taken  at  the  head  and  foot  of  the  principal  rapids.  From  Bear  Lake  to 
Little  Chief  Lake  the  river  is  very  treacherous,  and  unsafe  for  canoes  or  bateaux, 
when  it  is  above  an  ordinary-  stage,  on  account  of  rocks  and  sharp  bends  in  the  river. 
The  worst  of  thene  are  CedaV  Rapids  and  Snaptail  Rapids.    Cedar  Rapids  are  about  3 
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miles  long,  commencing  about  2  miles  below  the  proposed  dam-site  at  Bear  Lakeland 
ending  at  the  southwest  corner  of  section  10,  towBship  40  north,  range  4  west,  the 
fall  beinc  abont  54  feet.  From  Blaisdell's  Lake  (see  general  map)  to  the  head  of 
Snaptail  Kapids  the  river  has  a  gentle  current.  Snaptail  Rapids  are  about  l\  mile« 
long,  and  end  at  Hunter's  Lake,  having  a  fall  of  45  feet  in  that  distance. 

At  BlaisdelVs  Lake  a  small  reservoir  might  be  created  holding  about  :2aO,OuO,(NM 
cubic  feet  of  water,  but  having  considered  it  too  small  it  was  not  surveyed. 

The  counti^  along  the  river  from  Bear  Lake  to  Little  Chief  Lake  is  timbered  with 
hemlock,  white  pine,  tamarac,  spruce,  cedar,  birch,  balsam,  &c.  On  the  soath  side 
of  Hunter^s  Lake  there  is  an  old  windfall  which  occurred  in  1^72,  stretebiug  to  the 
southwest,  and  northeast  to  Lake  Superior. 

The  banks  of  the  river  from  Bear  Lake  to-  the  foot  of  Little  Chief  Lake  vary  ftou 
4  to  50  feet  high. 

The  ground  along  Hunter's  Lake  and  Little  Chief  Lake,  sometimes  known  as  Barker's 
Lake,  is  from  35  to  60  feet  high.  The  drift  consists  of  sandy  loam  and  a  light  red- 
dish clay  mixed  with  bowlders.  It  is  what  is  termed  a  rocky  soil.  The  swamps  are 
peat  and  are  covered  with  a  dense  growth  of  tamarac,  spruce,  and  cedar. 

Little  Chief  Lake  reservoir  has  a  watershed  of  57.6  square  miles,  equal  to  l,605,795,Mv 
square  feet.  The  superficial  area  is  46,781,532  fM]uare  feet,  equal  to  1.6  square  milei 
nearly.  Its  capacity  is  771,332,009  cubic  feet.  The  available  supply  from  one- third 
the  rainfiall  is  1,337,627,935  cubic  feet.  Hence  the  surplus  from  its  own  watershed  i> 
566,295,926  cubic  feet.  Adding  to  this  the  surplus  from  the  Bear  Lake  reservoir,  tor 
one-third  the  rainfall,  we  have  a  total  surplus  of  5, 1 31 ,098,980  cubic  feet.  (  8ee  Table  1. 
.  Assuming  one-fourth  the  rainfall  as  available,  there  is  a  surplus  of  232,290,391  cnhu 
feet.  Adding  to  this  the  surplus  from  the  Bear  Lake  reservoir  for  one-fourth  the 
rainfall  and  there  is  a  total  surplus  of  3,379,309,535  cubic  feet.  (See  Table  II.)  Tb^ 
resentiir  will  give  a  supply  for  90  days  of  99.19  cubic  feet  rer  second. 

The  proposed  dam-site  is  located  at  the  head  of  a  series  of  rapids  which  extend  dovit 
to  the  confluence  of  this  branch  with  the  West  Fork. 

The  banks  at  the  dam-site  consist  of  sandy  loam,  cls>',  and  bowlders.  On  the  M 
of  the  river  and  on  the  low  ground  there  is  a  thick  layer  of  bowlders,  below  whicb 
there  is  evidently  the  usual  clay  or  perhaps  rock. 

The  total  length  of  the  dam  is  710  feet,  and  its  maximum  height  above  low -water 
24  feet.  The  pine  within  the  limits  of  this  reservoir  has  been  mostly  cut,  but  there  i< 
an  abundance  left  for  all  purposes  of  construction,  and  rock  for  pier  filling  is  (|ait* 
convenient. 

The  water  in  this  reservoir  will  l»e  confined  chiefly  to  the  lakes  and  adjacent  swamps 
The  elevation  of  low- water  at  the  dam-site  is  1,323.4  feet ;  hence  the  total  fall  fr^u 
Chippewa  Crossing  to  that  point  is  185.9  feet. 

Tne  survey  of  Little  Chief  Lake  reservoir  was  completed  August  1.  Levels  wen- 
next  run  across  from  Little  Chief  Lake  to  the  proposed  dam-site  on  the  West  Fork  of 
the  Chippewa  River.  The  elevation  at  that  point  is  1,285  feet.  The  fall  from  LittI*' 
Chief  Lake  to  the  confluence  of  the  East  and  West  Forks  is  about  43  feet  in  a  di^tanc^ 
of  2f  miles.  The  river  between  those  points  is  a  series  of  rapids,  and  the  bed  of  the 
river  is  literall^y  paved  with  bowlders.  The  banks  are  from  10  to  20  feet  high,  ao'l 
the  drift  a  reddish  clay.  Between  the  junction  of  the  East  and  West  Forks  to  tb* 
proposed  dam-site  at  Pa-kwa-wang  there  is  a  swift  current.  There  are  several  gnivr. 
bars,  but  no  rapids. 

We  reached  Pa-kwa-wan^  on  August  2. 

The  Pa-kwa-wangreservoir  has  a  watershed  of  257.2  square  miles,  equal  to  7,170,324,4?' 
square  feet.  The  supply  from  one-third  the  rainfall  is  5,972,880,292  cubic  feet.  It* 
capacity  is  7,692.997,229* cubic  feet.  The  deficiency  is  received  from  the  watershed 
to  the  Moose  Lake  reservoir,  which  is  above  this  on  the  West  Fork  and  has  a  larst- 
surplus.     (See  Table  I.) 

Its  surface  area  is  580,.578,192  8([uare  feet,  equal  to  20.8  square  miles  nearly.  Th'* 
surplus  from  one-third  the  rainfall  received  from  the  Moose  Lake  reserv'oir,  and  pas^ 
ing  through  this,  is  1,2:^,725,814  cubic  feet.  (See  Table  I.)  This  reservoir  will  fa^li^l•.. 
for  90  days,  989.33  cubic  feet  per  second. 

From  one-fourth  the  rainfall,  after  filling  the  Moose  Lake  reservoir,  there  will  be  a 
deficiency  of  1,499,364,631  cubic  feet.  This  deficiency  may  be  received  from  the  Ea>t 
Fork  and  still  leave  a  surplus  passing  the  dam  at  LiVtle  Chief  Lake  of  1,879.944.^4 
cubic  feet.  This  will  require  a  25-fcM)t  dam  at  Little  Chief  Lake.  The  water  will  pass 
across  from  the  southwest  bay  of  the  lake.  (See  A  on  general  map.)  Tlie  discharjre. 
without  making  up  the  deficiencv,  will  be,  for  90  davs,  796.5  cubic  feet  i>er  second. 
(See  Table  IL) 

The  water  in  this  reservoir  will  be  confined  i)rincipally  to  the  river,  swanim.  and 
marshes.  A  few  points  of  hard  land  will,  however,  be  flooded,  the  soil  of  which  con- 
sists of  sand,  sandy  loam,  and  clay. 

The  timber  on  the  hard  ground  on  the  east  side  of  the  West  Fork,  and  on  the  west 
side  of  the  river  for  a  mile  above  tbe  proposed  dam-site,  and  again  commencing  about 
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a  mile  above  the  mouth  of  Little  Chief  River,  consists  of  hemlock)  white  pine,  tama- 
raC)  spruce,  birch,  balsam,  &c.  With  this  exception,  the  timber  on  the  hard  ground 
within  the  limits  of  this  reservoir,  and  for  several  miles  to  the  north  and  south  of  Lit- 
tle Chief  River,  consints  of  scattering  Norway  and  white  pine,  usually  damaged  by  fire. 
There  are  also  numerous  patches  of  poplar  brush  which  has  spmnff  up  after  fires.  The 
ground  to  the  north  and  south  of  Little  Chief  River  is  high  and  broken,  rising  some- 
times 50  or  75  feet  above  the -marshes  bordering  on  the  river. 

The  water  in  Little  Chief  River,  in  its  tributaries  and  sun^ounding  lakes,  is  clear 
Bpriug-water,  and  is  derived  from  the  high  ground  surrounding,  which  is  nsnally  sand 
and  sandy  loam.  In  sections  14,  15,  21,  22,  2:^,  township  40,  range  7.  there  is  a  float- 
ing boff,  which  rises  and  falls  with  the  river,  which  has  scarcely  any  timber.  (Bee 
general  map. ) 

On  the  swami)s  there  is  a  dense  growth  of  spruce  and  tamarac,  from  2  to  6  inched 
in  diameter.  The  swamps  are  peat.  The  ground  at  the  proposed  dam-site,  as  already 
described,  is  clay  and  sandy  loam.  The  bed  of  the  river  is  coarse  gravel,  sand,  and 
clay. 

The  West  Fork  of  the  Chippewa  from  the  proposed  dam-site  to  the  mouth  of  Little 
Chief  River  is  sluggish,  there*1>eing  only  1.5  feet  fall  in  that  distance.  From  there  to 
the  limit  of  tlowage  it  consists  of  a  series  of  rainds  and  still  reaches,  sometimes,  three- 
fouiths  of  a  mile  in  length.  Little  Chief  River  and  its  tributaries  in  some  places 
have  a  htrong  .current,  but  usually  the  current  is  sluggish.  Along  these  streams,  as 
well  as  from  the  mouth  of  Little  Chief  River  to  the  x>Topo6ed  dam-site,  there  are  ex- 
tensive rice-fields  and  meadows. 

This  reservoir  lies  mostly  within  the  reserve  for  the  Courtes-Oreilles  band  of  Chip- 
I>ewa  Indians.  These  Indians  have  selected  lands  within  the  limite  of  the  reserve  for 
farms  and  have  been  supplied  by  the  government  with  farming  implements.  I  have 
been  informed  that  adults,  both  male  and  female,  are  entitled  to  80  acres  of  land,  and 
that  those  who  have  selected  homesteads  and  made  the  necessary  improvements  are 
expecting  to  receive  their  patents  this  year.  Their  farms  so  far  extend  along  the 
West  Fork  from  the  proposed  dam-site  to  the  mouth  of  Little  Chief  River,  and  again 
on  the  west  and  Koutli  sides  of  Chief  I.iake. 

The  length  of  the  iiroponed  dam  m  900  feet,  and  maximum  height  above  low-water 
2r>.5  feet. 

I  have  been  informed  that  it  is  the  intention  of  the  Mississippi  River  Logging  Com- 
pany to  construct  a  16-foot  dam  this  winter  about  1,000  feet  above  the  proposed  dam- 
site  here. 

There  are  two  small  existing  dams  within  the  limitn  of  this  reservoir ;  one  is  located 
at  the  mouth  of  the  outlet  to  Pokegama  Lake  and  the  other  on  Little  Chief  River  at 
the  northeast  comer  of  .section  26,  township  40  north,  range  7  west.  The  one  at  Poko- 
gania  Lake  has  a  sluice-way  8  feet  wide  and  8  feet  deep  controlled  by  a  sliding  gate. 
Each  wing  is  about  50  feet  long  with  the  covering  sloping.  Its  construction  is  similar 
to  that  at  Bear  Lake.  The  dam  on  Little  Chief  River  is  142  feet  long  and  there  are 
thre<*  .sluice-ways,  each  S  feet  wide  and  6  feet  deep,  controlled  by  sliding  gates.  The 
right  wing  is  lit  feet  long  and  the  left  77  feet. 

Iiiatead  of  piers  at  the  sluices  there  arc  partitions  formed  by  planking  rectangular 
framoH  resting  on  the  floor  of  the  sluices.  The  covering  of  the  wings  slope  up  stream 
and  rest  on  cob-work  of  round  logs,  as  at  Bear  Lake.  The  toe  of  the  dam  is  first  prt)- 
teeted  by  driving  sheet  piles  at  the  foot  of  the  covering  and  in  front  of  the  sluices,  and 
as  an  additional  security  there  is  u  backing  of  clay  and  sandy  loam. 

There  is  a  difference  of  1  foot  between  the  water  above  and  below  the  dam.     This 
dam  creates  a  driving  stage  for  logs  out  of  the  valley  of  Little  Chief  River  and  down 
the  West  Fork  as  far  as  the  inoutli  of  the  East  Fork.     It  cost  ^oOO  and  was  built  in 
3fay. 
The  survey  of  this  reservoir  was  completed  Se]»tember  6. 

Level.s  were  now  continued  up  the  West  Fork  to  Moose  Lake,  where  the  next  reser- 
voir \va«  surveyed.     We  reached  that  point  on  .September  9. 

The  elevation  of  low-water  below  tne  existing  dam  there  is  1,35H.8  feet,  and  above 
the  dam  1,361.9  feet.  The  proposed  dam-site  is  100  feet  above  the  existing  dam,  and 
low- water  is  assumed  at  1,358.8  feet. 

The  West  Fork  of  the  Chippewa,  from  the  mouth  of  Little  Chief  River  to  Moose 
Lake,  is  a  series  of  rapids,  between  which  are  stretches  of  sluggish  water.  The  banks 
are  generally  from  10  to  30  feet  high. 

The  timber  along  the  river  is  mostly  white  pine  and  hendock.  Lumbering  has  been 
carried  on  along  tins  portion  of  the  river  for  a  great  many  years,  and  close  to  the  river 
there  i«  not  much  pine  of  a  good  quality  left.    The  soil  is  usually  clay.    * 

The  area  of  the  watershed  of  the  Moose  Lake  reservoir  is  214.3  square  miles,  and 
tho  siipplv  from  one-third  the  rainfall,  which  has  l>een  assumed  at  30  inches,  is 
4,ll7f>,6*i6,i53  cubic  feet,  and  its  capacity  is  2,021,783,402  cubic  feet.  Hence,  after  sup- 
j>lyiiie  the  deficiency  of  water  from  the  watershed  of  the  Pa-kwa-wang  reservoir  for 
that  daui,  there  is  still  a  surplus  of  1,234,725,814  cubic  feet  to  pass  down  river.    (See 
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Table  I.)    Its  sup^ily  from  one-fourth  the  rainfall  is  3,7:i3,i>fKV2<K)  cnbic  fe«t,  aDtlthe 
8nrplu8  of  1,712,179,798  cnbic  feet  j^oeH  into  the  Pa-kwa-wan^  rPHervoir  and  is  there 
Htored.     (Sim;  Table  H.)    The  surface  area  of  the  reservoir  is  137,><44,396  cubic  feet,  or 
4.9  square  miles  nearly.     The  reservoir  will  j;ive  a  MUj)ply  of  *i6()  cubic  feet  per  sec4)nd 
for  a  period  of  9()  dayH.     The  water  in  the  reservoir  will  be  confined  ohiefly  to  Moow 
Lake  and  adjoining  swamps.     It  also  extends  up  the  West  Fork  to  Partridge  Crc»p 
Lake,  but  does  not  tiood  it  any.     The  river  from  the  pro^Mtsed  dam-site  to  Partridge 
Crop  Lake  consists  of  short  and  steep  rapids  and  gravel-bars,  their  length  being  from 
200  to  ViOO  feet,  having  a  fall  from  2  to  ♦>  feet.     Between  these  rapids  there  are  still 
reaches  where  the  river  is  from  200  to  400  feet  wide  and  the  iKittom  soft.     Beyond 
Partridge  Crop  Lake  and  to  the  source  the  river  is  from  20  to  50  feet  wide,  the  river 
being  sluggish.     Occasionally  there  is  a  gravel-bar  where  there  is  a  fall  of  about  2  feet, 
but  tliere  are  no  rapids.     The  river  above  the  proposed  dam-site  is  confined  betwet-D 
banks  which  are  from  20  to  30  feet  high  and  the  timber  is  mostly  white  pine  and  heic* 
lock,  the  pine  predominating. 

Partridge  Crop  Lake  is  the  farthest  point  up  stream  whert^  pine  has  beeu  cut.  A: 
the  inlet  to  Moose  Lake  there  is  an  extensive  windfall,  both  on  the  hanl  ground  aud 
in  the  swamps  which  have  been  burned  over.  The  timber  around  Moose  Lake  confti'«» 
of  hemlock,  white  pine,  birch,  tamarac,  cedar,  spruce,  and  balsam.  The  grouD^ 
around  Moose  Lake  is  from  r)0  to  100  feet  al>ove  the  lake,  considerably  broken  with 
short  ravines  making  down  to  the  lake.  The  gronnd  consists  of  clay,  gravel,  and 
sandy  loam.  At  the  dam  site  the  bed  of  the  river  and  the  low  ground  is  a  nuibsu*' 
bowlders  from  0  inches  to  3  feet  in  diameter.  The  existing  dam  is  said  to  reat  on  > 
ledge  of  rock,  but  there  is  no  outcropping  of  rock  visible  anywhere  in  the  vicinity. 
The  total  length  of  the  proposed  dam  is  1,2^^  feet,  and  maximnm  height  above  lo»- 
water  25.7  feet.     The  total  length  of  dike  is  Wi  feet,  and  maximum  height  1.5  feet. 

For  the  construction  of  a  wooden  dam  there  is  plenty  (»f  pine  timber  convenicDt: 
also  rock  for  pier-tilling.  No  borings  can  be  made  at  the  dam-site  on  account  "t 
bowlders  or  rock  in  place. 

DESCRIPTION   iiV   EXISTINCJ   DAM  AT  MOOSK  LAKK. 

This  is  a  tlooding  dam  and  is  located  at  the  ht^ad  of  a  stretch  of  rapids  and  about  li*^ 
feet  below  the  projmsed  dam-site.  The  dam  is  317  feet  long,  and  the  head  7  feet. 
There  are  two  sluice-ways,  one  8  feet  wide  and  7  feet  deep,  controlled  by  a  .slidioA 
gate,  and  one  16  feet  wide,  controlled  by  stop  logs.  There  are  no  piers,  but  the  end- 
of  the  wings  are  faced  with  solid  walls  of  12  by  12  inch  timber,  and  bet  ween  the  8lnici> 
there  is  a  partition  formed  by  planking  a  rdotangular  frame  secured  to  the  floor '.t 
the  sluices  and  at  the  top  to  cross-pieces  connecting  the  walls  at  the  wiugs.  In  ibi* 
partition  and  in  the  walls  are  slots  for  the  gate  and  stop-logs.  The  wing:s  are  fomw*. 
by  placing  round  timbers,  on  a  slope  of  U  feet  horizontal  to  1  foot  vertical,  and  allow- 
ing them  to  rest  on  a  cob-work  of  heavy  round  logs. 

The  toe  of  the  covering,  as  well  as  in  front  of  the  sluict*^,  is  protected  by  a  backiiu: 
of  gravel  and  clay. 

This  dam  is  out  of  repair  both  at  the  sluices  and  at  the  south  wing.  At  the  south 
wing  there  is  a  break  ot  50  feet. 

The  reservoir  from  this  dam  has  a  capacity  of  about  430,000,000  cubic  feet,  and  af- 
fords a  driving  stage  for  logs  for  about  12  days,  as  far  at  least  as  the  month  of  the  F^t^ 
Fork.     It  is  owned  by  a  Mr.  Goodrich  and  was  built  in  1877  at  a  cost  of  $1,500. 

There  is  another  dam  on  the  West  Fork  about  a  mile  below  Partritlge  Crop  Lakr. 
The  south  wing  is  52  feet  long  and  the  north  .59  feet  long.  It  has  but  one  sluice-way, 
IS  feet  wide  and  t^  feet  deep,  and  controlled  by  stop-logs.  At  the  ends  of  the  win^ 
there  are  solid  walls  of  tirabar,  hewn  oa  three  sides,  in  which  is  a  slot  for  stop^Ioe^ 
The  covering  has  a  slope  of  about  1  to  1  and  rests  on  a  cob-work  of  round  lo^.s.  "tht 
rear  of  the  dam  is  protected  by  a  backing  of  clay  and  gravel. 

A  small  reservoir  might  be  created  at  Crop  and  Lost  Lakes,  but  the  water -►he*!  b»- 
ing  only  33  sc^uare  miles  it  was  considered  too  small  to  survey. 

The  survey  of  Moose  Lake  reservoir  was  completed  on  September  30. 

We  next  moved  camp  to  Lake  Conrtes-Oreilles  by  way  of  Little  Chi^f  River  ami 
Chief  Lake. 

Levels  were  now  nin  from  Chief  Lake  to  Lake  Conrtes-Oreilles,  where  we  arrive<l  t«a 
October  5.  The  elevation  of  Courtes-Oreilles  is  1,287.2  feet ;  that  of  Grindstone,  l.'>7.i* 
feet;  Fish  Lake,  1,2^8.3  feet;  Island  Lake,  1,292  feet;  and  of  Sand  Lake,  1,301.1  feet. 
For  the  elevajtion  of  the  other  smaller  lakes  see  general  map.  The  elevation  of  low  - 
water  at  the  dam-site  is  1,287.2  feet. 

The  Courtes-Oreilles  reservoir  has  a  watershed  of  114  square  miles,  equal  to 
3,178,137,600  sciuare  feet.  For  one-third  the  rainfall  its  supply  is  2,647,3'3??,«s»l  cnhu 
feet,  and  the  entire  amount  may  be  stored  in  itself.  The  superficial  area  of  the  rtv^er- 
voir  for  its  own  water  will  be  448,58*2,620  square  feet,  equal  to  16.1  stjuare  miles,  nearh. 

The  length  of  dam  will  be  260  feet,  and  height  above  low- water  6.5  feet.    Tlierv  will 
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be  lu)  dike,  but  h  tamarac  Mwainp,  which  Hecms  to  have  h<'en  an  old  chanue],  will  re< 
quin^,  for  a  leii|eth  of  100  feet,  shi^t  piling  6  feet  in  length.  For  90  days  it  will  deliver 
',i[)i)A'i  cubic  feft  per  Heoond.  (8ee  Table  I.)  The  water  within  the  limits  of  the  res- 
ervoir will  be  confined  wholly  to  lakes  and  small  swamps.  For  one-fourth  the  rain- 
fall the  supply  will  be  1,986, 336, <X)0  cubic  feet,  which  can  be  stored  with  a  5-foot  dam 
above  low-water. 

The  HU]>erficial  area  of  the  reservoir  will  be  4Ji5,756,814  square  feet^  equal  to  15.6 
wiuare  miles,  nearly.  The  length  of  the  dam  will  be  260  feet,  as  1>eiore,  and  sheet 
]iiUug  for  a  diNtauce  of  100  feet,  and  5  feet  long.  Under  this  condition  the  i*eservoir 
will  supply  for  90  days  255,44  cubic  feet  j>er  second.     (See  Table  II.) 

Now,  instead  of  aUowing  any  suqdus  water  to  pass  Little  Chief  Lake,  by  construct- 
ing a  25-foot  dam  at  that  reservoir,  the  water  may  be  ^lassed  over  into  the  Pa-kwa- 
wang  reservoir  (see  black  dotted  line  marked  A,  on  general  ma^),  and  from  there, 
together  with  the  surplus  from  the  West  Fork,  through  a  canal  into  Lake  Courtes- 
Oreilles.  This  excavation  amounts  to  264,700  cubic  yards  of  earth,  and  would  prob- 
ably cost  about  $52,940.  (See  X'rotile  attached  and  black  dotted  line  marked  B,  on 
general  map.)  Now,  supposing  one-third  the  rainfall  is  available,  this  will  give  us  in 
Courtcs-Oreilles  reservoir  9,013,213,415  cubic  feet,  which,  for  90  days,  will  give  1,159.16 
cubic  feet  per  second.  This  will  require  a  20-foot  dam  above  low-water.  Its  length 
will  be  415  feet.  It  will  also  require  a  dike  2,H50  feet  long,  and  a  maximum  height  of 
13.5  feet. 

The  su)>erficial  area  of  the  reservoir  will  be  496,781,760  square  feet,  equal  to  17.8 
s^iuaiv  miles,  nearly.     (See  Table  III.) 

Now,  suppose  that  one-fourth  the  rainfall  is  available,  we  have  for  Courtes-Oreilles 
resi'rvoir  3,366,280,904  cubic  feet.  This  will  require  a  dam  9.4  feet  in  height  above 
low -water.  Its  length  will  be  297  feet.  The  length  of  c'ike  will  be  14H  feet,  with  a 
maximum  height  of  3  feet. 

The  superficial  area  of  the  reservoir  will  be  449,000,000  square  feet,  equal  to  16.1 
square  miles,  nearly.  Its  supply  for  90  days  will  be  497.21  cubic  feet  per  second. 
(See  Table  IV.) 

On  the  east,  south,  and  west  sides  of  Lake  Courtes-Oreilles  the  hard  ground  is  time 
bered  with  scattering  Norway  pine,  jack-pine,  scrub-oak,  and  poplar  brush.  On  the 
swamps  there  is  a  heavy  growth  of  tamarac  from  4  to  8  inches  (in  diameter.  On  the 
north  and  west  sides  of  Grindstone  Lake  the  timber  is  white  pine,  Norway-  pine,  maple, 
I>ircli,  and  tamarac.  On  the  northeast  and  north  sides  of  Fish  Lake^  anu  on  the  north 
and  west  sides  of  Sand  Lake,  the  timber  is  scattering  Norway  pine  and  poplar  brush- 
On  the  south  side  of  Fish  and  Sand  lakes  the  timber  consists  of  poplar,  max)le,  birch, 
tamarac,  balsam,  &c.  The  ground  on  the  east,  south,  and  west  sides  of  Lake  Courtes- 
Orel  lies  consists  of  sand,  sandy  loam,  clay  and  gravel;  also,  on  the  north  side  of  Fish 
an<1  Sand  lakes.  Around  Grindstone  and  Island  lakes,  and  on  the  sonthyrest  side  of 
Fish  Lake,  and  south  side  of  Sand  Lake,  the  ground  is  clay  and  sandy  loam.  The 
groiiud  in  the  vicinity  of  this  reservoir  varies  from  20  to  70  feet  in  height  above  the 
wator.  The  ground  at  the  dam-sit4)  is  clay,  gravel,  and  sandy  loam.  The  bed  of  the 
outlet  of  the  dam-site  consists  of  clay,  gravel,  and  sand.  The  lakes  usually  have 
cither  a  clay  or  gravel  beach. 

For  pier-filling  plenty  of  rock  can  be  found  along  the  lake  shore.  In  looking  at  the 
ji^rncrai  map  it  will  be  seen  that  there  are  but  few  streams  emptying  into  it.  Owing  to 
t  he  clearness  of  the  water,  the  lakes  are  evidently  largely  supplied  by  spring-water.  It 
seems  apparent,  however,  from  the  small  discharge  in  the  nver^  that  the  rain  absorbed 
in  the  f^und,  particularly  on  the  western  side  of  the  reservoir^  does  not  find  its  way 
into  this  reservoir,  but  seeks  an  outlet  to  the  west,  in  which  direction  the  country  is 
falling.  One-fourth  the  rainfall  ought  to  be  considered  here,  when  one- third  may  in 
the  other  cases  be  used.  The  most  of  this  reservoir  lies  within  the  reserve  for  the 
Coiirtes-Oreilles  band  of  Chippewa  Indians.  As  at  Pa-kwa-waug  the  Indians  have 
selei't^ed  homesteads  and  are  farming  on  a  small  scale. 

There  will  be  very  little  land  damaged,  either  by  a  6.5-foot  dam  or  by  a  20-foot  dam, 
siA  there  is  no  wild  rice  within  the  limits  of  the  reservoir,  and  very  litttle  meadow  land. 
Tlie  ^reen  line  on  the  general  map  and  the  red  line  beyond  where  it  joins  the  green 
18  the  ttowage-line  for  a  20-foot  dam,  and  the  red  line  alone  for  either  a  5  or  a  6.5  foot 
dam. 

The  survey  of  the  Courtes-Oreilles  reservoir  was  completed  on  October  25. 
We  next  proceeded  by  boat  down  the  Courtes-Oreilles  River  and  main  Chippewa  as 
far  as  Big  Bend.    As  a  matter  of  economy  we  left  our  boats  at  Big  Bend,  and  traveled 
by  stage  to  Chippewa  Falls,  and  from  there  to  Paint  Creek,  where  the  next  and  last 
reservoir  was  surveyed.    We  arrived  there  on  October  29. 

Courtes-Oreilles  River  is  from  50  to  60  feet  wide.  The  first  3  miles  of  it  is  sluggish, 
hut  from  there  to  the  mouth  it  is  a  series  of  rapids  and  still  reaches.  The  worst  of 
these  rapids  is  known  as  Courtes-Oreilles  Falls.  The  river  at  this  point  passes  through 
a  ^auite  formation.  The  falls  are  situated  within  3  miles  of  the  mouth  of  the  river. 
Courtes-Oreilles  River  is  not  navigable  for  bateaux  at  extreme  low-water  on  account 
of  rocks  and  gravel-bars. 
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The  Chippewa  Ri Y«r^  from  the  month  of  the  Coaites-OTetUes  River  to  Big  BenA, 
hae  a  swift  current  the  entire  distance,  and  no  rapids  of  any  conaeqnesee. 

Paint  Creek  Reservoir  has  a  superficial  area  of  56,806,566  square  feet,  emial  toll 
square  miles.  It  has  a  watershed  of  3,493.1  square  miles,  equal  to  109,^,319,(HO 
sciuare  feet.  The  supply  from  one-third  the  rainfall  is  91,569,456,760  cubie  feet.  Tbe 
capacity  of  the  renervoir  is  505,336,720  cubic  feet.  Hence  the  surplus  is 91,064. 120,(^0 
cubic  feet.     It  will  fuminh  a  supply  of  64.99  cubic  feet  per  second  for  90  days. 

The  following  tables — I,  II,  III,  IV — show  the  areas  of  watersheds  and  reservoin 
supply  from  one-third  or  one^fourth  the  rainfall ;  capacities  and  supply  per  second  for 
90  days ;  also,  cost  of  dams.    Table  V  shows  discharge  of  streams. 

AsHuming  one-third  the  rainfall  as  available,  and  allowing  the  surplus  from  the  Ev: 
aud  West  Forks  of  the  Chippewa  River,  and  the  surplus  from  Butternut  Lake,  Ke^ 
Lake,  Bear  Creek,  Round  Lake,  Squaw  Lake,  and  ParK  Lake  to  pass  down  river,  tbeit 
will  be  a  surplus  passing  the  Paint  Creek  Dam— which  is  the  lowest  dam  on  the  Chip- 
]»ewa  waters — of  102,14§,325,526  cubic  feet.  The  (quantity  of  water  stored  in  the  rw- 
ervoirs  will  give  a  supply  of  3,245.79  cubic  feet  per  second  for  90  days.  (See  Table  I. 
Again,  supposing  that  the  surplus  from  the  East  and  West  Forks  is  allowed  to  i»a» 
through  a  canal  iut-<»  Lake  Couites-Oreilles,  there  will  be  a  surplus  paasiug  Paint  Cntk 
of  95,782,r)00,732  cubic  feet.  The  quantity  of  water  stored  wiU  give  a  supply  nf 
4,064.50  cubic  feet  ner  second  for  90  days.  ( See  Table  III. )  Assuming  that  one-foniii 
the  rainfall  is  available,  and  allowing  the  surplus  from  the  East  Fork  of  the  Cbippe^i 
to  pas8  down  river,  there  will  pass  at  Paint  Creek  a  surplus  of  74,101,054,095  cuW 
feet.  Tho  Hupiily  under  this  condition  will  be,  for  90  days,  2,7&4.42  cubic  feet  ^. 
second.     (See  Table  II.) 

Lastly.  Assuming  that  the  surplus  from  the  East  and  West  Forks  is  directed  icu' 
Pa-kwa-wang  and  Courtes-Oreilles,  there  will  be  a  surplus  passing  Paint  Creek  of 
70,721,744,560  cubic  feet.  The  water  stored  will  give  a  supply  for  90  days  of  S.iW.t'-* 
cubic  feet  per  second.     (See  Table  IV.) 

In  the  vicinity  of  Paint  Creek  Reservoir  the  hard  ground  is  usually  of  a  sandy  natnit 
The  HwampM  seem  to  be  muck.  The  timber  consiHts  of  scattering  white  andNorvs} 
pine,  taiuarac,  and  scrub-oak. 

There  is  no  land  within  the  limits  of  the  reservoir  that  is  cultivated,  for  the  ita^^ 
that  it  is  not  worth  cultivating.  There  is  an  existing  dam  across  the  Chippewa  Ri^^ 
at  the  proposed  dam -site,  and  certain  lauds  along  the  river  have  already  beeji  ooc- 
demned. 

The  proposed  dam  may  be  built  over  the  one  now  existing.  Its  length  will  be  &> 
feet,  and  height  22  feet  above  low-water. 

TABLE  OF  ELEVATIONS  OK    IMPORTANT  POINTS  WITHIN  THE  LIMITS  OP  THE  SVHM^ 

ABOVE  THE   SEA-LEVEL,  AT  LOW- WATER. 

Low-water  at  Chippewa  Crossing 1,50^- 

Bear  Lake l,43l.* 

Proposed  dam-site  at  Bear  Lake.... 1,436 

Head  of  Cedar  Rapids 1,4*'. 

Foot  of  Cedar  Rapids 1,337: 

Head  of  Snaptail  Rapids l.Sii- 

Foot  of  Snaptail  Rapids l,32^i 

Hunter's  Lake \,U\'' 

Little  Chief  Lake l,3£li 

Proposed  dam-site  at  Little  Chief  Lake .,..  l,32i^ 

Proposed  dam-site  at  Pa-kwa-wang l.SSa* 

Chief  Lake l,'^'' 

Proposed  dam-site  at  Moose  Lake 1,33?.' 

Moose  Lake l,36l.J' 

Partridge  Crop  Lake 1,3S*.' 

Summer  Lake l,3All 

Crop  Lake l,3&i* 

Lost  Lake 1.35-^' 

Lake  Courts-Oreilles 1.^'- 

Island  Lake 1,^ 

Little  Courts-Oreilles  Lake h^U 

Fish  Lake , l,*2r.' 

Sand  Lake 1.3('ll 

Little  Sand  Lake 1,3031 

Hat  Lake 1,320.' 

Proposed  dam-site  at  Lake  Courts-Oreilles L2c^.- 

Pokegama  Lake 1.2*),^' 

Crane  Lake 1,300.' 


^ 
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The  following  is  a  list  of  existing  daniH,  operated  by  private  parties,  on  the  Chip^ 
{M'wa  River  and  its  tributarieR,  within  the  Hmita  of  onr  survey : 

1.  Goodrich's  Dam-j  on  the  West  Fork,  situated  in  the  southwest  quarter  of  the  south- 
west quarter  of  section  32,  township  42  north,  range  5  west: 

Ih'iffht  of  stop-plank  above  foundation .feet.  -       8 

Width  of  shiice-way do...     12 

Length  of  dam do...   123 

nead-hea<l do...       3 

2.  Goodrivh^s  Dam,  on  West  Fork  of  ChipiHjwa  River,  near  mouth  of  Moose  Lake, 
Hituated  in  the  northeast  quarter  of  the  southeast  quarter  of  section  14,  towu- 
Hhip  41  uprth,  range  6  west : 

Height  of  shiice-ways  above  flooring feet..      7 

Total  width  of  sluice-ways do...    24 

Lfiigth  of  dam do...  347 

Dead-head do...  2.1 

Capacity cubic  feet..  430,000,000 

3.  Dam  on  outlet  to  Pokegama  LakCf  situated  in  the  northwest  quarter  of  the  north 
west  ((uarter  of  section  32,  township  40  north,  range  6  west : 

Hiight  of  sluice-way  above  flooring feet..       ft 

Width  of  sluice-way.... do...       8 

Length  of  dam do...  108 

4.  Haywood's  Dam,  on  Little  Chief  River,  located  in  the  northeast  quarter  of  the 
northeast  quarter  of  section  26,  township  40,  range  7  west : 

Height  of  sluice-way  above  flooring feet..  6 

Width  of  sluice-way do...  24 

Length  of  dam do...  142 

Dead-head do...  1 

5.  Chippewa  River  Improvement  Companifs  Dam  at  Bear  LdkCj  on  East  Fork,  situated 
in  the  northwest  quarter  of  southeast  qnarter  of  section  26,  township  41  north, 
range  4  west : 

Height  of  sluice- ways  above  flooring feet..     10 

Width  of  sluice-ways do  ...     42 

Length  of  dam.. do...  564 

Capacity cubic  feet..  300,000,000 

6.  Little  Falls  Dam,  situated  in  southeast  qnarter  of  the  northwest  quarter  of  sec- 
tion 2H,  township  32,  range  6 : 

Height  of  sluice- ways  above  flooring feet..     21 

Totttl  width  of  sluice-ways do...    267 

l^en^h  of  dam do...   625 

DeoH-head do...       5 

Capacity cubic  feet..  133,333,333 

7.  Paint  Creek  Dam^  situated  in  the  southeast  quarter  of  the  northwest  quarter  of 
section  3,  township  28  north,  range  8  west,  on  the  Chippewa  River  : 

This  is  a  rolling  dam,  with  a  log-way  100  feet  wide  at  the  center,  and  near  the  right 
bank  a  lumber  slide  23  feet  wide. 

Crest  of  dam  above  low-water feet..  lOi 

Total  length  of  dam do...  526 

DESCRIPTION  OF  DAM  ACROSS  THE  CHIPPEWA  RIVER  AT  PAINT  CREEK. 

This  dam  is  sitnated  in  the  sontheaat  quarter  of  the  northwest  qnarter  of  section  3, 
t<iwn8hip  28  north,  range  8  west,  at  the  proposed  dam-site  for  the  Paint  Creek  Reser- 
voir. In  looking  at  the  dam  from  the  rignt  bank  of  the  river  there  is  first  a  shore-pier 
of  cril>-work  17  by  37  feet,  and  filled  witn  rock.  The  top  of  this  pier  is  abont  30  feet 
above  low-water,  and  was  built  to  that  height  with  a  view  to  raising  the  present  dam 
12  feet.  Then  comes  a  crib- work  of  timber,  the  top  of  which  is  18.5  feet  above  low- 
water,  100  feet  long  and  filled  with  stone ;  next  in  omer  is  the  right  pier  of  the  lumber 
Hlicle,  10  feet  wide  and  206  feet  long,  then  the  lumber  slide  23  feet  wide.  This  has  an 
Li^y  a  stable  apron  at  the  npx^er  end,^the  crest  of  which  is  6  feet  above  low- water  when 
it  is  <lown.  At  the  ' 
a.n  ice-breaker.  The 
an<l  the  remainder, 
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19  feet  above  low-water,  and  lower  by  steps  as  we  approacli  the  eud  of  the  slide.  TUeu 
comes  the  rolling  dam,  '360  feet  long,  in  the  center  of  which  is  a  roU-waj*  for  losb,  abont 
100  feet  wide.  The  covering  in  the  rear  of  the  dam  has  a  slope  of  al)oiit  1|  feet  boii- 
zontal  to  1  foot  vertical.  In  front'of  the  dam  the  covering  has  a*  slope  of  about  1  to  1. 
with  the  exception  of  the  roll-way,  where  the  slope  is  about  4  feet  horizontal  to  1  foot 
vertical.  This  covering  rests  on  crib- work  of  timber  and  filled  with  rock.  Tbe  toe  of 
the  dam  is  protected  by  a  backing  of  sand  and  gravel.  The  bottom  of  the  river  at  tliio 
place  is  a  granite  formation,  the  planes  of  cleavage  of  which  are  at  an  angle  of  about 
15^  from  the  vertical.  The  granite  in  this  vicinity  seems  to  be  of  a  good  quality,  and 
is  used  as  a  building  stone. 

In  looking  at  the  general  map,  it  will  be  seen  from  elevations  of  different  point* 
within  the  limit  of  our  survey  that  the  country,  besides  falling  to  the  southwest,  al«i 
falls  to  the  west  along  the  summit.  The  elevation  of  low-water  at  Chippf  wa  CmMio^ 
is  1,509  feet  above  the  sea-level,  but  the  headwaters  of  Bad  River  are  about  1,600  ft^ 
above  the  sea,  and  there  are  points  on  the  Penokee  Iron  Range  which  are  over  l,7i«' 
feet.  It  is  a  common  opinion  among  persons  who  have  spent  considerable  time  it 
various  points  in  Northern  Wisconsin  tliat  the  rainfall  is  more  than  in  the  southern  pan 
of  the  State,  and  I  am  satisfied  that  when  the  mean  annual  rainfall  is  ascertained  for 
this  region  it  will  not  be  far  from  *36  inches. 

Northern  Wisconsin  is  still  a  vast  wilderness,  and  from  the  progress  that  emigrati«>» 
has  made  into  that  portion  of  the  State  since  it  was  oi)ened  by  the  Wisconsin  Centn! 
Railroad,  it  promises  to  remain  so  for  twenty  or  thirty  years  to  come.  This  is  partialis 
owing  to  the  labor  required  in  clearing  up  the  land,  but  more  especially  to  tbe  fact 
that  the  clay  soil  which  predominates  in  tnat  region  is  generally  impervious  to  watn. 
Besides  this,  rocks  are  so  common  in  the  soil  that  the  lands  are  not  desirable  for  fann- 
ing purposes.  Even  in  swamps  we  almost  invariably  find  bowlders  and  gravel  at  the 
bottom.  Hence  it  is  difficult  to  see  where  the  existence  of  reservoirs  in  this  regiin. 
will  interfere  either  directly  or  indirectly  with  agricultural  interests. 

In  regard  to  damages  to  water-power  for  mill-sites,  it  is  not  probable  that  laiuber 
will  ever  be  manufactured  in  this  region,  for  the  reason  that  the  market  for  thelumbir 
of  the  Chippewa  Yalle v  is  in  the  Mississippi  Valley,  and  until  we  reach  the  vicinitv  of 
Chippewa  Falls  it  would  be  impossible  to  run  lumber  without  going  to  an  nuwarranU; 
ble  expense.  In  view  of  the  above  considerations  the  reservoirs  wiu  not  be  detrimentit 
to  the  manufacture  of  lumber.  The  only  cause  of  complaint  that  could  arise,  providioj 
that  the  lumbering  interests  were  made  subservient  to  the  interests  of  commerce  is 
the  Mississippi  Valley,  is,  perhaps,  a  delay  of  one  or  two  months  in  getting  the  dh\t> 
to  their  destination  at  Chippewa  Falls,  Eau  Claire,  and  points  below.  But  when  ««* 
consider  that  during  winters  when  the  fall  of  snow  is  very  small  the  lumbering  inter- 
ests are  embarrassed  during  the  entire  season  following,  as  was  the  case  ou  tbe  Chippevj 
in  1878,  a  delay  of  a  month  or  two  is  only  a  guarantee,  in  the  end,  of  snccessfnl  open- 
tions  during  each  season. 

Very  respectfully,  your  obedient  servant, 

Archibald  Johnson, 

Mtg.  Charles  J.  Allen,  Assistant  Engineer. 

Captain^  Corps  of  Engineers,  U.  S.  A. 
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Wisconsin  Rivek. 

report  of  mr.  james  d.  raynolds,  assistant  enoinebk. 

Engineer  Office,  United  States  Army, 

Saint  Paul,  January  5,  1880 

Major  :  I  have  the  honor  to  submit  the  following  report  of  examination  of  the  soarre* 
of  the  Wisconsin  and  part  of  the  Chip][>ewa  rivers,  made  under  your  direction  fn>iB 
June  21  to  October  18, 1879. 

The  re^on  which  I  was  instructed  to  examine,  with  a  view  to  asoertaining  it' 
capabilities  for  storage  reservoirs,  included  the  Wisconsin  River  above  Pelio4^D,  tlf- 
Tomahawk  above  Squirrel,  the  Dor6  Flambeau  above  Fi field,  and  the  North  Fork  f^i 
the  Flambeau  at  and  above  its  junction  with  the  Manitouish. 

This  I  have  divided  for  convenience  into  five  principal  watersheds,  as  shown  on  the 
general  maps,  and  designated  as  follows: 

I.  p0/toafi.--Covering  the  Wisconsin  watershed  between  Pelican  River  an 4  Otter 
Rapids. 

II.  EagU» — Including  all  the  Wisconsin  River  above  Ottor  Rapids. 

III.  Tomahawk. — ^Including  all  of  Tomahawk  River  above  section  7,  township  39 
north,  range  6  east. 

IV.  Bear  Creek. — ^Embracing  the  Manitouish  as  far  as  Rest  Lake,  and  Bear  Creek, 
with  the  lakes  where  it  takes  its  rise. 
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V.  Round  Lake. — Including  all  the  Dot6  Flambeau  above  Round  Lake. 

[Below  Round  Lake  I  was  unable  to  tiiid  any  available  holding-ground,  the  stream 
being  a  continual  succession  of  ra))ids.  I  made,  also,  some  examination  of  Pelican 
River,  since  the  high  banks  near  its  mouth  seemed  to  promise  considerable  holding- 
ground.  The  stream  was  found,  however,  to  have  such  rapid  fall  that  even  a  30-foot 
dam  would  flow  but  an  insignificant  area.  ] 

I. — ^PEUCAN  WATERSHED.      AREA,  :)61  SQUARE   MILES. 

Here  we  foand  two  available  dam-sites,  one  of  which  may  be  designated  as  "Peli- 
can'' proper,  the  other  *^  Sugar  Camp.''  Both  have  already  been  utilized  by  lumber- 
men. 

At  Pelican  is  a  dam,  built  in  1878,  of  Norway  pine,  of  the  common  cob- work  pattern, 
concerning  which  I  gathered  the  following  data: 

Height  above  floor  of  sluice-way 10.5  feet. 

Length  on  crest 425  feet. 

Cost $4,700 

Probable  duration  variously  estimated  at  three  to  eight  years.  From  present  ap- 
pearances I  should  Judge  the  lower  limit  to  be  nearest  the  truth,  as  Norway  timber  is 
soon  destroyed  by  exposure  to  the  weather  and  to  alternate  wetting  and  drying. 

The  present  reservoir  was  never  full  but  once — in  May,  1879:  Four  weeks  were  re- 
quired to  till  it.  When  the  gates  are  opened  the  escaping  water  reaches  Wausau  in 
from  50  to  52  hours.  At  this  rate,  seven  days  would  be  required  after  opening  the 
gates  at  Pelican  for  the  water  to  reach  the  Mississippi  at  Prairie  du  Chien. 

From  a  careful  survey  of  the  possible  flowage  area  above  Pelican  Dam  the  following 
results  were  obtained : 

Cubic  feet. 
Capacity  of  reservoir  with  present  dam  (10.5  feet  rise  above  "  dead-head" 

or  13.5  feet  rise  above  mean  low-water) 880,000,000 

Capacity  with  20  feet  rise 2,298,632,320 

Capacity  with  28  feet  rise /. 5,15:3.180,527 

To  raise  the  water  28  feet  would  require  a  dam  800  feet  long  on  crest,  and  a  dike  at 
head  of  "Lake  No.  1"  (as  shown  on  detail  map)  having  a  length  of  3,625  feet,  and  a 
maximnm  height  of  15  feet. 

The  probable  cost  of  this  work,  if  executed  at  the  present  time,  I  place  at  $62,929. 

The  dam  on  Sugar  Camp  Creek  was  built  some  three  years  ago.  It  is  230  feet  16ng 
and  5  feet  high.  Although  of  even  cheaper  construction  than  Pelican  Dam,  it  is  in  a 
very  fair  state  of  preservation.  It  has,  however,  not  been  in  use  since  the  first  season, 
logging  operations  having  been  suspended  since  then. 

By  substituting  a  dam  on  this  site  12.5  feet  high  and  building  in  addition  a  low 
dike  260  feet  long,  a  reservoir  would  be  formed  having  an  estimated  capacity  of 
1,356,284.160  cubic  feet.    The  cost  of  this  work  I  place  at  $8,162. 

Careful  gaugiugs  of  the  river  just  below  Pelican  Dam,  June  23  and  24,  showed  a 
discharge  of  620  cubic  feet  ])er  second.  In  the  opinion  of  those  most  familiar  with 
the  river,  it  was  at  this  time  at  about  a  mean  sta^e.  Assuming  this  to  be  true,  a  dis- 
charge of  620  cubic  feet  per  second,  for  the  entire  year,  would  give  19,552,320,000 
cubic  feet. 

The  total  drainage  area  aoove  Pelican  is  657  square  miles,  which,  counting  on  .83 
foot  available  raintall,  would  give  a  yearlv  supply  of  19,830.184,704  cubic  feet.  The 
drainage  area  of  Pelican  watershed  alone  (below  Otter  Rapias)  h 


Tributary  to  Pelican  reservoir 301  square  miles. 

Fributary  to  Su^ar  Camp  reservoir 60  square  miles. 

'  Assuming  as  available  one- third  of  an  annual  rainfall  of  30  inches  over  the  whole 
watershed,  except  the  portions  flowed,  and  assuming,  further,  that^  on  account  of 
evaporation,  only  one-sixth  of  that  rainfall  can  be  retained  over  the  flooded  area,  we 
tiave — 


Cpocity.      i"^:^«^*'SSg&.'^"°l     Soxplo.. 


'eUcan,  20  feet  rise 

mgar  C^mp,  12.5  feet  rise 

OB, 


Oubie/eet.     \  Sq.  miles.  Ovine  feet       ,    Oubic/eet 

2, 29H,  632, 320  301  8,836,596,800     4,537,964,480 


1,  356, 284, 160 


60  1, 335,  840,  000 


Mican,  28  feet  rise i    6,153,180,527!  801  6,836,696,800     1,683,416,878 

(ngmr  Camp,  12.5  feet  rise {    1,856,284,160  •  60  1,335,840,000 
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From  these  two  resoi-voirR  could  be  delivered,  for  a  period  of  90  days,  834.5  cubic 
feet  per  second. 
The  total  land  area  which  would  be  Hooded  is — 


nwamp     Entered.     Sj**^    ToUL 


lands. 


Acres.        Acres.        Acres.      i«m 

Pelican 2.222  833         3.9W       T.ti 

SagarCamp 1.448  32«  433      Vi' 


Total 3,fl70  1.15©         4.432      JlS 

What  good  pine  grew  here  has  long  ago  been  cut,  and  the  laad  is,  in  my  o\m\r^ 
entirely  worthless  tor  agriculture,  except  some  narrow  strips  of  hay  meadow  andU<{ 
torn  lands,  now  timben>d  w^ith  elm,  white  maple,  «&c.,  perhaps  2,000  acres  alto'^etL'' 
None  of  it  is  at  present  under  cultivation. 

• 

II. — KAGLR  WATBR8HEI>.      AREA,  496  SQUARE  MILES. 

Here  were  found  three  good  dam-sites,  all  of  which  have  been  utilized  by  lamU> 
men.    One  at  the  hoad  of  Otter  Rapids,  one  on  Eagle  River  between  Catfish  m 
Cranberry  lakes,  and  one  on  Eagle   Kiver  (here  called  ** Fish-Trap  Creek")  al*-* 
Cranberry  Lake.    The  two  latter  dams  were  abandoned  many  years  ago,  aDil  b<' 
fallen  into  complete  decay.    The  dam  at  the  head  of  Otter  Rapids  was  built  mut 
summer  of  1878.    It  was  nearly  filled  once  (in  December,  1878),  raising  the  vst? ' 
about  5  feet  above  floor  of  sluice-way,  or  7  feet  above  low-water,  when  the  east  wi:i 
''blew  out,"  being  poorly  anchored  in  the  treacherous,  gravelly  bank,  and  since tV: 
has  been  abandoned.    From  the  survey  of  this  location  it  was  found  that  the  wir>:l 
might  safely  be  raised  to  a  height  of  22  feet.    This  would  reouire,  in  addition  to  \Sf\ 
dam,  a  low  dike  700  feet  long.    By  this  means  would  be  nooded  the  entire  l^* 
Lake  system,  giving  a  holding  capacity  of  7,389,727,488  cubic  feet.  | 

A  cheaper  plan  than  the  above  (though  giving  less  holding  capacity)  would  \»*\ 
build  the  dam  at  Otter  Rapids  but  19  feet  nigh,  dispensing  with  the  dike,  and  aootl^! 
datn  on  Fish-Trap  Creek  8  feet  high,  thus  forming  two  reservoirs,  having  a  combii'^| 
capacity  of  5,851,676,160  cubic  feet ;  or,  instead  of  an  8-foot  dam  on  Fish-Trap,  oc' '  ■ 
feet  high  might  be  built  between  Catfish  and  Cranberry  lakes,  which,  in  conp^- 
tion  with  the  19-foot  dam  at  Otter  Rapids,  would  give  a  capacity  of  6,163,0Ui,'^^ 
cubic  feet. 

The  probable  supply  was  arrived  at  by  two  methods : 

1st.  Careful  gaugings  of  the  Wisconsin,  just  above  Otter  Rapids,  showed  a  discbiT 
of  296  cubic  feet  per  second,  at  a  time  when,  from  the  beat  information  obtainabk. 
estimated  the  discharge  to  be  about  80  per  cent,  of  the  yearly  mean.     Asfiuniini:  t*^^ , 
to  be  true,  the  entire  annual  discharge  wonld  be  ll,6i>8,320,000  cubic  feet. 

2d.  The  area  of  Eagle  watershed  is  496  square  miles,  which,  coanting  on  .3  ''' ' 
available  rainfall,  would  give  a  yearly  supply  of  11,476.979,712  cubic  feet. 

The  supply  indicated  by  either  of  these  methods  is  largely  in  excess  of  the  nuixi^s 
holding  capacity  of  reservoir.  Some  additional  capacity  might  be  obtained  by  4J^ 
ming  the  outlets  of  Lake  Vieux  Desert  and  Twin  Lakes.  The  amount  stored  vpha 
however,  be  small,  owing  to  the  limited  watershed  tributary  to  these  lakes,  <-' 
360,096,000  cubic  feet  for  Vieux  Desert  and  621,456,000  cubic  feet  foi;Twin  Lake*. 

Vieux  Desert  I  was  unable  to  examine,  but  1  learned  from  those  familiar  witli  :^  i 
country  that  a  good  dam-site  exists  near  it«  outlet. 

I  made  a  tour  of  exploration  to  Twin  Lakes,  and  eatimated  that,  to  store  aU  ^' 
water  obtainable,  would  require  a  dam  6  feet  high  and  1,500  feet  long. 

Assuming,  as  before^  that  over  the  whole  watershed,  except  the  portions  flowed.  (^ 
third  of  an  annual  rainfall  of  30  inches  can  be  connted  on;* and  that  on  acconDt 
evaporation  only  one-sixth  of  that  rainfall  can  be  retained  over  the  flowed  ai^a.  *' 

have— 

Cubic  frfi 

«foot  X  12,594,345,984  = 10,495,2?^^ 

Afoot  X    1,233,340,416= 513,Hin.^ 

Total  net  supply  Eagle  watershed 11, 009,  K^.  1'^ 
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Tabulating  the  above,  we  have  as  the  best  n»8nlt  obtainable  for  the  Eagle  water- 
ehed— 


Capacity  of 
reservoir. 


I  Cubic  feet. 

Otter,  22  feet  rise |  7,3^9.727,488 

VieuxDe«ert ,  400,000,000 

TwinLakes !  650,000,000 


Drainage 
area. 


Sq.milea. 
447 
19 
30 


Ket  supply  fh>m 
rainfall. 


Cubic  feet 
10,  027. 628, 160 
360,  006,  000 
621,  056,  000 


Surplus. 


Cubic  fesL 
2, 637, 9«0, 672 


From  these  three  reservoirs  could  be  delivered  for  a  period  of  90  days  1,076.54  cubic 
feet  per  8t»cond. 

The  probable  cost,  estimating  at  present  prices,  I  place  at  |^^,118  for  dam  and  dike 
at  Otter  Rapids;  $10,000  for  dam  at  Twin  Lakes,  aud  $5,000  for  dam  at  Lake  Vieux 
Desert.    Total,  $53,113. 

The  area  covered  by  these  reservoirs  is  in  greater  part  already  covered  by  water, 
since  the  principal  holding-ground  consists  of  lakes  with  quickly-rising  banks. 

The  total  land  area  which  would  be  flooded  is— 


Otter  Rapids . 
Twin  Lakes. 
Vioux  Desei  t 

Total  .. 


Stat*5  Military     ^'^I'^lt!!!!     tt«u^ 

.«>«»»     -e^^^^^A    «iT.».>n  *^«^    not  ascor-     I'nited 


Aerett. 
4,692 


Aerett. 
597 


4  692 


697 


7^\\^  J^A    not  ascor-     iinitea   i  rp,.4._i 
^™>*-         proxiiuote.  | 


Acres. 


371 


371 


Aerea.  Aeren.       Acres. 

l,8l»3  i'     7.553 

750    1  750 

750  ,     i  750 


1.500 


1,893  I      9,053 


It  is  of  very  small  value,  having  been  already  stripped  of  its  pine  lumber,  and  offer- 
ing not  the  smallest  inducement  to  agricultural  enterprise.  Perhaps  500  acres  con- 
sists of  valuable  hay  meadows  on  the  Wisconsin  proper. 

III. — TOMAHAWK   WATERSHED. 

This  basin  is  comparatively  small,  comprising  bnt  101.5  square  miles.  From  this, 
hy  the  same  process  as  before,  I  deduct  as  the  net  annual  supply  2,201,560,480  cubic 
feet,  which  can  all  be  retained  by  a  dam  12  feet  high,  for  which  an  excellent  site  was 
found  in  section  7,  township. 39  north,  range  6  east,  where  the  high  banks  are  jiess 
than  200  feet  apart.  Retaining  all  the  water  above  this  point  reduces  the  area  tribu- 
tary to  the  Squirrel  Creek  reservoir  (reconuoitered  by  Mr.  Charles  Wanzer  in  1878)  to 
5(>  square  miles,  yielding  an  annual  supply  for  storage  of  1,239,427,200  cubic  feet.  To 
retain  even  this  limited  amount  will  probably  require  a  dam  17  feet  high,  since 
farther  examination  than  was  possible  last  winter  has  developed  the  fact  that  Squir- 
rel L»ake  and  adjacent  swamps  are  above  any  attainable  flowage  plane,  thus  reduc- 
ing the  available  holding-ground  to  less  than  half  the  area  at  which  it  was  first 
estimated. 

A  gauging  of  the  Tomahawk  River,  just  above  the  selected  dam  site,  at  a  time  when 
the  water  was  apparently  at  a  trifle  below  mean  stage,  showed  a  discharge  of  64  cubic 
feet  per  second,  which,  if  uniform  for  an  entire  year,  would  give  as  the  available  sup- 
ply 2,018,304,000  cubic  feet. 

The  land  flooded  by  proposed  reservoirs  on  the  Tomahawk  River  would  be  as 
follows : 


State 
Bwamp  '  Entered, 
lands.    I 


Acre*. 

Jpper  Tomahawk ,  548 

ipuirrel i       2,870 

iic«  LAke '  587 

Total I       8,505 


Indian 
Railroad,  i  reaerva- 
tion. 


Acre*. 
215 
105 
403 


723 


Acret. 


80 


ACTM. 

120 


80 


120 


United 
Statea. 


Acres. 
1,087 
495 
1,508 


3,090 


TotaL 


Acre*. 
1,970 
3,050 
2,498 


7,618 
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There  is  a  small  Indian  settlement  between  Lakes  Kawaquesagon  and  Tomahawk, 
where  a  few  acres  are  devoted  to  raising  com  and  potatoes.  A  narrow  margin  of 
these  plantings  would  be  flooded  by  the  proposed  dam,  which  would  also  drown  oat 
some  quite  ext^ensive  fields  of  wild  rice,  covering  several  hundred  acres.  With  these 
exceptions,  I  know  of  no  iivjnry  that  would  be  done  to  any  private  interests. 

I  place  the  probable  cost  of  proposed  works  on  the  Tomahawk  at  the  following 
figures : 

Upper  Tomahawk  dam }.  ^ $4.7^  W) 

Squirrel  dam  and  dike : » 17, 115  00 

Rice  Lake  dam 24,930  00 

Total 415,774  W 

IV. — BKA.a  CREEK   WATERSHED,  154.5   SQUARE   MILES. 

This  is  an  extensive  but  shallow  basin,  affording  larser  holding-ground,  though  in 
no  place  could  high  banks  be  found  coming  near  enough  together  to  render  dammioi 
easy  except  just  below  Lake  Flambeau,  where  a  dam  wd  feet  long  and  but  4  feet  higl 
would  hold  all  the  water  tributary  to  the  lakes  above.  This  amount  is  small,  hov- 
ever,  about  1,000,000,000  cubic  feet. 

The  site  ottering  the  best  results  is  immediately  below  the  Junction  of  the  Mani- 
touish  with  Bear  Creek.  Here  good  banks  are  fonnd,  though  at  a  formidable  distance 
apart' — 2,500  feet.  A  dam  could  be  built  here  15  feet  high,  which,  in  conjunction  witk 
2,000  feet  of  dike,  would  back  the  water  ever  the  lakes  at  head  of  Bear  Creek  ao^ 
flood  extensive  meadows  on  Bear  Creek  and  the  Manitouish,  forming  a  re^rvoii 
having  an  estimated  capacity  of  5,406,567,152  cubic  feet.  This  reservoir  would  haTc 
when  full,  a  surface  area  of  1,156,953,600  square  feet.  Computing  one-sixth  of  ai: 
annual  rainfall  of  30  inches  over  this  area,  and  one- third  of  that  rainfall  over  the  Rt^ 
of  the  watershed,  we  have,  as  the  net  annual  supply,  3,107,280,000  cubic  feet.  Tb 
capacity  of  the  reservoir  is  thus  seen  to  be  in  excess  of  the  supply  by  2,299,2^,1'^^ 
cubic  feet,  which  will  go  far  towards  retaining  the  surplus  (3,057,100,264  cubic  feet 
coming  over  from  Rest  Lake  reservoir  above. 

RcMt  Lake  rrservoir  was  surveyed  by  Mr.  J.  H.  Dager,  in  1878,  and  dcHcribed  inlii* 
report. 

Tabulating  results,  we  have  for  Bear  Creek  and  Rest  Lake  watersheds : 

i  I 

Capacity  of  rea-     Drainage  .  Net  snpply  from  .     c„_in, 
ervoir.  area.  rainfall.  vorpi^ 


Chibicfeet.        i   Sq.  miles,  i       Cubic  feeL  Ct/bk/t(t 

B«arCreek i        5,406,567,152  154,6      1      3, 107, 280, 000  J        tK- at' 

Rest  Lake 1,840,000,000  211.d*3  1      4,897,100,264$!      ''>''*^*'- 


Amount  deliverable  for  a  period  of  90  days,  per  second,  931.91  cubic  feet. 

K  constructed  at  the  present  time  I  estimate  the  cost  of  the  above  works  as  follor< 

For  Bear  Creek  dam |38.5t 

For  Bear  Creek  dike 9,^ 

For  Rest  Lake  dam 7,*i?- 

For  Rest  Lake  dike ^ 


Total 55.K' 

The  area  to  be  flooded  consists,  aside  from  the  lake  systems,  mainly  of  exten?i^' 
meadows  covered  with  excellent  ^rass.  There  would  also  be  drowned  out  some  larg' 
fields  of  wild  rice,  from  which  the  Indians  on  the  Flambeau  reservation  derive  a^ 
present  a  main  item  of  subsistence.  These  Indians  expressed  great  discontent  »t  Tb 
possibility  of  any  part  of  their  domain  being  flooded^  even  showing  a  strong  dispo^- 
tion  to  interfere  with  the  progress  of  the  survey. 

V. — BOUND  LAKE  WATERSHED. 

At  the  outlet  of  Round  Lake  a  dam  of  fair  construction  already  exists.  It  ^^^ 
built  in  1876,  and  partially  rebuilt  since,  at  a  total  cost  of  $3,000,  and  is  prob&bly  ^til: 
good  for  five  or  six  years'  service.  It  is  170  feet  long  and  raises  the  water  6  feet>  witii 
storage  capacity  for  884,860,000  cubic  feet.  The  dam  might  safely  be  raised  to  a  heijiV 
•f  10  feet,  which,  with  a  dike  250  feet  long,  would  form  a  reservoir  holding  l,3O3,0aM^'* 
cubic  feet. 
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A  good  dam-site  is  found  also  belovr  the  outlet  of  Squaw'Lake,  in  section  28,  town- 
sliip  40  north,  range  4  east.  Here  a  dam  9  feet  high  would  give  a  capacity  of  731,808,000 
cnbic  feet.  Assuming  the  rainfall  at  30  inches,  and  computing  one-sixth  of  this  on  the 
area  overflowed  and  one-third  over  the  rest  of  the  wateT8he<l,  we  have,  tabulating 
the  above :  • 


Round  Lake 
Sqnaw  Lake 

Total. 


Capacity 
of  rcaervoir. 


Oubie  feet. 
1.303.036,416 
731, 808, 000 


2, 034, 844, 416 


Drainage 
area. 


8q.  rnUet. 
63 
39 


102 


Net  8 apply 
from  rain- 
fall. 


Cubic  feet. 
1, 382, 304, 000 
864, 230, 400 


Sarplus . 


OuMcfeeU 
79, 267,  584 
132, 422, 400 


2, 246, 534, 400  I      211, 689, 984 


This  wonld  give  for  a  period  of  90  days  a  discharge,  per  second,  of  261.68  cnbic  feet. 
With  prices  as  at  the  present  time,  I  estimate  the  cobt  of  construction  as  follows : 

For  Round  Lake  dam $7,360 

For  Round  Lake  dike 3,190 

For  Squaw  Lake  dam 4, 000 

Total 14,550 

Of  the  land  area  which  would  be  flooded,  a  small  part  is  well  adapted  for  farming. 
The  only  portion  at  present  under  cultivation  is  a  farm  near  the  outlet  of  Pike  Lake, 
of  whicli  a  few  acres  would  be  submerged ;  the  farger  part  is  well  above  flowage.  Some 
wild-rice  fields  would  be  drowned  out ;  with  these  exceptions,  the  land  to  be  overflowed 
iH  nearly  valueless. 

METHODS  OF  SURVEY. 

On  the  Pelican  reservoir,  transmit  and  compass  lines  were  nin,  meandering  both  lakes 
and  swamps,  and  cross-sections  taken  at  frequent  intervals  whereby  the  several  con- 
roiirs  up  to  "ZO  feet  were  accurately  determined,  and  for  the  southern  portion  (where 
most  of  the  holding-ground  is)  up  to  28  feet.  Progress  was,  however,  necessarily  slow, 
the  swamps  being  thickly  grown  with  tamarac  and  cedar,  requiring  a  large  force  of 
axmen  to  cut  out  lines.  Six  weeks  were  consumed  on  this  work,  and  it  became  evi- 
dent that  to  make  an  equally  detailed  survey  of  the  entire  ground  I  was  <iirected  to 
examine  would  require  more  than  double  the  time  at  my  disposal.  From  this  point, 
therefore,  a  system  was  adopted  involving  less  accuracy  of  detail,  but  which,  it  is  be- 
li<»ved,  has  given  results  sufficiently  close  for  present  purposes  and  generally  correct  to 
within  10  or  15  per  cent. 

All  the  lakes  encountered  were  found  already  meandered  by  the  United  States  land 
surveys,  and  from  these,  and  from  cross-sections  taken  at  sufficiently  frequent  inter- 
valR  to  determine  the  slope  of  their  banks,  their  capacity  as  holding  reservoirs  was 
determined,  the  elevation  of  their  natural  surfaces  being  of  course  in  all  instances 
obtained  by  careful  lines  of  levels  from  dara-site. 

The  swamps  lying  within  reservoir  limits  were  found  almost  without  exception  to 
have  a  tolerably  uniform  slope,  determinable  by  random  lines  of  levels  projected  into 
tbem  where  necessary.  By  this  means,  and  by  reference  to  the  land  maps,  and  verifi- 
cation of  their  indicated  swamp  areas  by  exploration,  the  difierent  flow.age  lines  were 
lira^'n  in. 

In  the  case  of  Pelican  reservoir  the  results  given  are  very  accurate  for  a  20-foot 
dam,  but  less  so  for  a  28-foot  dam.  For  the  latter  my  estimate  of  capacity  is  probably 
somewhat  too  low. 

Throughout  the  survey  a  carefully-tested  continuous  line  of  levels  was  run,  and 
finally  connected  with  the  bench  at  the  mouth  of  Manitouish,  to  which  levels  had  pre- 
viously been  run  from  the  Wisconsin  Central  Railroad,  giving  its  true  height  above 
the  sea.  My  levels  were  then  corrected  back  (in  note-books)  so  as  to  refer  all  eleva- 
tions to  sea-level. 

Bench  marks  were  established  at  prominent  points  over  the  entire  work,  clearly 
marked  for  future  reference. 

Concerning  foundation  for  dams  I  can  give  little  satisfactory  information.  No 
rock  in  place  was  anywhere  encountered.  Beneath  a  thin  deposit  of  mud  or  surface- 
soil  vras  found  in  all  cases  a  drift  formation,  consisting  of  sand  and  gravel  thickly 
interspersed  with  bowlders  of  all  sizes  up  to  10  feet  diameter,  rendering  it  impossible 
to  force  a  sounding-rod  down  to  ascertain  what  lay  beneath.  From  the  frequency  of 
side-hill  swamps  perhaps  it  may  be  inferred  that  an  impervious  stratum  of  clay  exists 
at  no  great  depth. 
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Recapitulation  of  esHifuited  cost  of  dams  and  dikes  proposed  on  the  Wisconsin  i2tr«r. 


Designation  of  reaervoir. 

• 

Pelican 

Sugar  Camp 

Otter  Rapiaa 

Twin  Lakea 

Vieux  De«»rt .'  — 

Tomahawk 

Squirrel 

Rice 

Total ' 


Coat  of  dam.  i  Cost  of  dike. 


Total. 


$35, 250  00         $27, 870  00  |62, 929  09 

7,  350  00                 812  00  8, 162  OJ 

35, 365  00  I          2, 748  00  38, 113  Ot) 

10,000  00.. 10,OOOOt| 

5,000  00  |: '  S.ftK'O" 

4,  729  00  1 4, 7i£Hi) 

14, 790  00            2, 325  00  17. 115  -.« 

24,93000  24,930i» 

137, 414  00          33.  564  00  '  170. 91^  (^ 


Table  showing  the  actual  acreagey  as  nearly  as  it  could  he  reckoned^  of  l^inds  which  would  U 

overjioued  bg proposed  dams  on  the  JViseonsin  River. 


Designation  of  reservoir. 


00 

a 
« 

p. 
§ 


S 

419 


I 

I 

a 


a 

h 
I 


a 

o 

i 
t 


I  iS 


<      ■ 

.as    . 


3 
P. 


n 


.  Acres.  <  Aere§.     Aerat,    Acres. 

Pelican 2,222  833  | i 

SngarCamp I    1,448  1        326 

Otter  Rapids i    4,692'        597  |        371    

Twin  Lakes  ■ I '  ' 

Vieux  Desert > 


Tomahawk 1       648 

•    Bqnirrel I    2,870 

lUce I        687 


215 
185 
403 


120 


Total 11,867  '    2,559 


371  I 


120 


Acre*.  1  Aeree. 
3.909 
433 
1,893 


750 
750 


1,087 

405 

1,508 


Atra 

7,  AC 

2.0 


1,500       9,415       25^.^ 


Very  respectfully,  your  obedient  serv^ant, 


Maj.  Charles  J.  Allbn, 

CaptaiUf  Corps  of  Engineers f  U.  S.  A. 


Jambs  D.  Ratnolds, 

Aseistant  Engineer. 
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APPENDIX  /. 

Tablk  III.— Saint  Croix  River. 

Discharge  in  cubic  feet  per  necond  of  the  Saint  Croix  Biver  and  trihutnries. 


Dste. 


Station. 


1879. 
Oct  14 


July  11 
Jaly  14 
Aag.29 
Aug.  14 

Ang.29 


Aug.  8 
Sep!  19 
Sept.  26 

Got.   13 


Saint  Croix  River,  at  head  of  Kettle  River  Rapids  , 

do ; 

do 

do    I 

Yellow  River,  at  Rice  Lake  dam  site.  

..do I 

Namakagon  River,  at  Yeazie's  dam  sit^ 

do 

Namakagon,  at  lower  dam  site 

do ' 

Toiogatic  River,  at  upper  dam  site | 

do I 

do    , 

Totogatic  River,  at  the  month I 

do , I 

do 1 

...-'..do 

.     ..  do ' 

£aa  Claire,  at  dam  site 

Clam  River,  at  dam  site  

Snake  River,  at  Brunswick I 

do , 

Rettle  River,  one-half  mile  above  mouth I 

do : , 

do 


o 
^^ 

o 

9 

n 


0.600 
0.600 
0.600 
0.600 
0.600 
0.600 
1.400 
1.400 
0.800 
0.800 
0.300 
0.300 
0.300 
(^300 
1.000 
1.000 
1.000 
1.000 
LOOO 
0.500 

(*) 

0.300 
0.300 
0.420 
0.420 
0.420 


1.  595.  8 

1,  595.  8 

1,595.8 

1,  595.  8 

462.1 

462.1 

288.1 

288.1 

494.0 

494.0 

130.2 

130.2 

130.2 

130.2 

199.7 

199.7 

199.7 

199.7 

199.7 

78.0 

(*) 

160.7 
160.7 
514.0 
514.0 
514.0 


I 


0.000356 
0.  000356 
0.000356 
0.  000356 
I  0.000356 
!  0.000356 
I  0.000152 
0.000152 
I  0.000350 
,  0.000350 
I 


i 


0.000015 
0.000015 
0. 000015 
0.000016 
0. 000015 
0.000031 

(*)    • 
0.,000213 
0. 000218 
0.00058 
0.00058 
0.00058 


1.351 
1.313 
1.322 
1.220 
0.457 
0.424 
1.349 
1.377 
1.676 
1.626 
0.246 
0.222 
0.202 
0.222 
L324 
1.339 
1.462 
1.356 
L363 
0.991 

(•) 

0.352 
0.341 
1.103 
L107 
L083 


2,158.7 

2,095.7 

2, 114. 1 

1,95L2 

21L1 

196.2 

38&8 

396.9 

77&4 

803.  £ 

32.1 

28.9 

26.3 

29.0 

264.4 

267.4 

27a  6 

270.9 

272.2 

72.4 

103.6 

56.6 

M.9 

564.7 

569.0 

53L1 


*  Low- water  measured  weir. 
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Table  XV, — Saint  Croix  River. 

Elevations  and  slopes  on  Totogatic  and  Eau,  Claire  rivers. 


Point  of  observation. 


Totogatic  River. 

Limit  of  upper  reservoir 

Indian  Crossing 

Upper  dam  site 

Blackbiim's  Crossing 

Montb  of  Eagle-nest  Creek 

Hoath  of  Cranberry  Creek 

Gilmore  Lake  dam  site 

Hoath  of  Chicorg  Creek 

Mouth  of  Totogatic  River 

Eau  Claire  River. 

Second  Eau  Claire  Lake 

First  Eau  Claire  Lake  dam  site 

Six  miles  below  dam  site  

At  Antoine  Gordon's    

At  mouth  of  Ban  Claire 1,008 


proximate  eleva- 
on  above  the  sea. 

le  elevation  above 
the  sea. 

1 

i 

1 

• 

3 

1 

J 

J 

a 

1 
tal  distance. 

pe  per  mile  from 
last  point. 

pe  per  mile  on  to- 
tal distance. 

^_ 

£ 

& 

o 

H 

•5 

1 

5 

J2 

p 
S5 

HOtt-UUe*: 

Feet. 

Feet 

1,255 

1 

1 

1,246  , 

9  , 

9 

^ 

2 

2 

"4.5 

4.5 

1,241 

6 

14 

8 

10  ' 

0.6 

L4 

1 

1.168 
1,003 

73  , 
165 

87 
252 

4 

17 

1 
14  ' 

31 

1&2 
9.7 

6.2 

8.1 

984 

19 

271 

8 

39  , 

2.4 

6l9 

975 

9 

280 

4 

43 

2.2 

6.5 

958 

17 

297 

6 

49 

2.9 

&0 

918 

1, 122 
1.119 

40 

337 

10 

69 

4.0 

6.7 

« 

1 

3 

3 

3 

3 

1.0 

1.0 

1,073 

46 

49 

7 

10 

6.6 

4.9 

1, 012  ^ 

61 

110 

7 

17 

8.7 

6.5 

1,008 

1 

4 

114 

h 

17i 

&0 

6.5 

1 
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ElevaHan  and  slopes  on  Yellow  and  Namakagon  Riven, 


Point  of  observation. 


TeUow  Bioer. 


Had  Lake  dam  site 

Rioe  Lake  dam  site 

Yellow  Lake  dam  site. . . 
Ifoiith  of  Yellow  River. 


Nafnakagon  River. 


Little  Packwawance 

Hoath of  Chippenacia  Creek. 

Moath  of  Bprinji;  Brook 

Mouth  of  Jordan  River 

Yeazie's  dam  site 

Mouth  of  Stunts  Brook 

Mouth  of  McKenzie  Brook  . . 
Mouth  of  TotogAtic  River  . . . 

Lower  dam  site 

Mouth  of  Namakagon  River. 


>  9 

•a  • 


AM 


908 


► 

I 

a 

o 


1,085 
960 
928 


1,216 

1,115 

1.068 

1,058 

1,039 

952 

944 

018 

017 


I 


116 
41 
40 


103 

47 

10 

10 

87 

8 

26 

1 

9 


S3 

a 

o 
H 


116 
157 
197 


103 
150 
160 
179 
266 
274 
300 
301 
310 


20 

28 

7 


16 
6 

li 

8 
14i 

3 
10 

1 

4 


S 

a 

S 
•3 

I 


20 
48 
55 


S        0 

8  9 


Feet  Ftti 


&8 
L5 
5.T 


16 
22 
23i 

46 
49 
59 
60 
64 


&4 

7.9 
6.6 
2.4 
6.0 
2.6 
2.6 
LO 


it 

V 
I? 


a 

if 
if 

a 

i: 
4- 


Kltvations  and  slopes  on  Snake,  Kettle,  and  Clam  rivers. 


Snake  River. 


Mouth  of  Knife  River  . . 

Mouth  of  Ann  Kiv»»r 

Moutii  of  Ground  House 

At  Chenf;watana 

Mouth  of  Snake  River. . 


964 
943 
940 
929 


790 


Kettle  River. 


Northern  Pacific  Railroad  crossing 1 1, 299 

Willow  Rivor.  on  8L  Paul  and  Buluth  Rivilroad .  [ •    1, 023 

Kettle  Riv<T  Statiim I i    1, 016 

Mouth  of  Kettle  River 816  i 


Clam  River. 


>f  proposed 
i-aite 


reservoir- 


Limit  of 

At  dam- 

At  Saint  Croix  Road  Crossing 

Mouth  of  Clam  River 


967 
947  < 

881  I 


866 


21 

3 

11 

139 


276 

7 

200 


21 

24 

35 

174 


276 
283 
483 


5 

4 
23 
12 


5 

9 

32 

44 


36 

5 

83 


36 
41 
74 


4.2  i- 

0.75  : 

0.5  1 

11.6  * 


4.  ( 

1.4 
6.6 


20 

20 

10 

10 

2.0 

'J 

66  1 

86 

IB 

33 

&0 

J 

15  ' 

101 

6 

29 

2.5 

13 

Klevation  of  xcater-surface,  at  ordinary  stage,  of  various  points  on  the  Saint  CroU  2&V 

mth  slope  per  mile. 


Upper  Saint  Croix  Lake 

M!outh  of  Moose  River 

Mouth  of  Namakagon  River. 

Mouth  of  Yellow  River 

Mouth  of  Clam  River 

Head  of  Kettle  River  Rapids 

Mouth  of  Kettle  River 

Foot  of  Kettle  River  Rapids 

Month  of  Snake  Biver 

Bush  Citv  Ferry 

Taylor's  t'alls..* 

Stillwater 


908 
888 
866 
850 
816 
801 
790 


1,010 
1,001 


773 
679 
662 


9 
93 
20 
22 
16 
34 
15 
11 
17 
04 
17 


9 
102 
122 
144 
160 
194 
219 
230 
247 
341 
358 


21 
17 
12 
13 
0 
2 


3 


3 
12 
30 
29 


I 


21 
38 
50 

e2 

71 

73i 

75 

78 

90 

120 

14a 


0.4 
5.5 
17 
18 
18 
IX  S 
lOwO 
3.8 
14 
3.1 
&6 


C.4 

ti 

h 

Jt  * 

li 
I* 

If 

u 
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APPENDIX  / 

Table  VII.— Saint  Croix  Rivkr. 

Milei  of  telegraph  line  required  to  connect  the  Saint  Croix  eyetem  of  reaervoir9, 

Ifiles. 

Pine  City,  on  Saint  Panl  and  Duluth  Railroad,  to  dam  on  Ground  House 24 

Pine  City,  on  Saint  Panl  and  Duluth  Railroad,  to  dam  at  Chengwatana 2 

Cbengwatana  to  dam  on  Saint  Croix,  at  head  of  Kettle  River  Rapids 14 

Head  of  Kettle  River  Rapids  to  dam  on  Yellow  Lake 14 

Yellow  Lake  to  dam  on  Namakagon,  below  the  mouth  of  Totojzatic  River 18 

Mouth  of  Totogatic  to  dam  on  Saint  Croix,  below  Lake  Saint  Croix 14 

Branch  ^offset)  to  dam  on  Totogatic,  below  Gilmore  Lake 5 

Lake  Samt  Croix  to  dam  at  outlet  of  Eau  Claire  Lake 19 

Ean  Claire  Lake  to  dam  on  Upper  Totogatic ••  - .- 9 

Month  of  Totogatic  to  dam  on  Namakagon,  at  Veazie's 21 

Yellow  Lake  to  dam  on  Clam  River,  below  Clam  Lake 10 

Clam  Lake  to  dam  on  Yellow  River,  below  Rice  Lakes 10 

*  Total 160 

Making  Pine  City,  on  the  Saint  Panl  and  Duluth  Railroad,  the  headquarters  offioe 
of  the  system,  this  point  being  64  miles  distant  from  Saint  Paul. 


APPENDIX  *. 


Tabls  VIII. — Saint  Croix  River. 


Liei  of  lande  and  app/roanmate  areas  which  will  he  overflowed  by  proposed  reservoirs  on  Saint 

Croix  River  and  tributaries. 


[Omitted. 
64-74.] 


House  Ex.  Doc.  No.  39,  Forty-sixth  Congress,  second  session,  pp. 


Summary  of  lands  and  approximate  areas  which  will  he  flowed  hy  proposed  reservoirs  on  the 

Saint  Croix  River  and  tributaries. 


Location. 


Df  BTATB  OF  WlBCONSm. 


Rio«  Lakes 

Yellow  Lake 

Clam  LakA 

Head  of  Kettle  River  Rapids 

Veasie's 

Upper  Salofe  Croix 

Liower  Namakagon 

£au  Claire  Lake 

tipper  Toto^atio 

Gilmore  Lake 


a  STATI  OV  HDQIUOTA 


Chen  ip^ratana . . 
Oroand  House . 


Total 


Swamp  I    School      Entered 
lands.        lands.        lands. 


Aere».  '    Aere». 

023  '  400 

S41  ! 

1,246  I 

5,645 

120  ' 

9,894 


40 

234 

2,216 

120 


1«840 
1,440 


85 


239 
160 


I 


238 


709 
640 


Acre*, 
123 
578 
709 
2,352 
183 
180 
380 
365 
280 
40 


15,912 
5.857 


24,259;        2,471         26,522 


Railroad 
lands. 


Aeres. 

1,829 


4,353 
160 
2,633 
2,064 
4,911 
1,008 
8.051 
3,382 


1,078 
160 


25,624 


United 
States 
Isnds. 


Aeret. 

949 
4,573 
2,579 

219 
8,031 
1,761 
4,732 

926 

860 
3»974 


195 
80 


At  each  res- 
ervoir, to- 
tal lands. 


28,879 


Aert9» 
8,924 
5,992 
8,972 
8,376 
5,967 
14,799 
10,303 


5,907 
7,764 


19,729 
7.677 


102,092 


KOTX.— Approximately  correct. 
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ElevatUyn  and  slopes  an  Yellow  and  Xamakagon  Rivers, 


■3 


M 


Point  of  oboeiTatioii. 


TeUow  River. 


Hud  Lake  diun  site 

Rice  Lake  dam  site 

Yellow  Lake  dam  site. . . 
Month  of  Yellow  River. 


l| 

8cB 


888 


Nanudtagon  JHver. 


Little  Pnckwawance 

Month  of  Ghippenacia  Creek . 

Month  of  SpnnK  Brook 

Month  of  Jordan  River 

Yeazie's  dam  site 

Month  of  Stunts  Brook 

Month  of  MoKenzie  Brook  . . 
Month  of  Totog'atio  River  . . . 

Lower  dam  site 

Mouth  of  Namakagon  River. 


908 


9 

> 

I 

g 


1.085 
969 
928 


1,218 

1,115 

1,068 

1,058 

1,039 

952 

944 

918 

917 


116 
41 
40 


103 
47 
10 
10  i 


8  I 
26  ' 
1 
9 


o 
H 


3 

I 


116 
157 
197 


20 

28 

7 


103 
150 
160 
179 


87       266 


274 
300 
301 
310 


16 
6 

8 

IH 

3 

10 

1 

4 


s 

I 

« 

3 

o 


20 
48 
56 


16 
22 
234 

31* 
46 

49 

50 

60 

64 


I 

Si 
si 

I 


5i8 
L5 
5l7 


6L4 

7.9 
&6 
2.4 
6L0 
2.6 
2.6 
LO 
2.2 


a 

o 

«i 

■ 

O 


Feet   Fhl 


if 


4.1 
&( 

if 

S.1 


Eltvations  and  slopes  on  Snake,  Kettle,  and  Clam  rivers. 


Snake  River. 


Mouth  of  Knife  River  . . 

Mouth  of  Ann  River 

Mouth  of  Ground  House 

At  Chongwatana 

Mouth  of  Snake  River. . 


Kettle  River. 

Northern  Pacific  Railroad  crossing 

Willow  Riv(«r.  on  St.  Paul  and  Dnluth  Railroad 

Kettle  River  Station  

Mouth  of  Kettle  River 


790 


964 
943 
940 
929 


816 


€lam  River. 


Limit  of  proposed  reservoir. 
At  dam-site 


At  Saint  Croix  Road  Crossing 
Month  of  Clam  River 


-f 


866 


1,299 
1,023 
1,016 


967 
947 

881 


21 

3 

11 

139 


21 

24 

35 

174 


5  I  5 

4  >  9 

23  32 

12  ,  44 


4.2 
0.75 
0.5 
11.6 


1     276 

276 

36 

36 

7.7 

7 

283 

5 

41 

L4 

200 

483 

33 

74 

6.6 

4^ 


it 


I- 






20 

20 

10 

10 

2.0 

*    « 

66 

86 

13 

23 

&0 

XT 

15 

101 

6 

29 

2.5 

V. 

Elevation  of  icater-surfacSf  at  ordinary  stnge,  of  various  points  on  the  Saint  Croix  Biwr. 

tvith  slope  per  mile. 


ITpper  Saint  Croix  Lake 

M!outh  of  Moose  River 1 

Month  of  Kamakagon  River |        908 

Mouth  of  Yellow  River I        888 

Month  of  Clam  River I        866 

Head  of  Kettle  River  Rapids 860 

Mouth  of  Kettle  River ,        816 

Foot  of  Kettlto  River  Rapids  801 

Mouth  of  Snake  River 790 

Rush  City  Ferry 

Taylor's  Falls 

Stillwater 


1,010 
1,001 

9 

93 

20 

22 

16 

34 

15 

11 

773 

17 

679 

94 

662 

17 

9 
102 
122 
144 
160 
194 
219 
230 
247 
341 
358 


21 
17 
12 
12 
9 


l\ 


3 
12 
30 
29 


21 

38 

50 

63 

71 

73i 

75 

78 

90 
120 
149 


0.4 

^4 

5i.5 

3.1 

L7 

15 

1.8 

13 

1.6 

13.6 

1» 

lao 

1\' 

3.8 

li» 

1.4 

3.1 

11 

Ol6 

14 

„_ 
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Elevatloxfe 
in  feeU 

Water  iu  Lost  Lake 1,  385. 

Water  at  mouth  of  Little  Chief  River 1,287.^ 

Water  in  Little  Chief  River  at  J.  D.  Haywood's  dam 1,292.7 

Water  above  dam 1,293.8 

Water  in  Crane  Lake o  1,300.7 

Water  in  Chief  Lake i 1,295.7 

Water  in  Large  Lake,  in  sections  26,  27,  34,  35,  township  40,  range  7  west. . .  1, 305. 9 

Water  in  Small  Lake,  in  sections  34,  35,  township  40  north,  range  7  west.. .  1, 306. 9 

Water  in  Pokesama  Lake 1, 290. 5 

Water  in  WestTork  Chippewa  River  above  rapids,  near  dam  site 1, 286. 0 

COURTS  OREILLES. 

Water  in  Lake  Courts  Oreilles 1,287.2 

Water  in  Grindstone  Lake 1,287.6 

Water  in  Island  Lake 1,292.0 

Water  in  lake  in  sections  34,  35,  township  40  north,  range  9  west 1, 290. 6 

Water  in  lake  in  section  34,  township  40  north,  range  9  west 1, 292. 9 

AVater  in  Fish  Lake 1,288.7 

Water  in  Sand  Lake 1,301.1 

Water  in  Little  Sand  Lake 1,303.8 

Water  in  Flat  Lake 1,320.3 

W^ater  in  Little  Conrts  Oreilles  Lake,  below  dam  site 1, 286. 4 

Water  in  Small  Lake,  section  33,  township  40  north,  range  8  west 1, 299. 7 


APPENDIX  r. 

Table  VII.— Chippewa  River. 

Table  of  diatanoea  from  Eau  Claire,  by  watet\ 
To—  Miles. 

Paint  Creek  dam  site 19 

Pa-kwa- wane  dam  site 116 

Little  Chief  Lake  dam  site 116.5 

Conrtcs  Oreilles  dam  site 118 

Moose  Lake  dam  site 130.5 

Bear  Lake  damsit« 131 

Butternut  Lake  dam  site 145 

Ronnd  Lake  dam  site 172 

Sqnaw  Lake  dam  site 179.5 

Park  Lake  dam  sit-e 191.5 

l$ear  Creek  dam  site 196.5 

Rest  Lake  dam  Hite ii21.5. 


APPENDIX  a. 

Table  VIII. — Chippewa  River. 

Table  of  lengtha  of  ^^  telegraph  line"  neoeaaary  to'be  conatrucied  to  connect  ihepropoaed  dam 
itites  at  the  different  rcservoira  at  the  aourcea  of  the  Chippeioa  Hirer  tcith  the  neareat  tele- 
graph line, 

*  '  Miles. 

Chippewa  Crossing,  on  line  of  Wisconsin  Central  Railroad,  to  Bear  Lake 16 

Bear  Lake  to  Little  Chief  Lake 12 

Little  Chief  Lake  to  Pa-kwa-wang 3 

I'a-kwa-wang  to  Moose  Lake • 9 

Pa-k wa-wang  to  Courtes  Oreilles 16 

Bo  ttemnt,  on  line  of  Wisconsin  Central  Railroad,  to  Bnttemat  Lake 6 

Fifield,  on  line  of  Wisconsin  Central  Railroad,  to  Ronnd  Lake 17 

Round  Lake  to  Squaw  Lake ^ 

Squaw  Lake  to  Bear  Creek 12 

Bear  Creek  to  Park  Lake ^ 

Bear  Creek  to  Rest  Lake 9 

Chippewa  Falls  to  Paint  Creek \ 4 

Total lia 
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APPENDIX  t 


Table  IX. — Chippewa  River. 


X/iti  of  lands  and  approxitnaU  areas  which  will  he  overflowed  bjf  proposed  reservoirs  on  ikt 

Chippetoa  Jtiver  and  tributaries. 

[Omitted.    See  House  Ex.  Doc.  No.  39.  Forty^sixth.  Congress,  second  session,  pp. 
68-M.] 

Summary  of  lands  damaged  at  the  reservoirs  on  the  Chippewa  Biver  and  its  Mbutariei, 


Vame  of  reservoir. 


Bear  Lake 

Little  Chief  Lake. 

Moose  Lake 

Pa-kwa-waaff 

Conrtea  Or^es.. 

Paint  Creek 

Buttemat  Lake  . . 

Park  Lake 

Beat  Lake 

Bear  Creek 

Bound  Lake 

Sqnaw  Lake 


Total. 


Lands  belonging  to  State 
of  Wisoonsin. 


Lands  belonging  to  private 
parties  and  corporations. 


CO 


Acres. 
720.00 


1,000.00 


I 


Acres. 
120.00 


652.54 
547.03 
614.17 
217.00 


200.00 
520.00 
286.75 


275.00 


14, 161 00  X  699. 00 


2, 750. 00 
1,960.00 


440.00 
425.00 


22,625.64  3,965.75 


3 

o 
H 


g 


Acres,  i 
840.00 


1,200.00 
520.  OO! 
286.75 
652.541 
547.93 
614. 17 
402.001 
15, 863.  OO; 

3, 190.  OO! 

2, 885. 00 


Acres. 
4,230.00 
2, 603. 91 
2, 520. 00 
5,069.18 

925.95 
2,236.56 
1, 472. 49 

121.88 
3.233.00 
1, 320. 00 
2.  405l  00 

775.00 


26,501.3927,902.97 


United  Stotea  and  ladin 
reserve  lands. 


o 


I        rs 


o 
6h 


Acres. 


1,440.00 

7, 274. 78 

3,364.03 

200.79 

607.74 

288.90 

41.00 

2,521.00 

757.00 

1, 400. 00 


Acres. 
4, 230. 00 
2,693.91 
3,960.00 
13, 243. 91 
4,200.88 
2.437.33 
2,080.23 
410. 78 
3,274.00 
3,841.00 
3.162.00 
2,175.00 


e 
OO 


9 


Acres. 


060.00 
1,658.53 


Acres.      Aerti 


.1      »  < 
7,37a»4  O.OST.e 


2,10&87;  3,4ia91   0,513. 


333.10 
2,067.30 


333.1 


3,657.00' '  3.«ST.« 


4,842.00 
604.00 
135.00 


U,  687. 00 16,  Si. 

J      »4.t> 

240.001      sTi.i 


17, 896. 09  45, 790. 06 16. 366.  O0|22, 71S.  8519. 0S.» 


NOTB. — Approximately  correct 
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APPENDIX  V. 

Table  II.— Wwconsin  River. 

IA$t  of  lands  and  approximate  areas  which  will  he  overflowed  by  proposed  reservoirs  on  the 

Wiseonsin  River. 

[Omitted.     See  House  Ex.  Doc.  No.  39,  Forty-sixth  Congress,  second  session,  pp. 
9H-105.] 

SUMMABT  BY  BESEBYOIHS. 


Overflowed  lands. 


Deaignation  of  reservoir. 


Pelican 
Suj^ar  Cam 
Otter  Rapi( 
Tomahawk 
Squirrel. . . 
Kire 


'£ 


Total 

Grand  total 


I 

h 


h 

p.g 

P.«3 


(8 

I 

O 

P4 

u 

1    a 

9  . 

*  s 

Indi 
tion 

^t 

Military 

• 

V 

.a 
P« 


S 
II 


Acres. 
2,500 
1,678 
8,721 
1,223 
3,280 
1.497 


1,024 
1,270 
6.142 
2,965 
360 
648 


Acres.    Acres.  >  Acres,    Acres. 


8,275 

•      1,257 

3,456! 11,149 

5, 722 

1,220 

*      2.969 


16,899     13,009  '    3,456 


996 


30,612 
04,972 


Note.— Approximately  correict. 


APPENDIX  w. 


RESERVOIRS. 


Existing  sluicing  dams  on 

posed  dam 


Chippetoa  and  Wisconsin  rivers  and  trihutarieSf  at  or  near  prO' 
siteSf  where  surveys  for  reservoirs  have  been  made. 


Xame  of  stream  upon  which 
located. 


T.<ocation  of  dam. 


'  Parties  to  whom  charter  |  j>  ^ 
I  was  granted.  "^  5 


LHtle  Chief  River 

Round  Lake 

Court es  Oreilles  River 

Bnttcmnt  Creek* 

Bear  X^ake  * 

Near  Moose  I^ke  * 

West  Fork  Chippewa  River* 
Oatlet  of  Pokegama  Lake  * . ' 

Pelican  Dam  *t 

Otter  Rapids  * : 


I 


N£.  i  section  26,  township  40  north,  {  A.  7.  Hayward  and  W.  £.     1879 

range  7  west.  |      McCofd. 

Section  23,  township  40  north,  range  3  i  Henry  Howett  and  Eric     1878 

east  '      McArthnr. 

East  of  east  line  of  township  38  north,  |  Fredric  O.  Stanley,  Emorv     1878 

range  8  west.                                        |      D.  Stanley,  Burt  E.  Reid. 
Section  18,  township  40  north,  range  1  ' 

west.                                                     , 
Section  26,  township  41  north,  range  4    

west.                                                       ; 
Section  14,  township  41  north,  range  6  ■ 

west. 
Section  32,  township  42  north,  range  5 

west. 
Section  32,  township  40  north,  range  6 

west. 
Section  6,  township  36  north,  range  9 

east 
Section  36,  township  40  north,  range  9 

east 


*  Can  find  no  record  of  charters  granted  for  dams  at  these  locations, 
t  Flowage  on  Wisconsin  River.  ^Principal  flowage  on  Eagle  River. 
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BESEBYOIRS. 


Table  of  waterthedi  tributary  to  (he  Mi$9i89ippi  Biver  above  the  Ohio,  takemfnm  GomtoI 

Warren*8  report  on  bridging  the  Miseiseippi  River, 


Nune. 


I  • 

8 


lilnnesota  Biver 

Whetstone  or  Isuza  Biver  . . 

Yellow  Banks  Birer 

Ponune  de  Texre  Biver 

I<ac-qui>parle  Biver 

Chippewa  Biver 

Yellow  Medicine  Biver 

Chetomba  or  Hawk  Creek  . . 

Bed  wood  Biver 

Beaver  Creek 

Biff  Cottonwood  Biver 

Little  Cottonwood  Biver. . . . 

Blue  Earth  Biver 

Cherry  Creek 

Little  Le  Saenr  Biver 

Bush  Biver 

High  Island  Creek 

Sand  Creek 

Carver  Creek 

Credit  Biver 

Nine-Mile  Creek 

Mississippi  Biver 

Saint  Crouc  Biver  and  Lake. 

Vermillion  Biver 

Trimbelle  Biver 

Cannon  Biver 

Isabelle  Biver 

Bash  Biver 

Chippewa  Biver 

Beef  Biver 

Zumbro  Biver 

Whitewater  Biver 

Baglo  Creek 

BoUing  Stone  Creek 

Tremplleau  Biver 

Black  Biver 

La  Crosse  Biver 

Boot  Biver 

Baccoon  Creek 

Crooked  Creek 

Badaxe  Biver 

Upper  Iowa  Biver 

Paint  Creek 

Yellow  Biver 

Wisconsin  Biver 

Turkey  Biver 

Grant  Kivor 

Platte  Biver 

Little  Makoqueta 

Catfish  Creek 

Big  Menomonee  Creek 

Sinslnawa  Creek 

T6te  de  Mort  Creek 

Fever  Biver 

Mill  Creek 

Makoqueta  Biver 

Apple  Biver 

Bush  Creek 

Plum  Biver 

Wapsipinicon  Biver 

Bock  River 

Copperas  Ci*eck 

Iowa  Biver 

Edward's  River 

Pope  Creek 

Henderson  River 

Flint  Creek 


310 

110 

340 

960 

'     830 

1,070 

650 

470 

770 

240 

080 

245 

3,350 

67 

144 

102 

75 

234 

100 

140 

42 

21.600 

7,568 

237 

95 

1,639 

73 

183 

9,602 

452 

1,366 

382 

158 

136 

700 

2,880 

463 

1.686 

139 

70 

180 

939 

70 

279 

11,860 

1,679 

289 

306 

150 

75 

32 

50 

45 

185 

35 

i;863 

245 

85 

280 

2,490 

10,690 

25 

12, 250 

43 

135 

625 

165 


o 


310 

420 

760 

1,720 

2,550 

4,520 

5,170 

6,640 

6,410 

6,650 

7,630 

7,875 

11,225 

11,282 

11,426 

11,628 

11,603 

11,837 

11,937 

12,077 

*12, 119 

33,719 

41,287 

41, 524 

41.  619 

43,258 

43,331 

43,514 

53,116 

53,568 

54,934 

55,316 

65,474 

55,610 

56,310 

59,190 

50,653 

61,386 

61, 477 

61,547 

61,727 

62,666 

62.736 

63,015 

74,865 

76,544 

76.833 

77, 139 

77,289 

77,364 

77,398 

77,446 

77, 491 

77, 676 

77,711 

79,  514 

79. 819 

79,904 

80,184 

*<2,  674 

93,364 

93.389 

105,  639 

105.  882 

105,  817 

106,442 

106,607 


30 
6 

13 

15 

10 

20 
1 

20 
2 

37 
4 

16 

15 
7 
2 
6 

18 
1 

15 
2 
9 

30 
3 
9 
5 
6 
4 

18 
9 
9 
1 
9 
8 


3 

7 

3 

25 

4 

7 

21 

13 

6 

3 

7 

4 

4 

1 

3 

I 

09 

4 

4 

2 

6 

28 

25 

26 

15 

2 

4 

18 

4 


s 

s 
I 


30 

36 

49 

64 

74 

94 

95 

115 

117 

154 

158 

174 

189 

196 

198 

304 

222 

223 

238 

240 

249 

279 

282 

291 

296 

301 

305 

323 

332 

341 

342 

351 

357 

10  ,    367 

18       885 

....      385 

4  i    389 

7  I    396 


399 
406 
409 
434 
438 
445 
466 
479 
4«5 
488 
495 
490 
503 
504 
507 
514 
521 
525 
527 
533 
561 
586 
612 
627 


•a 
I 


*& 


B.B. 
B.B. 
B.B. 


J 

k3 


R.B. 

bIr 

"rb." 

RB.* 
B.B. 
R.BL 
RBL 
B.& 

LB 

LB. 

Li 


B.R 

B.R 

bIb." 

RR 


RR 
RR 

RR 


RR 

Irr' 

'RR 
RR 
RR 

RR 


RR 
RR 


LB. 
LB 

LB 

LB 

LE 
LB 

LB 

LB 
LB 
LB 
LB 


LB 

LB 
LB 
LB 

LB 

*LB 


633 
651 
665 


LR 

LR 

LB 


LK 

LR 

RR    . 

LR 

RB 

RB 

LR 

LR 

LR 

BB  •«•«•« 

L  R. 

LR 

BB 

U  R 

L.R. 

LF. 

BB 


*  Total  of  Minnesota  rivers. 
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Tabte  of  walenhedi  tribularg  to  Ihe  Miniiiippi  Eirer  abort  the  Ohio,  <f*c. — ContinnwL 


UcnouAldaCrMk.. 


Bitlib'a  CTMk  . . 


Dinlenne  CrMk  . . 

Illlnni*  Klver 

BLk  Plus  Cnvk  . 
mImdiiH  River  ... 

Cihokia  Creek!!'.! 


I'M,  ill 
I0S.T7B 

1»!203 
lM,«ira 

12>i«SS 

i«e,7Si 

129.S71 
132.  W4 


EajCle  Crrek  . 


Hin  Muddy  Biie] 


2,»5'    «S2.»ftl 


I.B. 

U  9- 
EXPERIMENTAL  DAM  AT  LAKE  WINNIBIGOSHISH. 


CoiigrcsH,  by  act  approved  June  14,  1880,  appropriated : 


rtbe 


at  the  headwaters  of  the  ]M 
Lake  WiDnibifi^bUb,  i 


a  the  CI 


n  1881881  p|ll 

.  Bventy-livo  tliousand  doliare;  Provided, 
;  all  iiMnries  occasiooed  to  iudividualH  by  overflow  of  tlicir lands  Bhall  be  ascer- 
tained and  determiDed  by  agreement,  or  iu  accorduico  with  tlie  hivtn  of  Hintiesota, 
null  shall  not  exceed  iu  the  aggref^te  fire  thounaml  doUars. 

An  examination  of  the  site  was  made  dnriup:  the  mouth  of  June,  last, 
aiKl  (lata  collected  from  which  to  prepare  detailed  plans,  drawings,  and 
estimates.  It  is  proposed,  with  the  funds  appropriated,  to  construct  a 
dam  of  timber  and  earth,  to  have  a  lift  of  about  16  feet  above  low- water ; 
the  work  to  be  performed  by  day  labor  aud  purchase  of  materials  in 
(k)>eii  market,  it  not  being  possible  to  iiredict  quantities  of  material,  or 
iiisnre  no  variation  in  mode  of  construction,  from  day  to  day,  so  afl  to 
warrunt  entering  into  contract  for  the  same.  It  is  expected  that  the 
amonnt  ai>}>ropriated  will  complete  this  dam;  bencc,  no  estimate  is 
reiiilered  for  future  work.  As  the  appropriation  for  this  dam  may  be 
regarded  as  the  initiative  for  a  trial  of  the  proposed  reservoir  system  at 
C  lie   sources  of  the  Mississippi,  Saint  Croix,  Chippewa,  and  Wia 


f 
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rivers,  to  ameliorate  the  damage  from  floods,  and  to  improve  tlie  low 
water  navigation  of  thoae  streams,  and  ultimately  of  the  MissiBsippi 
Biver  for  some  distance  below  Saint  Paul,  it  will,  in  addition  to  the 
maintenance  and  oi)eration  of  this  dam,  be  necessary  to  observe  its  ef 
feet  upon  a  limited  portion  at  least  of  the  river  below  it.  To  carry  this 
out  and  care  for  the  ^*  plant"  will  require  for  the  fiscal  year  ending  Jiinf 
30, 1882,  at  least  $6,000.  In  the  original  estimates  for  the  reservoirs  it 
is  assumed  that  for  the  first  ten  years  the  dams,  if  well  built,  can  k 
kept  in  repair  for  15  per  cent,  of  their  original  cost.  The  sum  above 
named  is  far  below  the  15  per  cent. ,  It  is  probable  that  a  special  reiwn 
upon  this  work  will  be  submitted  in  time  for  the  consideration  of  thf 
next  Congress.  No  important  benefits  to  navigation  or  other  interests 
can  be  expected  from  this  single  dam. 

Tliia  work  ia  in  the  collection  district  of  Minnesota.  Daluth,  Minn.,  is  tlie  nearp> 
port  of  entry,  at  which  place  the  revenues  collected  for  the  fiscal  year  ending  Jnne;* 
IddO,  amounted  to  $1,9  64.5 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 §75,  wi'  >> 

July  1,  1880,  amount  available 75jn>" 


U  10. 

survey  of  the  mississippi  river  from  saint  paul  to  the  nu: 

of  saint  anthony,  minnesota. 

Engineer  Office,  United  States  Army. 

Saint  Paul^  Minn.j  April  15,  iSJ!*' 

General  :  I  have  the  honor  to  present  the  following  report  of 
survey  of  the  Mississippi  River  from  Saint  Paul  to  the  Falls  of  Sai? 
Anthony,  made  in  obedience  to  the  requirements  of  section  2,  act » 
Congress,  approved  March  3,  1879 : 

No  continuous  government  survey  of  this  piece  of  river  seems  to  ha^- 
been  made  since  1867,  so  that  the  maps  now  x>re8euted  are  valna^^ 
as  showing  its  condition  to  date. 

The  survey  extended  from  the  lower  highway  bridge,  at  Miiineapol> 
to  the  Saint  Paul  and  Sioux  City  Railroad  Bridge,  at  Saint  Paul,  a  il'^ 
tance  of  about  13  miles.  The  approximate  low-water  fall  between  tlit'?' 
X)oint«  is  45  feet. 

The  channel  between  Minneapolis  and  Saint  Paul  is  divided  by  sev 
eral  islands,  and  occupied  by  log  and  sheer  booms,  cribs,  t^o.  '^^^ 
above  the  junction  of  the  stream  with  the  Minnesota  River  is  tlie  Fort 
Snelling  Bridge.  A  few  miles  above  this  bridge  is  the  site  of  the  brid^f^ 
(under  construction)  of  the  Chicago,  Milwaukee  and  Saint  Paul  Kai! 
way  Company.  The  channel  at  low-water  is  very  shoal,  and  the  bed  o: 
the  river,  for  several  miles  below  Minneapolis,  paved  with  waterlogged 
slabs  and  edgings,  refuse  from  the  mills  at  Minneaiwlis.  There  is  no 
steamboat  traffic  between  Saint  Paul  and  Minneax>olis,  exceptinjr  that 
occasionally  a  small  light-draught  steamer  makes  an  excursion  a«  (^ 
up  as  Fort  Snelling.  Therefore,  no  estimates  for  improvement  are  s«b 
mitted  herewith. 

Congress,  by  act  approved  July  23,  1868,  granted  to  the  State  of  3IiD 
nesota  certain  sections  of  public  lands  to  aid  in  the  construction  of  a 
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lock  and  dam  at  Meeker's  Island.  Subsequently,  by  act  approved  March 
3, 1873,  Congress  appropriated  towards  the  construction  of  the  lock  and 
dam  the  sum  of  $25,000,  with  the  proviso : 

■  That  all  rights  and  claims  in  and  to  the  land-grant  made  to  the  State  of  Minnesota 
for  the  above  work  by  act  approved  July  23,  186<S,  shall  be  fully  relinquished  to  the 
United  States  before  any  of  this  appropriation  is  expended. 

Xo  satisfactory  relinquishment  has  a«  yet  been  made  to  the  United 
States. 

The  report  of  Assistant  Terry,  together  with .  two  tracings  of  map  of  • 
survey  on  scale  of  1  inch  to  400  feet,  is  submitted  herewith. 
Very  respectfully,  your  obedient  servant, 

Ghas.  J.  Allen, 

Captain  of  Engineers, 
Brig.  Gen.  H.  G.  Wbight, 

(Jhief  of  Engineers^  U.  S,  A. 


report  of  mr.  frederick  terry,  assistant  engineer. 

Engineer  Office,  United  States  Army, 

Saint  Paul,  Minn.y  April  12,  1880. 

Sir  :  I  respectfiiUy  submit  the  foUowing  report  of  the  survey  o^  the  Mississippi  River 
from  {Sain^  Paul  to  the  Falls  of  Saint  Anthony. 

In  obedience  to  your  instructions,  I  commenced  work  at  Minneapolis  on  October  27, 
1879,  with  Messrs.  J.  B.  Parkinson  and  £.  A.  Guill  as  assistants,  and  a  force  of  twelve 
laborers.  The  field  of  work  was  between  points  established  by  previous  United  States 
surveys  at  Minneapolis  and  the  survey  made  under  direction  of  Maj.  F.  U.  Farquhar, 
which  had  been  brought  up  the  river  as  far  as  the  Sioux  City  Railroad  Bridge.  Th^ 
distance  between  these  points  was  found  to  be  13^  miles.  The  work  was  completed 
and  the  laborers  discharged  on  November  11,  1879. 

The  channel  of  the  river  is  divided  by  a  number  of  islands  and  bars,  these  last  con- 
sisting principally  of  sawdust  and  edgings  from  the  saw-mills  at  Minneapolis,  with 
(4ome  gravel  and  small  rocks. 

The  current  of  the  river  is  very  rapid  through  nearly  the  whole  dist>ance  covered 
by  the  survey,  and  above  Meeker's  Island  the  cun'ent  was  found  too  swift  to  sound 
with  any  of  the  appliances  at  my  command.  The  river  below  this  point  was  sounded 
without  trouble. 

The  slope  of  the  river  from  the  lower  bridge  at  Minneapolis  to  the  Sioux  City  Rail- 
road bridge  at  Saint  Paul  is  about  45  feet  at  a  2-foot  stage.  It  was  found  impossible 
to  arrive  at  an  exact  determination  of  the  slope  on  account  of  the  fluctuation  of  the 
water,  due  to  the  manipulation  of  the  sluice-gates  of  the  water  power  at  Minneapolis. 

It  was  proposed  some  years  ago  to  construct  a  lock  and  dam  at  Meeker's  Island  for 
the  purpose  of  extending  navigation  to  the  foot  of  the  Falls  of  Saint  Anthony,  and  a 
survey  was  made  in  1873  to  base  an  estimate  of  the  expense  of  such  a  work,  but  the 
cost  was  found  to  be  so  great  that  nothing  has  ever  been  done  towards  its  construc- 
tion. I  present  no  plan  for  the  improvement  of  that  portion  of  the  river  covered  by 
the  survey,  as  there  is  no  commerce  above  Saint  Paul,  and  the  expense  of  any  such 
improvement  would  be  out  of  proporiion  to  any  benefits  it  would  at  present  confer. 
Ver>*  respectfully,  your  obedient  servant, 

Frederick  Terry, 

Assistant  Engineer. 

Capt.  Chas.  J.  Allen, 

Corps  of  Engineers,  V.  S.  A. 


U  XI. 

sirrvey  of  saint  croix  river  from  taylor^s  falls,  the  head  of 

steamboat  navigation,  to  prescott. 

Engineers  Office,  United  States  Army, 

Saint  Paulj  January  26, 1880. 

General  :  I  have  the  honor  to  report  the  results  o^  a  survey  of  the 
Saint  Croix  Biver,  Minnesota  and  Wisconsin,  made  in  accordance  with 
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autbority  from  the  Chief  of  Engineers,  as  per  letters  of  the  Uth  and 
23d  of  May,  1879. 

Early  in  August,  as  soon  as  the  stand  of  water  approached  the  low- 
water  stage,  a  party  was  organized  and  placed  in  charge  of  Assistant 
Engineer  Frederick  Terry,  assisted  by  Messrs.  J.  B.  Parkinson  and  E.  A. 
Guill,  as.sistant  engineers,  to  survey  the  river  from  Taylor's  Falls,  the 
head  of  steamboat  navigation,  to  Prescott,  at  the  confluence  of  the  Saint 
Croix  and  the  Mississippi,  the  total  distance  being  about  52  miles.  The 
operations  of  the  survey  consisted  in  the  usual  triangulataon,  meander 
iugs,  soundings,  and  gaugings  of  the  discharge ;  in  addition,  full  lines 
of  level  were  run  over  the  entire  distance,  giving  the  fall.  The  level* 
are  all  referred  to  sea-level.  The  party  returned  to  this  city  on  the  24il 
of  October,  1879,  having  satisfactorily  performed  the  duties  required. 
and  was  immediately  transferred  to  the  survey  of  the  Mississippi  be 
tween  Saint  I^aul  and  the  Falls  of  Saint  Anthony,  said  survey  havioi: 
been  ordered  by  section  2,  act  of  Congress  approved  March  3, 1871K  It 
was  considered  as  in  the  interest  of  economy  to  thus  transfer  the  partj 
Upon  the  completion  of  the  latter-named  survey,  the  party  retumeil  t<t 
Saint  Paul  and  projectetl  maps  of  the  Saint  Croix  River. 

The  course  of  the  Saint  Croix  between  Taylor's  Falls  and  Prescott  l< 
unusually  direct  for  a  stream  flowing  over  an  alluvial  bed.  But  fev 
curves  occur.  The  material  composing  the  bed  is  sand,  graveL  soiBf 
bowlders,  and  some  clay.  The  banks  are  subject  to  wash.  The  chauntl 
is  divided  by  a  large  number  of  islands,  forming  secondary  channels 
chutes,  and  sloughs,  which  are  largely  utilized  by  the  logging  inten^> 
for  storage  and  distribution  of  logs.  The  banks  are,  alternately,  bottc 
and  blufl';  the  former  about  8  to  10  feet  above  low- water;  the  latter 
rising  as  high  as  150  feet.  At  the  Dalles  the  trap  rock  rises  pmip: 
tously  from  the  water's  edge.  The  river  is  fed  by  numferous  streaav 
ranging  from  the  smallest  creeks  upwards.  The  Apple  and  Kinnicb 
nick  rivers  contribute  large  quantities  of  gravel,  and  all  of  them  men 
or  less  gravel,  sand,  and  mud.  As  might  be  expected,  freciuent  chans^ 
in  the  channel  have  occurred,  especially  after  the  spring  fi^eshets.  "^^ 
low- water  volume  at  Taylor's  Falls  is  about  1,900  cubic  feet  iier  secont 
at  McLeod's  Lake,  about  14  miles  below  the  falls,  it  is  2,300  cubic  iV 
per  second  j  and  at  the  foot  of  the  lake  about  2,800  cubic  feet  per  aeooaw 

The  average  low- water  slope  from  Taylor's  Falls  to  Stillwater,  attt 
head  of  the  lake,  is  0.005  foot  per  mile. 

The  range  of  water  surface  at  Taylor's  Falls  Landing,  below  the  Dal 
les  is  11  feet;  at  Stillwater,  16  feet ;  and  at  Prescott,  where  the  MissL-^ 
sippi  exerts  a  strong  influence,  it  is  about  22  feet.  The  stage  of  vat» 
in  the  river  is  much  aflected,  also,  by  the  operations  of  the  dams  abo^^ 
the  Dalles,  those  dams  being  used  by  loggers  for  the  purpose  of  creatin; 
a  driving  stage  for  logs.  This  has,  however,  been  referred  to  in  ni) 
report  of  December  9, 1878,  upon  the  Saint  Croix. 

The  obstructions  to  navigation,  viz,  piers,  snags,  leaning  trees,  bo^^ 
ders,  sand-bars,  &c.,  are  also  referred  to  in  that  report  and  in  precediD£ 
ones. 

The  stream  is  navigated  by  steamers  and  barges;  and,  in  additioii. 
by  rafts  below  Stillwater. 

Three  feet  to  3  J  feet  depth  in  the  channel  at  lowest  water  generallj 
satisfies  the  wants  of  steamers  plying  above  Stillwater.  To  insure  the 
depth  required  the  low-water  width  of  the  stream  must  be  contracted 
at  a  number  of  points  to  400  feet. 

The  survey  commenced  at  the  Dalles  Bridge,  although  a  bench  mtf^ 
was  established  at  a  point  on  the  Minnesota  side  about  4,000  feet  above 


APPKNDIX   U.  1663 

the  bridge.  From  that  point  to  the  Taylor's  Falls  Landing,  a  distance 
of  about  5,600  feet,  the  fall  of  the  low- water  surface  was  ascertained  to 
be  19.27  feet ;  the  greater  part  of  the  fall  accumulating  at  the  portion 
of  the  Dalles  spanned  by  the  bridge. 

During  the  earlier  period  of  the  survey  and  until  McLeod's  Lake  was 
reached  the  stage  of  water  averaged  2.6  feet  above  low- water;  during 
the  rest  of  the  survey  the  gauge  indicated  about  6  inches  above  that 
plane.  The  actual  soundings  are  plotted,  but  the  curve  projected  on  the 
maps  herewith  in  red  is  a  3-foot  curve  reduced  to  low- water.  Much  of 
the  good  depth  of  water  indicated  on  the  maps  is  due  to  the  removal  of 
obstructions  and  other  work  performed  by  the  United  States  in  1878 
and  1879. 

The  first  place  below  the  Dalles  where  shoal  water  was  found  during 
the  survey  is  in  the  vicinity  of  Islands  1  and  2  (see  map).  Between 
Island  No.  2  and  the  right  bank  is  a  channel  known  as  Clark's  Sloughy 
which,  although  incumbered  more  or  less  by  old  cribs,  &c.,  has  for 
several  seasons  possessed  better  depth  of  water  than  the  lefthand  chan- 
nel. A  large  number  of  cribs  and  other  obstructions  was  removed  by 
the  United  States  in  1878,  and  the  material  utilized  in  the  repair  and 
extension  of  the  wingdam  at  the  upper  end  of  the  island  (shown  in  black 
on  the  map).  The  right  bank  of  the  island  was  also  revetted  during  the 
same  season.  The  result  has  been  a  good  channel.  After  heavy  storms 
in  summer,  however,  the  torrents  issuing  through  the  ravines  leading 
from  the  blulfs  on  the  right  bank  carry  sand  into  this  channel,  a  notable 
instance  of  such  action  having  occurred  during  the  season  of  1879.  To 
keep  this  channel  up  to  its  maximum  usefulness  will  require  the  con- 
struction of  the  small  dam  between  the  island  and  the  tow-head,  and, 
probably,  about  200  linear  feet  of  brush  and  stone  wall  at  the  lower  end 
of  the  island,  as  shown  in  red  on  the  map.  The  current  evinces  a  tend- 
ency to  set  in  behind  Island  No.  1,  above,  enlarging  the  chute  and  dis- 
turbing the  existing  state  of  affairs  in  this  locality.  A  dam  850  feet  in. 
length  is  projected  to  close  this  chute. 

Proceeding  down  stream  we  come  to  Island  No.  3,  between  which  and 
the  left  bank  of  the  mainland  is  a  channel  about  150  feet  in  width.  To 
serve  the  double  purpose  of  diverting  the  water  from  this  channel  and 
of  maintaining  the  low-water  width  in  the  main  channel  at  400  feet,  a 
jetty  600  feet  in  length  is  projected. 

Good  depth  of  water  was  found  from  this  last-named  point  down  to 
the  head  of  Island  No.  5.  or  Boom  Island.  The  current  above  the  head 
of  the  island  sets  strongly  against  the  left  bank,  which  is  protected  by 
a  revetment  constructed  in  1878  about  1,100  feet  in  length,  and  by  a 
low  dam  just  below  the  point  300  feet  in  length.  The  channel  behind 
Boom  Island  was  at  one  time  partially  closed  by  debris  of  cribs,  &c., 
but  the  floods  of  last  season  swept  the  material  away,  so  that  there  is 
strong  probability  of  a  large  volume  of  water  taking  this  channel.  To 
prevent  such,  and  maintain  the  depth  in  the  main  channel,  a  dam  620 
feet  in  length  is  proposed.  A  dam  200  feet  in  length  across  the  slough, 
lett  bank,  above  Franconia,  will  assist  in  maintaining  a  good  depth  over 
this  stretch  of  river. 

Just  below  Boom  Island  are  the  Osceola  Islands  7,  8,  9,  and  10.  The 
steamboat  channel  here  is  along  the  left  bank  and  in  front  of  Osceola. 
It  can  be  seen  by  the  map  that  a  large  body  of  water  flows  behind  Nos. 
8,  9,  and  10,  to  prevent  which,  as  well  as  to  maintain  the  depth  neces- 
sary in  the  main  channel,  a  series  of  dams,  in  all  1,425  feet  in  length,  is 
proi)osed. 

About  1  mile  below  Osceola  are  Islands  Nos.  12  and  13,  the  latter 
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known  as  Mile  Island.  The  channel  at  this  locality  changed  in  direc- 
tion, following  the  high-water  of  last  spring,  and  now  i>a88e8  to  the  left 
of  Mile  Island.  One  of  the  channels  must  be  closed;  probably  the  right- 
hand  bue.    Two  dams,  of  total  length  800  feet,  are  proposed. 

I  may  state  here  that  all  the  dams  and  jetties  proposed  are  not  to 
have  their  upper  sorfaces  more  than  2  feet  above  low-water,  and  that 
their  locations  and  dimensions  are  but  approximate,  as  the  channel  may 
change  before  they  can  all  be  constructed. 

About  half  a  mile  below  Mile  Island  is  the  Limekiln  Grossing,  where 
trouble  is  frequently  exxierienced  by  steamers  at  low-water  sta^^  To 
contract  the  water-way  here  abont  550  linear  feet  of  brash  and  stone 
work  will  be  necessary. 

Just  above  Island  No.  14  a  dam  or  jetty  450  feet  in  length  will  be 
required. 

Passing  Island  No.  16,  the  locality  known  as  Cedar  Bend  is  reached 
The  channel  at  this  point  has  at  times  passed  behind  Islands  17  and 
18.  The  channel  marked  as  the  East  Slough  also  abstracts  some  of  the 
volume  of  the  river,  and  a  large  portion  of  the  volume  of  discharge  goe^ 
behind  Island  19.  The  banks  of  the  latter  island  and  of  the  large  is^nd 
above  it  are  cutting  rapidly.  About  1,550  linear  feet  of  dams  will  bt 
required  here,  and  also  about  1,000  linear  feet  of  shore  protection. 

After  leaving  Cedar  Bend  no  difficulty  in  navigation  is  experiencei! 
until  reaching  the  foot  of  McLeod's  Lake,  where  the  width  of  stream 
increases,  with  a  shoal-crossing.  At  this  point,  owing  to  the  diiectiot 
of  the  current^  four  short  spurs  on  the  left  bank,  aggregating  in  length 
675  feet,  will,  it  is  thought,  prove  sufficient. 

At  Island  21  there  is  a  shoal  stretch  of  river,  owing  to  the  increased 
channel  width.  A  series  of  dams  and  spurs,  aggregating  about  7Q0 
linear  feet,  is  here  proposed. 

Just  above  the  head  of  Island  22  (Pine  Island)  the  channel  again 
shoals.  The  channel  appears  to  be  changing  in  direction  at  this  point 
making  towards  the  right  bank,  whence  it  will  probably  cross  a^ain  to 
the  opposite  bank.  It  is  probable  that  a  jetty  600  feet  long,  as  indi 
cated  on  the  map,  will  be  required  here.  About  op}K>site  the  middle  et' 
the  island,  the  crossing,  during  the  latter  part  of  the  season  of  187!*, 
was  unusually  shoal.  This  crossing  was  so  improved  by  the  constroc- 
tion  of  a  jetty  that  no  farther  work  will  probably  be  required  here.  Tht 
shore  of  Pine  Island  was  revetted  for  a  distance  of  800  feet.  The  chan 
uel  depth  is  now  not  less  than  5  feet.  The  old  line  of  piling  below  tht 
jetty,  shown  by  dotted  black  line,  and  the  hard  bars  surrounding  it  aid 
in  maintaining  the  flow  of  water  along  the  right  bank.  Previous  to  thr 
construction  of  the  jetty  we  aftbrded  some  aid  to  steamers  by  scraping 
a  temporary  channel  at  tlie  crossing. 

The  channel  is  generally  good  from  this  latter  point,  excepting  at 
Island  25,  where  250  feet  of  dam  will  be  required,  to  the  mass  of  island^ 
and  minor  channels  above  Areola,  known  as  Page's  Slough. 

A  large  portion  of  the  volume  of  discharge  is  diverted  from  the  main 
river  through  these  smaU  channels,  and  the  closure  of  a  sufficient  num- 
ber of  them  by  dams,  as  indicated  on  the  map,  will  probably  suffice  for 
this  portion  of  the  river.    Total  length  of  dams  about  400  feet* 

Below  Areola,  and  as  far  down  as  Island  No.  32,  the  channel  is  divided 
by  islands.    About  1,375  linear  feet  of  dams  required. 

Between  Islands  34  and  35  and  the  left  bank  is  what  is  known  as  the 
Canal,  a  deepening  of  a  secondary  channel  in  1867  by  the  logging  in- 
terests for  the  benefit  of  steamers  when  the  main  river  at  this  point  ij« 
closed  by  booms  and  running  logs.  This  canal  is  frequently  used  by 
steamers  when  logs  run  in  great  numbers.    It  is,  however,  narrow,  and 
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in  some  parts  quite  shoal.  No  estimate  is  rendered  herewith  for  wideu- 
iu^  or  deepening  this  canal,  as  it  is  the  work  of  private  parties,  although 
opened  by  them  to  the  public.  No  particular  contraction  of  the  river 
at  this  point  appears  necessary  at  present.  The  boinus  thrown  across 
the  river  firom  this  point  for  some  miles  above  and  below  and  the  run- 
ning of  logs  have  always  interfered  with  steamboat  traffic  more  or  less; 
but  a  more  judicious  location  of  pockets  for  the  storage  and  assorting 
of  logs  has  been  made  during  the  past  season,  lessening  the  difficulties 
of  navigation  in  a  degree.  A  few  old  cribs,  piles,  &c.,  may  eventually 
require  removal  at  this  locality. 

From  the  foot  of  the  canal  to  Stillwater,  the  channel  is  at  present  a 
good  one.  Just  above  Stillwater  the  main  channel  passes  between  Isl- 
ands 43,  44,  45,  and  the  left  bank,  bordered  by  high  and  firm  bluiis ; 
thence  to  the  Stillwater  wharf.  Some  interests  desire  the  closing  of  the 
present  (east)  channel  so  as  to  deepen  the  west  channel,  in  the  hope  of 
deepening  the  water  along  the  Stillwater  front.  As  such  procedure 
would  be  attended  with  doubtful  results,  it  does  not  seem  advisable  to 
go  to  such  expense  so  long  as  a  good  channel  (the  east)  already  exists. 
The  channels  may  of  themselves  change  as  desired  in  the  course  of 
years,  though  there  are  no  indications  at  present  of  such  change.  Some 
few  snags,  &c.,  yet  remain  to  be  removed  from  the  east  channel,  and 
the  gaps  between  Islands  43,  44,  and  45  may  require  closing  by  another 
season.  Some  revetment  will  also,  probably,  be  necessary  to  preserve 
the  islands  which  now  bound  the  east  channel ;  probably  300  linear  feet 
of  dams  and  700  linear  feet  of  revetment. 

Stillwater  is  at  the  head  of  the  Lake  Saint  Croix.  The  lake  is  here 
spanned  by  a  bridge,  with  ponton  draw  nearly  300  feet  in  the  clear. 
The  lake  is  alK)ut  23  miles  long,  averaging  a  little  more  than  three-fourths 
of  a  mile  in  width.  Its  depth,  excepting  at  the  bars  to  be  noted  further 
on,  is  from  30  feet  to  50  feet. 

Just  above  Hudson,  and  about  6  miles  below  Stillwater,  the  lake  is 
spanned  by  the  Chicago,  Saint  Paul  and  Minneapolis  line  of  railway 
bridge.  The  approach  to  the  bridge  consists  of  a  long  and  high  em- 
bankment, which  infringes  upon  the  width  of  the  lake  at  least  1,200  feet. 
The  bridge  consists  of  one  span  about  140  feet  in  the  clear  at  low- water, 
and  a  draw  with  spans  of  about  140  feet  each  in  the  clear.  By  reference 
to  the  map  it  will  be  seen  that  the  draw- pier  is  badly  located  with  refer- 
ence to  the  direction  of  current,  and  that,  in  order  to  facilitate  the  pas- 
s;i«^e  of  the  west  draw-span  by  rafts  and  steamers,  a  sheer-boom  or  line 
of  piling  should  extend  above  the  draw,  and  nearly  on  the  prolongation 
of  the  axis  of  the  draw-pier,  or  at  least  1,000  feet,  and  some  projecting 
points  of  bar  be  removed.  No  estimate  is  rendered  for  this,  as  it  seems 
work  pertaining  to  the  bridge  company. 

The  railroad  embankment  crosses  a  portion  of  what  is  known  as  Wil- 
low Kiver  Bar,  a  bar  extending  across  the  greater  part  of  the  lake  just 
i>elow  the  bridge,  and  for  more  than  a  mile  down  the  lake  measured 
from  the  draw.  The  main  channel,  after  passing  the  draw,  lies  along 
the  right  bank,  and  is  narrow  and  tortuous.  This  bar  was  no  doubt 
^ri^inally  caused  by  contributions  of  material  from  Willow  River, 
orought  down  by  Hoods.  Of  late  years  Willow  River  has  been  closed 
i>y  a  dam  in  order  to  create  water-power,  thus  arresting  its  contributions, 
[f  is  thought  that  by  dre<iging  the  material  between  the  line  A  B  (see 
nap)  and  the  right  bank  so  as  to  afford  a  depth  of  4^  feet,  relief  will  be 
^x]>erienced  for  a  number  of  years  to  come. 
Material  to  be  removed,  sand,  gravel,  clay,  and  a  few  bowlders. 

CMtimate,  36,<)00  yards,  at  30  cento  per  yard $10,800 
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About  6  miles  below  Hudsoii  Bridge  is  Catfish  Bar,  making  oat  in  a 
long  spit  from  the  left  bank.  The  channel  is  narrow,  and  has  sufficient 
depth,  but  when  strong  winds  prevail  its  passage  is  troublesome  to 
steamers,  and  especially  to  rafts.  It  is  thought  that  by  dredging  out 
the  prism  of  material  bounded  by  the  line  C  D  on  one  side  and  the 
curved  red  Hue  on  the  other  to  a  depth  of  4  J  feet,  sufficient  room  will  be 
aflbrded  for  a  number  of  years  to  come.  If  it  is  found  that  Bowles' 
Creek  coiitribut4\s  enough  mateiial  to  form  the  bar  again,  a  curved  dike, 
as  iudicated  on  the  map  in  dotted  red,  can  be  established  to  train  tbe 
material  into  deep  water  and  out  of  the  way ;  or  a  position  for  adam«or 
other  w^orks,  to  arrest  the  movement  of  the  material,  may  possibly  1* 
found  withhi  the  limits  of  the  creek  itself. 

Mat4*rial  of  bar,  sand,  gravel,  clay,  bowhlers. 

Quantity  to  be  removed,  20,000  cubic  yards,  at  30  cents  per  yard $6,^1* 

About  5J  miles  below  Catfish  Bar  is  Kinnickinnick  Bar,  doubtless  due 
to  contributions  of  material  from  the  Kinnickinnick  River,  which  enters 
from  the  left  bank.  Tbe  channel  which  lies  to  the  westward  of  the  bar 
is  500  feet  in  width  and  with  good  depth  throughout.  Unless  tbis^\»T 
increases  in  width  rapidly,  nothing  will  be  required  at  this  point  in  tfct 
shape  of  improvement  of  navigation  for  many  years  to  come. 

A  system  of  lights  at  Kinnickinnick,  Catfish,  and  Willow  River  bars, 
as  well  as  at  some  few  other  points  below  Stillwater,  is  earnestly  de.W 
by  those  who  navigate  the  lake. 

Prescott,  at  the  foot  of  the  lake,  is  6  miles  below  Kinnickinnick  Rtf. 
Nothing  seems  to  be  required  here. 

RECAPITULATION  OF   ESTIMATES. 

11, 800  iiiiear  feet  of  dams  and  jetties,  averaging  per  linear  foot  $2.75 $.12.45*' 

2,000  linear  feet  of  shore  protection,  at  $4 ^."' 

56,000  cubic  yards  of  dredging,  at  30  ceut« U  *' 

Removing  snags,  stumps,  leaning  trees,  old  piers,  &c 


•7 
<  < 


The  sum  of  $25,000  can  be  profitably  expended  during  the  fiscal  y«i^ 
ending  June  30,  1881. 

Brush  of  proper  size  for  the  construction  of  dams  cannot  always  Ir 
obtained  in  sulMcient  quantity  in  the  immediate  vicinity  of  a  work. 

Edgings  from  saw-mills  have  been  used  for  the  base  of  the  i^vetmett 
at  Marine  Bar,  and,  from  the  experience  in  using  them  thus  far,  Ibt!*^ 
promise  good  results.  The  edgings  are  about  12  feet  long  and  an*  roaii- 
up  into  fascines,  and  from  these,  rafts  or  mats  are  made  and  sunk  iuij 
position. 

As  regards  the  position  of  a  wing-dam,  or  jetty,  with  reference  totl' 
current  of  the  stream,  considerable  diversity  of  opinion  exists.  It  wuuW 
seem  that  no  especial  rule  can  be  strictly  followed.  Dams  project chI  iuf 
direction  normal  to  the  shore  line  being  shortest,  require  less  materia- 
Dams  inclined  downstream  are  subject  to  scour  along  the  upstn^aia 
face,  besides  iirotecting  the  shore  just  below  their  junction  with  it,  lt»>^ 
than  those  do  which  are  inclined  upstream.  Dams  inclined  upstre-anu 
however,  are  subject  to  scour  along  the  lower  face.  All  thret*t>i>e* 
must  resist  elfeci  of  oveifall  and  scour  around  their  heads.  In  the  r.^-^ 
of  a  stream  like  the  Saint  Croix,  where  many  millions  of  logs  are  ru;- 
down,  it  seems  better  tp  incline  the  dams  downstream  genen*ll>\  *> 
such  tend  to  sheer  the  logs  into  the  main  channel  as  the  water  siilwi<if>. 
keeping  the  logs  fi'om  stranding  upon  them.    There  are  several  uotablt 
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instances  on  this  river  of  the  effect  of  lines  of  piling  inclined  down- 
stream to  support  booms  placed  for  the  purpose  of  guiding  logs  into  the 
channel  desired.  A  large  sandbar  has  almost  invariably  formed  just 
underneath  the  line  of  piles,  formiug,  with  the  piles  themselves,  a  com- 
pact inclined  jetty.  The  formation  of  a  sand-bar  below  a  line  of  piling 
is  not,  however,  a  matter  of  such  certainty  as  to  warrant  the  rejection 
of  permanent  brush  and  stone  work. 

Appended  is  a  list  of  distances ;  also,  statistics  of  the  river ;  and,  ac- 
companying, are  six  tracings,  on  a  scale  of  1  inch  to  400  feet,  showing 
the  stream  from  Taylor's  Falls  to  Prescott;  also,  one  tracing  showing 
cross-sections  of  dams  and  revetments  constructed  by  the  United  States 
on  the  Saint  Croix  and  Chippewa  rivers,  and  which  have  endured  well; 
also,  tracing  showing  effect  of  jetties  with  different  inclinations  taken 
from  a  work  on  the  improvement  of  the  Khiue. 
Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineers, 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  UngineerSj  U.  8.  A, 


Table  of  dUiamxs  on  Saint  Croix  River y  oommmdng  at  Taylor's  FalU  Bridge. 


Island  No. 


1 

2 

8 

A 

5  (Boom) 
6 


7 

8    

» 

10  (Osceola) 
11 


12 

13  (MUe) 

14 

16 


MUes. 


0.7 
1.3 
2.1 
2.5 
5.3 
5.6 
6.0 
6.4 
6.6 
6.7 
7.4 
7.8 
&0 
0.3 
0.4 


Island  No. 


16 

17 

18 

19 

20 

21 

22  (Pine) 

23 

24 

25 

26 

27 

28 

29 

30 


Miles. 


Island  "So. 


9.5 
9.9 
10.0 
lU.l 
12.3 
13.9 
15.1 
16.0 
17.0 
19.3 
20.5 
20.8 
21.2 
21.4 
21.7 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


MUes. 


22.3 
22. » 
23.7 
24.5 
24.7 
25.4 
25.6 
25.9 
26.0 
26.1 
26.4 
26.7 
27.0 
27.1 
27.2 


Miles. 

To  StiUwater  Bridge 28.5 

To  Hudson  Bridge 34.5 

To  Cattish  Bar 40.1 

To  Kinnickiunick  Bar 45.7 

To  Preacott 51.7 

COMMERCIAL  STATISTICS. 

The  Saint  Croix  River  is  in  the  collection  district  of  Minnesota.  The  nearest  port 
of  entry  is  that  of  Duluth,  Minn.,  at  which  port  $7,7t>4.51  of  revenue  was  collected  for 
the  fiscal  year  ending  June  3i»,  lfJ79. 

FREIGHT  AND  PASSE.VGERS. 

There  were  three  steamboats  engaged  exclusively  in  the  freight  and  passenger 
buHine.Hs  during  the  season  of  1879,  and  from  the  statement  it  will  be  seen  that  the 
l>u»iiu;>sdone  was  large,  when  we  take  into  consideration  the  length  of  river  traverse<l-^ 
le».s  than  60  miles.  Of  the  three  st'eamboats  engaged,  two  plied  l>et  ween  Hastings  and 
Taylor's  Falls,  and  commence*!  running  on  the  opening  of  navigation  ;  and  the  other 
b4?tween  Stillwater  and  Taylor's  Falls,  and  commenced  running  about  August  1. 
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About  6  miles  below  Hudson  Bridge  is  Catfish  Bar,  making  out  in  a 
loDg  spit  from  the  left  bank.  The  channel  is  narrow,  and  has  sufficient 
depth,  but  when  strong  winds  prevail  its  passage  is  troublesome  to 
steamers,  and  especially  to  rafts.  It  is  thought  that  by  dredging  out 
the  prism  of  material  bounded  by  the  line  C  D  on  one  side  and  the 
curved  red  line  on  the.  other  to  a  depth  of  4  J  feet,  sufBcient  room  will  be 
afibrded  for  a  number  of  years  to  come.  If  it  is  found  that  Bowles' 
Creek  contributes  enough  mateiial  to  form  the  bar  again,  a  carved  dike, 
aA  indicated  on  the  map  in  dotted  re<l,  can  be  established  to  train  tk 
material  into  deep  water  and  out  of  the  way ;  or  a  position  for  a  dam,  or 
otlier  works,  to  arrest  the  movement  of  the  material,  may  po«isibly  l>t 
found  within  the  limits  of  the  creek  itself. 

Mat«*rial  of  bar,  sand,  gravel,  clay,  bowhlers. 

Quantity  t-o  he  removed,  20,000  cubic  yards,  at  30  cents  i>er  yard ^,^^ 

About  oh  miles  below  Catfish  Bar  is  Kinnickinnick  Bar,  doubtle&sdne 
to  contributions  of  material  from  the  Kinnickinnick  Biver,  which  enter 
from  the  left  bank.  The  channel  which  lies  to  the  westward  of  the  bar 
is  500  feet  in  width  and  with  good  depth  throughout.  Unless  tbisWi 
increases  in  width  rapidly,  nothing  will  be  required  at  this  j)oiut  in  tt": 
shape  of  improvement  of  navigation  for  many  years  to  come. 

A  system  of  lights  at  Kinnickinnick,  Catfish,  and  Willow  Kiverbar?. 
as  well  as  at  some  few  other  points  below  Stillwater,  is  earnestly  de^irt'- 
by  those  who  navigate  the  lake. 

Prescott,  at  the  foot  of  the  lake,  is  6  miles  below  Kinnickinnick  Bar. 
Nothing  seems  to  be  required  here. 

RECAPITULATION  OF   ESTIMATES. 

11, 800  linear  feet  of  dams  and  jetties,  averaging  per  Unear  foot  $3.75 ^^ 

2, 000  linear  feet  of  shore  prt>rection,  at  $4 ''  * 

56,000  cubic  yards  of  dredging,  at  30  cents It.' 

Removing  snags,  stumps,  leauiug  trees,  old  piers,  &o '* 

60.1' 

The  sum  of  $25,000  can  be  profitably  expended  during  the  fiscal  vr* 
ending  June  30,  1881. 

Brush  of  proper  size  for  the  construction  of  dams  cannot  always  > 
obtained  in  sufficient  quantity  in  the  immediate  vicinity  of  a  work. 

Edgings  from  saw-mills  have  been  used  for  the  base  of  the  revetnh^- 
at  Marine  Bar,  and,  from  the  experience  in  using  them  tlius  far,  tk 
promise  good  results.  The  edgings  are  about  12  feet  long  and  im^  ni*' 
up  into  fascines,  and  from  these,  rafts  or  mats  are  made  and  bank  in'- 
position. 

As  regards  the  position  of  a  wing-dam,  or  jetty,  with  reference  to  il» 
current  of  the  stream,  considerable  diversity  of  opinion  exists.  It  wouk 
seem  that  no  especial  rule  can  be  strictly  followed.  Dams  projt^td  ii -» 
direction  normal  to  the  shore  line  being  shortei^t,  require  less  materii 
Dams  inclined  downstream  are  subject  to  scour  alou^  the  uixstn-as- 
face,  besides  protecting  the  shore  just  below  their  junction  with  it,  ^^* 
than  those  do  which  are  inclined  upstream.  Dams  incliue<l  upstmisK 
however,  are  subject  to  scour  along  the  lower  face.  All  tbree  tyiK^ 
must  resist  effeci  of  overfall  and  scour  around  their  heads.  Id  the  <v«^ 
of  a  stream  like  the  Saint  Croix,  where  many  millions  of  logs  aiv  ru:i 
down,  it  seems  better  to  incline  the  dams  downstream  genenjlly,  ?•» 
such  tend  to  sheer  the  logs  into  the  main  channel  as  the  water  sul)si<lfs 
keeping  the  logs  from  stranding  upon  them.    Thei*e  are  severed  iioiab'»t 
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instances  on  this  river  of  tbe  effect  of  lines  of  piling  inclined  down- 
stream to  support  booms  placed  for  the  purpose  of  guiding  logs  into  the 
channel  desired.  A  large  sandbar  has  almost  invariably  formed  just 
underneath  the  line  of  piles,  forming,  with  the  piles  themselves,  a  com- 
pact inclined  jetty.  The  fonnation  of  a  sand-bar  below  a  line  of  piling 
is  not,  however,  a  matter  of  such  certainty  as  to  warrant  the  rejection 
of  permanent  brush  and  stone  Wiirk. 

Appended  is  a  list  of  distances ;  also,  statistics  of  the  river ;  and,  ac- 
companying, are  six  tracings,  on  a  scale  of  1  inch  to  400  feet,  showing 
the  stream  from  Taylor's  Falls  to  Prescott;  also,  one  tracing  showing 
cross-sections  of  dams  and  revetments  constructed  by  the  United  States 
on  the  Saint  Croix  and  Chippewa  rivers,  and  which  have  endured  well; 
also,  tracing  showing  effect  of  jetties  with  dillerent  inclinations  taken 
from  a  work  on  the  improvement  of  the  lihine. 
Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S,  A. 


Table  of  di$ianoe8  on  Saint  Croix  River,  oomjnencing  at  Taplor'a  Falls  Bridge, 


Island  No. 


1 

2 

8 

4 

5  (Boom)  .. 
6 

7    

8    

9 

10  (Osceolii) 

11 

12 


13  <Mile) 

14 

15 


MUes. 


0.7 
1.3 
2.1 
2.5 
5.3 
5.6 
«.0 
6.4 
6.6 
6.7 
7.4 
7.8 
&0 
9.3 
9.4 


Island  No. 


16 

17 

18 

19 

20 

21 

22  (Pine) 

2D 

24 

25 

26 

27 

28 

29 

30 


Miles. 


0.5 
9.9 


31 
32 


10. 0  |i  33 


1U.1 
12.3 
13.9 
16.1 
16.0 
17.0 
19.3 
20.5 
20.8 
21.2 
21.4 
21.7 


34 
35 
36 
37 
38 
30 
40 
41 
42 
43 
44 
45 


Island  No. 


MUes. 


22.3 
22.9 
23.7 
24.5 
24.7 
25.4 
25.6 
25.9 
20.0 
26.1 
26.4 
26.7 
27.0 
27.1 
27.2 


Miles. 

To  StUlwater  Bridge 28.5 

To  HiidHon  Bridge 34.5 

To  tJattish  Bar 40.1 

To  Kiuuickinnick  Bar 45.7 

To  Prescott 51.7 

COMMERCIAL  STATISTICS. 

The  Saint  Croix  River  is  in  the  coUection  district  of  Minnesota.  The  nearest  port 
of  entry  is  that  of  Duhith,  Minn.,  at  which  port  $7,7fi4.51  of  revenue  was  collected  for 
the  fiscal  year  ending  June  3i»,  1?:J79. 

FREIGHT  AND  PASSENGERS. 

There  were  three  steamboats  engaged  exclusively  in  the  freight  and  pas-senger 
biisiiies.<<  during  the  season  of  1H79,  and  from  the  statement  it  will  be  seen  that  the 
l>ut»iue>sdone  was  large,  when  we  take  into  consideration  the  length  of  river  traversed-*- 
1»»8«  than  60  miles.  Of  the  three  steamboats  engaged,  two  plied  between  Hastings  and 
Taylor's  Falls,  and  commenced  running  on  the  opening  of  navigation  ;  and  the  other 
between  Stillwater  and  Taylor's  Falls,  and  commenced  running  about  August  1. 
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The  ii^nrPB  below  were  furnished  by  Capt.  John  H.  Reaney,  of  Saint  Panl,  Minn., 
and  Capt.  David  Hays,  of  Osceola  Mills,  Wis.,  under  whose  directions  thebosteven 
operated. 


Commoditiea. 


Flour 

Wheat    

Hercbiuidise,  dto 

Lime 

Bran  and  feed" . . . 

Bftrley 

o»t« 

Salt 


Total. 


0  ^«  A 

•£  CO  si 

1  5®  2 


7, 490, 000 

17, 244.  000 

9, 343, 400 

868,800 

87,500 


90,000 


35,123,700 


mi 


R1O.O0O 
8,207.895 
2,486.000 
1.074,300 


60,000 
24,500 


S    a-? 

*  •  -  y 
H 


8.300.6» 
25,451.^» 

11.  ©9.  K 
1,W3.1' 

^7..V•: 


12,063,296      47,7S«,ie 


Paaaenffera  carried  np  and  down  stream,  number,  9,244. 


LOGS,   LUMBER,   RAFTING,  AND  TOWING,   SEASON  OF  1679. 

Logs. — About  202,000,000  feet  of  logs  passed  through  the  Saint  Croix  boom  dnriof 
the  season,  which,  at  an  estimated  vaiue  of  |d  per  thousand  feet,  would  represent  tk 
sum  of  $1,61H,000.    At  the  boom  al>out  300  men  were  employed  for  100  days. 

Lumber. — There  are  ten  large  saw-mills  on  the  Saint  Croli  River,  seven  of  which  an 
located  at  and  around  Stillwater,  the  head  of  Lake  Saint  Croix,  and  engaged  in  tb 
manufacture  of  lumber.    These  seven  mills  cut  during  the  season : 

Lumber feet..    RS.TSJ.i^ 

Shingles 40,238,«i< 

Lath S87,600,»' 

The  estimated  value  of  these  products  is  about  $1,170,000.  Expense  attached  tf 
manufacturing  the  above<^$200,000.  The  other  three  mills  aro  located  at  FrancooA 
Marine,  and  Glenmore.  The  amount  of  their  business  has  not  been  obtained,  b&' 
8^000,000  feet  would  be  a  low  estimate  of  the  amount  of  lumber  manufactured. 

Rafting. — This  branch  of  business  requires  a  large  force  of  men,  carried  on,  boweT« 
dnring  only  a  portion  of  the  season.  The  amount  of  lumber  rafted  foots  up  102,000.(1 
feet. 

Totda^. — There  were  twelve  steamboats  engaged  in  the  towing  of  lumber  and  1«^ 
to  various  points  dnring  the  season.    The  amount  towed  was  117,000,000  feet 
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report  of  major  william  r,  king^  corps  of  engineers,  officer 
in  charge,  for  the  fiscal  year  ending  june  30,  1880,  witff 
'other  documents  relating  to  the  works. 

United  States  Engineer  Office, 

Chattanooga,  Tenn.j  July  28, 1880. 

General:  I  have  the  honor  to  submit  aunual  reports  on  the  works 
under  my  charge  for  the  fiscal  year  endmg  June  30, 1880.    • 
Very  resi>ectfully,  your  obedient  servant, 

W.  E.  King; 
Major  of  Engineers. 
Chief  of  Engineers,  U.  S.  A. 


V  X. 

improvement  of  TENNESSEE  RIVER. 
I. — ABOVE  CHATTANOOGA. 

This  section  of  the  river  extends  from  Chattanooga  to  Enoxville,  a 
distance  of  189  miles  by  water,  and  the  improvement  required,  and  which 
has  been  in  progress  nine  years,  consists  in  excavating  rock  reefs  and 
gravel  bars  from  r he  channel  and  narrowing  the  channel  at  shoal  places 
by  stone  wing-dams,  thus  giving  increased  depth  and  securing  a  navi- 
gable channel  for  steamboats  of  3  feet  draught  at  all  seasons  of  the  year. 

There  are  in  all  twenty-nine  obstructions  (reported  as  such  by  steam- 
boat men)  on  this  portion  of  the  river,  twenty  of  which  have  been  either 
entirely  removed  or  so  far  improved  as  to  be  of  secioudary  importance, 
and  nine  remain  to  be  completed. 

The  last  api)ropriatioiL  for  this  section  of  the  river  was  all  expended 
on  Chota  and  Coulter's  Shoals,  the  former  of  which  has  heretofore  been 
the  most  serious  obstruction  between  Knoxville  and  Loudon.  The  fol- 
lowing ape  the  quantities  of  work  done : 

Rock  excavated  from  channel cubic  yards . .        15 

Gra  vt»l  i'xcuvateil  from  channel do 53 

Drift  rt-moved  from  channel cords . .        35 

Kock  quarried  for  daiuH cubic  yards. .  4, 374 

Rock  placed  in  dams do 5, 1H2 

The  work  is  done  in  the  most  substantial  and  economical  manner,  but 
owing  to  the  small  amount  of  the  annual  appropriations,  which  do  not 
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admit  of  a  fall  seanou's  work,  it  will  probably  cost  more  than  the  origi- 
nal estimates,  which  contemplatf^d  that  work  would  be  carried  on  con- 
tinaoulily  during  the  low-water  season,  when  it  could  be  done  to  the 
best  advantage. 

As  heretofore,  the  work  has  been  done  by  hired  labor.  The  contract 
system  has  been  thoroughly  tested  on  this  improvement  and  proved  an 
utter  failure,  as  I  believe  it  has  been  and  always  will  be  on  all  similar 
works. 

The  working  season  of  1879  commenced  on  the  14th  day  of  August, 
and  ended  on  the  18th  day  of  December,  when  it  was  interrupted  by 
high-water,  an  average  force  of  eighty-five  men  being  employed  during 
that  period. 

The  appropriation  for  1880  not  being  available  before  the  end  of  the 
fiscal  year,  and  there  beingonly  a  small  balance  of  the  former  appropri^ 
tion  on  hand,  the  work  has  not  been  resumed  this  season,  but  it  is  hoped 
that  we  may  still  be  able  to  put  on  a  force  iti  time  to  accomplish  consid- 
erable work  before  the  end  of  the  low-water  season. 

The  appropriation  of  June  14,  1880,  will  probably  be  sufficient  to  com- 
plete all  that  it  is  necessary  to  do  at  Chota,  Coulter's,  and  one  oi-  two  other 
shoals  between  Knoxville  and  Loudon,  and  make  some  repairs  at  Half 
Moon  Island  and  a  few  other  points  where  the  floods  have  caused  soi!k> 
damage  to  the  dams. 

As  stated  in  former  reports,  the  improvements  are  not  only  remarkt- 
bly  successful  in  accomxilishing  the  object  in  view,  but  from  the  excep- 
tionally permanent  nature  of  the  river  bed  and  f ro  ii  the  fact  that  the 
dams  are  made  almost  entirely  of  stone,  the  work  will  last  for  many  years 
.-with  but  slight  expense  for  repairs. 

The  estimate  for  next  year  is  for  continuing  the  improvement  of  the 
river  below  Knoxville,  where  there  are  a  number  of  shoals  that  have 
not  been  worked  on,  but  which  must  be  improved  in  order  that  the  in 
creased  depth  of  channel  already  provided  at  most  of  the  shoals  can  l^ 
fully  utilized. 

The  river-gauge  established  at  Chattanooga  in  1874  is  now  read  •»:» 
the  signal  observer  at  this  place,  Mr.  B.  L.  Goulding,  who  furnishes  a 
copy  of  the  rei'ord  for  this  office,  and  while  parties  are  working  in  \ht 
river  at  Muscle  Shoals  he  sends  a  daily  report  to  each  assistant  erijri 
neer,  which  is  valuable  in  warning  them  of  sudden  rises. 

By  taking  an  average  of  the  daily  records  for  the  last  six  years,  it  i^ 
found  that  there  are  in  each  year — 

About  100  il»ys  when  the  river  i«  above  8  feet. 
About  1511  fluya  when  the  river  is  above  (>  feet. 
About  M2i)  chi,V8  when  the  river  is  above  4  feet. 
About  3*25  (lays  when  the  river  is  above  2  feet. 

In  other  words,  the  last  figures  given  show  that  there  are  only  forty 
days  in  a  year  when  the  nver  is  within  2  feet  of  low- water  mark.  Theiv 
are  only  ninety-five  days  in  a  year  when  it  falls  below  3  feet.  The  period 
of  highest  water  is  in  March  and  of  lowest  in  October.  Some  of  oar 
principal  northern  water  routes  are  absolutely  closed  by  ice  for  a  much 
longer  period  than  the  Tennessee  Kiver  is  below  3  feet  at  Chattanooga. 
The  Krie  Canal,  for  example,  in  an  average  of  twenty -four  years,  was 
closed  one  hundred  and  forty-six  days  annually,  or  aluiost  exactly  the 
number  of  days  that  the  Tennessee  is  below  4  feet.  This  shows  not  only 
the  great  advantages  of  this  river  for  puqioses  of  navigation,  but  the 
comi)aratively  short  time  available  for  channel  work. 
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The  aiuouut  of  commerce  on  tbe  river  daring  the  year  is  indicated  by 
the  following  figuren  relating  to  the  laudtng  at  Chattanooga : 

Number  of  Hteamboats  ruiiniDg ' H  to  9 

Number  of  landingM  made  at  Chattanooga 553 

Number  of  flat>boatM 308 

Pig-iron tons..  2,540 

Iron  ore..  ^. tons..  17,677 

Coal bushels..  1,001,872 

LiniCHtonc. tons  .  10,  r»42 

Lumber,  inelnding  poplar,  pine,  gnm,  oak,  and  walnut feet . .  6,  (KM),  OUO 

Grain bunhels..  592,500 

Cotton ^ bales..  990 

The  estimate  for  improving  this  portion  of  the  river  was  $225,000,  of  which  have 
been  appropriated  ^^01,500  and  expended  $I91,25{J.71. 

Money  statement. 

.Inly  1,  1h79,  amount  available $11,508  23 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$21, 508  23 

July  1,  1880,  amount  expended  during  fiscal  year 11, 266  94 

Jnly  1,  1880,  outstanding  liabilities 241  29 

11,508  23 

July  1,  1380,  amount  available 10,  OUO  00 


Amount  (estimated)  required  for  completion  of  existing  project 23, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     23,  r^OO  00 

II. — ^BELOW  CHATTANOOGA. 

At  the  beginning  of  the  fiscal  year  this  work  had  reached  a  i)oint 
where  the  vexatious  delays  of  contractors  had  nearly  ceased  to  hamper 
it,  and  it  was,  for  the  first  time,  making  really  satisfactory  i)rogre8S, 
with  a  fair  pros])ect  of  being  speedily  completed.  A  heavy  and  unex- 
pected reduction  of  the  available  funds,  however,  made  it  necessary  to 
begin  immediate  retrenchment  of  the  monthly  expemliturea,  which  were 
gradually  reduced  until  the  Ist  of  January,  when  the  working  force  bad 
been  reduced  about  two-thirds  and  failing  to  get  the  special  appropriation 
a^ked  for  to  continue  the  work,  the  force  was  still  further  cut  down,  until 
on  the  1st  of  May  it  had  been  reduced  from  1,872  to  167  laborers  and 
mechanics.  It  is  unnecessary  to  dwell  upon  the  seri^us  injury  to  the 
work  resulting  from  the  disbandment  of  so  large  a  force  of  skilled 
laborers,  many  of  whom  h«<d  come  hundreds  of  miles  to  secure  employ- 
ment, and  all  had  become  more  or  less  adapted  to  the  special  work  be- 
fore them.  Nevertheless,  the  season  was  a  favorable  one,  and  a  cou- 
siderable  amount  of  valuable  work  was  accomplished,  as  will  appear 
from  the  following  details: 

1. — ^ELK  BIVEB  DIVISION. 

The  channel  excavation  opposite  Brown's  Island  was  continued  until 
the  21st  of  October,  when  the  small  remaining  force  was  removejl  to 
the  quarries  at  and  below  Milton's  Blutf,  where  it  was  employed  in 
quarrying  stone  and  completiiig  and  extending  the  retaining  dam  around 
Milton's  Bluff,  and  ea^stwa.;!  towards  the  lower  end  of  Brown's  Island. 

11,246  cubic  yards  of  rock  'v    e  blasted  and  removed  from  channel. 
4,510  cubic  yards  of  rock  '      ^rried. 
7,76^*>  cnbic  yards  of  rock      it  in  clams. 

2,342  cubic  yards  of  eart      .rero  stripped  from  the  quarries  and  placed  in  the  dams 
At  such  pointe  as  an  eart      a  filling  was  required. 
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The  dams  were  sabBtantially  built,  and  have  safely  withBtood  the 
heavy  floods  of  the  last  winter. 

A  suitable  quarry  for  dimension  stones  for  the  locks  was  hnnted  up 
and  opened  so  far  as  to  demonstrate  that  the  stone  was  of  an  exoelleat 
quality,  both  as  to  durability  and  ease  of  quarrying  and  cutting. 

It  is  hoped  that  the  present  season's  work  will  complete  the  chaDnd 

excavation  and  so  far  extend  the  permanent  dam  that  the  temporary 

dam  can  be  removed,  and  the  firht  5  miles  of  this  shoal  will  become 

navigable,  so  that  all  our  supi)lie8  may  be  boated  down  to  the  first  loc^ 

below  Milton's  Bluff. 

f 

2.— BLDE  VTATER  AND  SHOAL  GREEK  DIVISIONS. 

These  divisions  embrace  all  of  the  old  canal  around  Big  Muscle 
Shoals,  which  canal  is  being  enlarged  and  rebuilt. 

As  explained  in  former  reports,  this  old  canal  was  built  nearly  fifty 
years  ago  by  the  State  of  Alabama,  from  the  proceeds  oF  the  sakut 
400,000  acres  of  land  donated  for  that  purpose  by  the  general  govern 
inent.  The  canal  was  never  completed  according  to  the  plans  dexisc^l 
by  the  board  of  public  works,  and  owing  to  certain  radical  defects  of 
constrtiction  in  the  canal  itself,  as  well  as  the  neglect  to  extend  tb 
improvement  around  the  entire  obstruction,  the  canal  was  uavigabk 
only  at  high- water  stages  of  the  river,  and  soon  fell  into  disuse  and 
de<^y. 

The  new  canal  will  be  from  70  to  120  feet  wide,  with  6  feet  of  water, 
and  will  pass  boats  60  feet  wide,  300  feet  long,  and  drawing  5  feet  of 
water. 

The  following  work  was  done  during  the  fiscal  year  by  hire<i  labor: 

8,717  cubic  yards  of  stone  qnaiTied. 
5,'^ii7  cubic  yards  of  stone  cut  for  locks,  &c. 
455.:^  cubic  yards  of  cut-stoue  masonry  laid. 
259  cubic  yards  of  rock- face  masonry  laid. 
1,997.7  cubic  yards  of  rubble  masonry  laid. 
38,639  cubic  yards  of  earth  embankment. 
32.296  cubic  yards  of  eart.h  excavation. 
5,078  cubic  yanls  of  solid  rock  excavation. 
l,G^£i  cubic  yards  of  old  masonry  removed. 
I,:io0  cubic  yards  of  protection  dams  built. 
3,614  cubic  yards  of  riprap  built. 
4. WO  cubic  yards  stripping,  &c.,  at  quarries. 
192  cords  of  wood  cut. 

The  contractor,  Mr.  S.  N.  Kimball,  after  obtaining  a  mo<iification  of 
his  contract  (May  12,  1879,  as  stated  in  last  report)  releasing  him  from 
building  2  of  the  5  locks  he  had  agreed  to  build,  and  again  extendin;! 
the  time  for  the  completion  of  the  others,  transferred  his  intere^^tK' 
other  parties  (in  violation  of  the  contract  and  law),  and  left  the  work. 
Mr.  J.  A.  Henry,  who  claimed  to  have  the  work  by  subiioutmct,  did 
some  little  work,  but  on  the  expiration  of  the  extended  contract  tiuie, 
there  being  wo  prospect  that  the  work  would  t^e  completed  in  any  rejusi»D 
able  time,  the  contract  was,  on  my  recommendation,  anuulltd  by  the 
Secretary  of  War. 

The  following  work  was  done  under  this  contract  during  Uie  fiscal 
year: 

17.2  cubic  yards  of  cut-stone  masonry  laid. 

110.2  culnc  yards  of  rock-face  masonry  laid. 

819.9  cubic  yards  of  rubble  masonry  laid. 

1,510.8.3  cubic  yards  of  solid  rock  excavation. 

1,857  cubic  yards  of  hard-pan  and  loose  rock  excavation. 

884|  cubic  yards  of  earth  excavation. 

804  cubic  yards  of  masonry  of  old.  locks  removed. 
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3.— LITTLE  MUSCLE  SHOALS  DIVISION. 

The  series  of  cofferdams  referred  to  in  last  report  waa  extended 
nearly  1,800  feet  and  by  tbis  method  the  blasting  and  removal  of  rock 
from  the  cluxhnel  at  the  head  of  the  shoals  was  continued,  with  excellent 
results,  up  til  the  8th  of  December,  when  a  sudden  rise  in  the  river  put  a 
stop  to  the  season's  work,  just  as  the  excavation  in  the  area  covered  by 
the  last  coffer-dam  was  well  under  way. 

The  following  quantities  of  work  were  performed  during  the  year: 

400  culiic  yarflH  of  r«K;k  quarried. 

1,799  cubic  yards  of  rock  put  in  dams. 

1,864  cubic  yards  material  put  in  coffer-dams. 

14,446  cubic  yards  of  solid  rock  excavated  from  channel. 

417  cubic  yards  of  bowlders  reuuived  from  channel. 

This  work  is  not  only  done  rapidly  and  cheaply,  but  thoroughly,  the 
bottom  of  the  excavated  channel  being  made  so  smooth  that  it  will  not 
be  likely  to  silt  up,  and  there  is  no  danger  of  a  vessel  striking  project- 
ing points,  even  if  drawing  too  much  water. 

At  this  time,  July  12,  1880,  Mr.  Willard,  the  assistant  engineer  in 
charge  of  this  work,  has  just  succeeded  in  repairing  the  last  cofferdam, 
which  was  considerably  damaged  by  the  winter's  floods,  and  he  is  re- 
moving the  rock  at  such  a  rate  as  to  make  it  morally  certain  that  the 
entire  channel  from  Florence  to  Bainbridge  will  be  open  within  six  weeks, 
thus  giving  water  transportation  up  to  the  lower  end  of  the  canal.    This 
will  greatly  facilitate  the  work,  as  the  canal  has  hitherto  been  accessible, 
at  ordinary  stages  of  the  water,  only  by  hauling  supplies  about  6  miles 
over  a  very  bad  road. 
The  present  condition  of  the  work  may  be  summarized  as  follows : 
Ist.,  There  has  been  completed  about  three-fourths  of  the  entire  canal 
trunk^  including  that  required  on  Elk  Eiver  division. 

2d.  Over  one-half  of  the  lock  and  aqueduct  masonry  is  completecl. 
The  lock-gates,  wickets,  waste-weirs,  and  aqueduct  trunk  have  not  been 
commenced. 

3d.  The  rock  excavation  and  stone  dams  at  Elk  Biver  are  about 
half  done^  while  those  at  Little  Muscle  Shoals  will  be  so  far  completed 
as  to  admit  the  passage  of  boats  before  the  1st  of  September. 

With  reference  to  cost,  the  work  will  be  two-thirds  coini)leted  when 
the  available  funds  are  expended. 

The  entire  ex|>enditure  properly  chargeable  to  this  part  of  the  Muscle 
Shoals  improvement  has  been  $1,428,358,  and  from  a  carefully  revised 
estimate,  1  am  satisfied  that  with  $700,000,  in  aildition  to  the  balance 
now  on  hand,  the  entire  Muscle  Shoals  obstruction  can  be  removed. 
This  is  far  within  the  original  estimate,  and  can  only  be  realized  by  such 
ail II Hill  appropriations  as  will  enable  tlie  work  to  be  prosecuted  ccononii- 
eaJ  ly. 

At  Colbert  Shoals,  Duck  River  Shoals,  and  other  points  below  Florence 
no  work  has  been  done,  owing  to  the  fact  that  the  funds  were  so  low 
iiid  the  condition  of  the  work  such  as  to  prevent  the  organization  of 
special  parties  for  these  works,  or  the  detachment  of  any  part  of  the 
force  at  Little  Muscle  Shoals.  • 

Efforts  were  made,  as  yet  without  success,  to  obtain  information 
"roni  the  officers  of  customs  at  the  nearest  port  of  delivery  (Paducah) ; 
herefore,  statistics  bearing  upon  the  commerce  and  navigation  of  the 
[x>wer  Tennessee  are  meager.  Undoubtedly  there  is  considerable  river 
r^vde.  .  Three  steamboats  ply  to  and  from  Florence,  Ala.,  during  the 
viiiter  and  spring,  and  one  the  rest  of  the  year.    In  1879,  2,800  bales  of 
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cotton  were  shipped  to  market  by  river  from  Florence,  in  addition  to  ii 
heavy  miscellaDeous  freij^ht. 

The  Tennes8«.M»  River  is  in  the  collection  district  of  New  Orleaua. 

The  orij^inul  cost  of  improvinjc  Tennessee'  River  below  Chattanoo«;a 

was ♦4.m')«»i(^ 

There  has  been  appropriated l,'M5,5if<i " 

ExpendM,  ji.h  previous! v  reported 1,247. 1<  i* 

Expended,  fiwal  year  187a-'80 273.0:^ 

Total  exi»ende<l imM'i 

Money  statement 

July  1,1879,  amount  available ^^298,:U-2  04 

Amount  appropriated  bv  aet  approved  June  14,  18d0 300,  OCX)  00 

July  1,  18H0,  amount  expendcMl  during  fiscal  year 273, 073  60 

July  1,  IHHO,  outstandinff  liabilities 14,190  20 

July  1,  IB^^O,  amount  available »IW^ 

Amount  (estimated)  required  for  completion  of  existinff  project •2,ft?7.'''' 

Amount  that  can  l»e  ])rontably  expended  in  fiscal  year  ending  June  30, 1882.     TUll"  ' 


V    2. 

improvp:ment  of  Cumberland  river. 

During  tlie  fiscal  year  work  wa^s  continued  at  various  obstnutiii- 
below  and  above  Nashville,  when  tlie  stage  of  water  and  amount 
available  funds  permitted. 

I. — below  xashville. 

Work  on  this  section  progressed  till  the  middle  of  Deeetnlier  '  | 
was  then  discontinued  by  reason  of  high-water  and  incleraent  we^iri 
Early  in  May  work  was  resumed  and  continued  without  interrnpticc 

The  amount  of  work  done  during  the  fiscal  year,  and  the  present  n- 
ditiou  of  the  pi-ojmsed  improvements,  as  reported  by  Oapt.  L.  0.0\>* 
man.  United  States  Engineers,  the  ofiicers  in  immediate  Charlie  <M'' 
work,  are  as  follows  : 

1. — Harpeth  Shoals:  seven-ei^fhths  finished. 

541  cubic  yardft  of  rock  excavate<l  from  channel. 

280  cubic  yards  of  >p*avel  excavated  from  channel. 
5  sna^s  removed  from  cliannel. 
2,895  cubic  yanls  of  rock  quarried. 
2,895  cubic  yarda  of  dams  built. 

This  obstruction,  formed  by  a  chain  of  five  shoals,  was,  a  few^y**^^ 
ago,  the  most  serious  obstacle  to  low- water  navigation  below  NasIniJf 
but  is  now  nearly  removed. 

2. — Palmyra  Island :  three-fifths  finished. 

7  fmsin»  remove<l  from  chaimel. 
3,644  cubic  yards  of  rock  quarried. 
2^510  cubic  yanls  of  dams  built. 
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3. — Dover  Shoals :  seven-eighths  finished. 

5,165  cnbi**  yards  of  pravel  taken  from  channel. 

9  sna^s  taken  from  channel. 
2,035  cubic^yards  of  rock  quarried. 
5,823  cubic  yards  of  dams  built. 

At  certain  points  the  banks  were  protected  by  riprap,  built  of  stone 
picked  up  along  shore. 

4. — Ingram  Shoals :  five-eighths  finished. 

0 

liO  cubic  yards  of  rock  removed  from  channel. 

90  cnbic  yards  of  gravel  removed  from  channel. 

3H  snags  removed  from  channel. 
4,957  cnbic  yards  of  rock  quarried. 
7,939  cnbic  yards  of  dams  Imilt. 

5. — Race  Track  Shoals :  three-eighths  finished. 

73  snags  removed  from  channel. 
2,974  cnbic  yards  of  rock  quarried. 

6. — Little  River  Shoals :  fire-eighths  finished. 

3  snags  removed  from  channel. 
3,335  cubic  yards  of  rock  quarried. 
4,290  cubic  yards  of  dams  built. 

A  derrick-boat,  with  a  small  working  force,  was  employed  for  a  few 
days  in  June  removing  obstructions  from  the  channel  in  the  vicinity  of 
Canton  and  Eaee  Track  Reefs,  taking  out  56  snags,  88  cubic  yards  of 
rock,  and  cutting  down  34  overhanging  trees. 

The  appropriation  of  $20,000,  act  of  1880,  and  the  estimate  herewith 
for  1882,  are  needed  for  the  continuance  or  completion  of  the  improve- 
ments above  named. 

All  increase  of  about  4  inches  in  the  minimum  depth  of  water  has 
been  gained  at  extreme  low-water  below  Nashville  by  these  unfinished 
improvements. 

The  original  estimate  of  cost  of  improving  Cumberland  River  below  Nashville  was 
r248,8*21. 

Total  amount  appropriated $205,000  00 

Total  amount  expended 17b,270  81 

Money  statetnmt. 

Jnly  1,  1879,  amount  available |42,2.')5  16 

Amount  appropriated  by  act  approved  June  14,  l^iHO  20, 000  0() 

$62, 255  16 

Jul V  1 ,  1880,  amount  exjiended  during  iiHcal  vear 35, 525  97 

July  1,  1880,  outstanding  liabilities \ 2,768  08 

38,294  05 

July  1,  1880,  amount  available 2.3.961  11 

Amount  (estimated)  required  for  completion  of  existing  project 43,  &4l  00 

Aiiioaa.t  that  can  be  profitably  expended  in  fiscal  year  ending  June  liO,  1882.     43, 821  00 

n. — ABOVE  NASHVILLE. 

SECTION  NASHVILLE  TO  KENTUCKY  LINK. 

Work  on  this  section  was  continaed  from  Julj'^  1  to  March  1,  when  ac- 
tive operations  were  suspended  in  conseqaence  of  floods. 


1676     REPORT   OF  THE   CHIEI*'   OF   ENGINEERS,    U.   8.  ARMY. 

On  the  15th  of  June  work  was  riesumed  at  Simpson^fl  Island  Shoals^ b^ 
clearing  the  channel  of  the  heavy  drift  accumulated  during  the  winter. 

The  amount  of  work  done,  and  the  present  condition  of  the  proposed 
improvements,  as  reported  by  Captain  Overman,  are  as  folloifB: 

1. — Bartletfs  Bar:  three-fourths  finished. 

2S(>  cubic  yards  eravel  taken  from  channel. 
ISO  cubic  yai'iU  dama  built. 

2. — Sand  ShoaU :  seven-tenths  finished. 

701  cubic  yanU  rock  take  from  channel. 
305  cubic  yards  ffrav«*l  taken  from  channel. 
4  8na|V8  taken  from  channel. 
1,007  cubic  yards  dams  built. 

3. — Indian  Creek  Shoals :  seven-tenths  finished, 

284  cubic  yards  rock  taken  from  channel. 

905  cubic  yards  gravel  taken  from  channel. 
4  sua^s  taken  from  channel. 
1,252  cubic  yards  rock  cpiarried. 
1,370  cubic  yards  dams  built. 

4. — Holliman^s  Island  Shoals:  seven-eighths  finished. 

695  cubic  yards  gravel  taken  from  channel. 
2  sna^  taken  from  channel. 
1,500  cubic  yards  of  i-ock  quarried. 
1,608  cubic  yard8  dams  built. 

5. — Cnb  Creek  Shoals:  seven-eighths  finished, 

2,565  cubic  yaids  grayel  taken  from  channel. 
15  sna^s  taken  from  channel. 
470  cubic  yards  rock  quarried. 
1,925  cubic  yards  oams  built. 

6. — Simpson^ s  Island  Shoals :  four -fifths  finished. 

» 

2,256  cubic  yards  gravel  taken  frt>m  channel. 

74  snags  taken  from  channel. 
1,101  cubic  yards  rock  quarried. 
If 032  cubic  yards  dams  built. 

A  derrick-boat,  employed  a  short  time  on  this  section,  removed  frfi 
the  channel  at  isolated  points*593  snags,  logs,  and  overhanging  tree^ 

The  appropriation  of  1880,  for  this  section,  together  with  that  a^k^ 
for  herein,  will  be  applied  to  continuing  the  work  at  the  above-nani*^- 
ishoals,  and  beginning  the  improvement  of  Goose  Creek  Shoals,  DonA 
son's  Horse  Ford,  snagging  and  dredging  the  channel,  &e.,  where  vs\<3^ 
needed. 

Maney  statement. 

July  1,  1879,  amount  available.; $21,664  07 

Amount  appropriated  by  act  approved  June  14,  18S0    15, 000  00     ,    . ,  ,* 

July  1,  1880,  amount  expended  during  fiscal  year 17, 5?3  03 

July  1,  1880,  outstanding  liabilities 467  l32     ,  qqi,  i- 


-  !  i*) 


July  1,  1880,  amount  avaUable 1^>2 

Amount  (estimated)  required  for  completion  of  existing  project ^'  Jff  j,', 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1^-   ^'  ^"^ 
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• 


SECTION  KKNTUCKY  LINE  TO  SMITH'S  SHOALS. 

4 

The  only  work  done  apon  thin  section  daring  the  fiscal  year  was  by 
means  of  a  snag-boat,  which  worked  through  the  entire  section,  and  re- 
moved 50  cubic  yards  of  bowlders,  and  I,I9t>  snags,  logs,  and  overhang- 
ing trees. 

This  section  extends  to  the  head  of  steamboat  navigation.  The  funds 
now  available,  together  with  the  estimate  herein,  should  be  applied  to 
the  improving  of  Wolf  Creek  Shoals  and  Wild  Goose  Shoals,  and  the 
Hnagging  and  dredging  of  the  channel.  The  former  is  threefom-ths  and 
the  latter  is  one- fourth  finished. 

Money  statement 

July  1,1879,  amount  ftvailable $6,003  49 

Amount  appropriat'ed  by  act  approved  June  14,  1880 10, 000  00 

816, 003  49 

July  1,  1880,  amount  expended  during  fiscal  year 1,774  50 

July  1,  1880,  amount  available 14,228  99 

Amount  (estimated)  renuired  for  completion  of  existing  project 57, 609  00 

Amouut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 188*2 .     57, 609  00 

4BCTI0N  smith's  SHOALS,  THREE-FOURTHS  FINISHED. 

Work  was  carried  on  during  the  fiscal  year  on  this  section  for  about 
four  and  a  half  months,  from  July  to  November,  when  the  work  was 
stopped  for  want  of  ftinds* 

The  Smith's  Shoals  obstmctions,  especially  that  part  known  as  Long 
Shoals,  has  been  found  more  formidable  than  was  anticipated,  and  may 
leqnire  some  change  of  plan  to  overcome  the  difficulties  encountered. 

While  at  low-water  a  person  may  walk  about  these  shoals  dry  shod, 
it  iR  found  that  during  the  flood  stages  the  stream  becomes  a  torrent  of 
soch  force  as  to  pick  up  large  stones  and  roll 'them  along  as  a  smtdl 
stream  does  pebbles.  The  dams  built  to  narrow  the  channel  have,  from 
this  cause,  been  seriously  damaged,  and  it  is  found  that  great  care  must 
be  taken  in  locating  the  dams  to  avoid  dangerous  waves  being  fornied, 
which  swamp  boats  and  neutralize  the  benefit  of  the  additional  depth 
of  water  gained  by  them.  All  the  work  done  in  smoothing  the  bottom 
of  the  channel  is  without  question  advantageous,  and  the  dams  can 
doubtless  be  made  so  by  certain  modifications  suggested  by  past  ex- 
perience. A  careful  examination* of  the  dams  is  now  being  made,  with 
a  view  to  ascertaining  the  exact  cause  and  extent  of  damage  done  by 
last  winter's  flood,  and  the  best  means  of  overcoming  the  difficulties 
encountered. 

At  the  four  shoals  forming  this  obstruction,  the  following  work  was 
done  during  the  fiscal  year : 

10,  •'>22  cubic  yurds  Holid  rock  excavated  from  chauuel. 
r>,  130  cubic  yards  loose  rock  aud  f^avel  excavated  from  chauuel. 
4,  403  cubic  yanls  rock  quarried. 
i  ],  993  cubic  y&rds  dams  tmilt. 

61U  cubic  yards  uiasonry  in  cement,  to  form  a  false  bottom  to  lengthen  slope. 
492  cubic  yanls  concrete  (surfacing). 

Money  statement 

luly  1,  1879,  amount  available $22,443  03 

imonnt  appropriated  by  act  approved  June  14,  188<) 20, 000  00 

142, 443  03 

Fuly  1,  1880,  amount  expended  during  fiscal  year 22,096  38 

fiilv  1»  1880,  outstanding  liabilities 31  00 

22, 127  38 

hily  1,  1880,  amount  available 20,315  66 

f 

f 
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Amount  (estimated)  required  for  comple'tion  ol'exutiDg  project $10,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     10, 000  00 

SECTION  smith's  SHOALS  TO  THE  FALLS  OK  THE  CUMBERLAND. 

^o  appropriation  has  been  made  for  this  section  since  act  of  Jane  18, 
1878.  The  small  balance  available  has  been  expended  in  removing  246 
cubic  yards  of  loose  rock,  &c.,  from  the  channel.  The  entire  work  on 
this  section  has  been  done  below  the  mouth  of  Laurel  River,  and  con- 
fined  to  the  removal  of  the  worst  obstructions. 

Money  statement. 

July  1,  1879,  amount  available $373  11 

July  1,  1880,  amount  expended  duiing  fiscal  year 373  U 

The  dams  and  rock  excavation  are  of  a  permanent  nature,  but  it  wiD 
require  a  small  annual  expenditure  be^^ond  the  estimates  for  repairs  aod 
for  removing  snags  and  excavation  of  gravel,  &c.,  from  bars. 

Capt.  L.  C.  Overman  rei)orts  in  regard  to  statistics  of  commerce  and 
navigation  as  foUows : 

Accurate  statistics  regarding  the  commerce  of  the  Cumberland  River  are  difficult  u 
obtain,  being  meager  and  irregular. 

There  are  in  all  about  sixteen  steamers  engaged  in  commerce  on  the  CnmberliK! 
River,  averaging  about  300  tons  each.  These  steamers  run  between  Nashville^  TeiiL., 
and  the  various  cities  and  towns  on  the  Cumberland,  Tennessee,  Mississippi,  and  Ohii 
Rivers  and  their  tributaries.  During  high-water  llie  smaller  of  these  steamers  alv 
ascend  the  Caney  Fork  aud  Obey's  River  branches  of  the  Cumberland  River. 

The  total  of  pro<lucts  brought  to  and  from  Nashville  annuallv  is  about  as  follow* 
Tobacco,  $1,50(1,000:  cotton,  $.,00,000;  iron  trade,  $1,600,000;  com,  |l,'2nO,000:  Icb- 
ber.  1800,000;  coal,  $100,000;  wheat,  $00,000;  oats,  $70,000;  salt,  $75,000;  auodndk 
$500,000. 

The  entire  valley  of  the  Cumberland  River  will  be  largely  benefited  by  the  impr»vT> 
ment  of  the  river,  as  railroads  cross  the  river  at  but  few  points,  and  as  a  rale  an  t'^ 
distant  from  the  immediate  lands  along  the  river  to  render  transportation  cheap.  IV 
ooal  of  the  upper  river  aiid  the  iron  of  the  lower  river  depend  almost  eutirelj  vp<* 
the  river  for  a  means  of  getting  to  market,  and  with  the  iiapn»vemeut  of  the  n\ri 
corresponding  improvement  in  the  trade  in  these  articles  will  follow.  The  loE-f 
trade  is  increasiug  rapi<lly  each  year. 

This  work  is  in  the  collection  district  of  New  Orleans. 

The  estimate  of  cost  of  improving  the  Cumberland  River,  above  Nashvilk, «» 
$28:),764. 

The  whole  amount  appropriated  for  and  expended  on  the  sections  specified  is  a^fv-* 
lows : 


Nashville  to  Kentnvky  Dne  

Kentucky  line  to  Smith's  Shoals 

Smith's  Shoals 

Smith's  Shoals  to  Falls  of  the  Cumberland , 


Total 


* 

Appropriated. 

Kxp«d.t 

$6f^000  00 

34.  (IOC  00 

90.4100  00 

4,0U0  00 

196,000  00 

i4taK;  c 

V  3. 

IMPROVKMENT  OF  THE  HIAWAS8EE  RIVER,  TENNESSEE. 

There  being  no  funds  available  for  this  work  at  the  liegiuoing  of  tbv 
fiscal  year,  active  operations  were  not  resumed  until  August^  when  llitf 
appropriation  of  March  3,  1879,  was  made  available. 

Operations  were  directed  towards  the  completion  of  the  improvement's 
at  Matthew's  Shoals,  MagilPs- Island,  aud  Cauefield  Eeef. 
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The  appropriation  being  a  small  one,  only  $3,000,  it  was  so  nearly 
exhausted  that  it  became  necessary  to  suspend  operations  in  October, 
^hen  the  boats  and  tools  were  laid  up  under  charge  of  watchmen,  and 
80  remained  at  the  end  of  the  fiscal  year. 

The  following  quantities  of  work  were  done  during  the  season : 

Earth  nlripping  from  quarries 213  cubic  yards. 

Rock  quarried .• 581  cubic  yards. 

Rock  blasted  from  cbanoel 98  cubic  yards. 

Rock  placed  in  daniH  and  riprap 6r.6  cubic  yards. 

Gravel  excavated  from  channel 59  cubic  yards. 

Brush  placed  in  dams 42  cords. 

The  work  has  been  carried  on  by  hired  labor. 

The  improvement  of  this  river  was  begun  in  1877,  and  consists  in 
securing  additional  depth  of  channel  at  shoal  places  by  excavation  and 
by  narrowing  the  water-way. 

The  original  examination  and  project  for  this  improvement  \i  as  made 
in  1874,  and  the  estimate  of  cost  then  made  was  $20,0^)0. 

As  stated  in  my^  last  annual  report,  this  amount  wil]  not  be  sufficient 
by  at  least  $10,000  to  complete  the  work  as  far  as  Savannah  Ford,  for 
the  reasons  that  the  work  is  being  done  in  the  most  thorough  and  sub- 
stantial manner,  and  that  some  of  the  rock  excavation  proves  to  be  ex- 
ceptionally difficult. 

The  work  is  now  essentially  completed  as  far  up  as  Charleston,  and 
the  present  a])propriation  '1880)  and  that  asked  for  in  the  estimate  here- 
with are  needed  for  extending  the  improvement  above  Charleston  towards 
Savannah  Ford.  . 

The  navigation  of  this  river  has  been  greatly  improved  by  the  work 
alrt^ady  done,  and  the  amount  of  commerce  has  been  correspondingly 
increased. 

£8t  iinates  for  improving  Hiawassee  River $30, 000  00 

Ainoaut  appropriated 26,000  00 

Auiouut  expended 22, 966  80 

* 

Money  staUment. 

July  1,  1879,  amount  available $3,035  92 

A  mount  appropriated  by  act  approved  June  14,  1880 3, 000  00 

$6, 0a5  93 

July  1, 1880,  amount  expended  during  fiscal  year 3, 002  72 

July  1, 1880,  outstanding  liabilities 33  20 

3,035  92 

Jnly  1, 1880,  amount  available 3,000  00 


Amount  (estimated)  required  for  completion  of  existing  project 4, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18^2.     4, 000  00 


V4- 

IMPROVEMENT  OF  FRENCH  BROAD  RIVER,  TENNESSEE. 

A  n  appropriation  of  $  10,000  was  made  for  improving  this  river  '^  between 
ICiioxviile  and  tbe  mouth  of  Big  Creek,"  act  of  June  14, 1880  (Knoxville 
is,  strictly  speaking,  4J  miles  below  the  mouth  of  the  French  Broad),  but 
the  funds  not  being  available  until  after  the  1st  of  July,  no  work  was 
clone  during  the  fiscal  year. 

Tbe  money  now  (July  20)  being  available,  it  is  proposed  to  begin  work 
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at  once  by  organizing  a  force  and  removing  the  more  tronblesome  snags. 
bowlders,  and  other  obstnictions  along  the  river  from  its'  month  to 
Lead  vale,  or  as  much  of  it  as  can  be  done  during  the  balance  of  th%  low- 
water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
operations  and  blasting  rock  from  the  channel,  building  wing-dams,  &c., 
to  secure  a  permanent  increase  of  depth  to  th^  channel. 

No  statistics  as  to  the  amount  of  benefit  to  commerce  to  be  expected 
from  this  improvement  have  been  procured,  other  than  those  given  in 
the  reports  of  the  original  examinations  of  this  river.  (See  reports  of 
Chief  of  Engineers,  1871,  pp.  491  to  494 ;  1876,  pp.  718  to  722.) 

The  French  Broad  River,  in  Tennessee,  extends  from  Paint  Bock 
(State  line)  to  its  mouthy  4^  miles  above  Knoxville. 

From  Paint  Rock  to  Lead  vale,  a  distance  of  31  miles,  no  estimate  oi 
cost  of  improvement  has  been  made,  for  the  reasons  given  bv  Maj.  Walter 
McFarland.    (See  Report  Chief  of  Engineers,  1876,  p.  7190 

No  estimate  has  been  submitted  for  improving  the  river  between 
Leadvale  and  Dandridge,  distance  about  20  nules,  having  nine  piind 
pal  obstructions. 

Ori^nal  estimate  of  cost  ftem  Dandridge  to  rnoath  of  river,  $150,000.     (8ee  Report 
of  Chief  of  Engineers,  1871,  p.  494.)    Amount  appropriated,  $10,000. 

Money  itatement. 

Amount  appropriat'ed  by  act  approved  June  14,  1880 $10,  flOO  i 

July  1, 1880,  amount  available 10,OOo» 

Amount  (estimated)  reouired  for  completion  of  existing  project  . , 140, 006  ^ 

itmoant  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1882 . .    10,  Odd  ^ 


Vs. 

IMPROVEMENT  OF  CLINCH  RIVER,  TENNESSEE. 

An  appropriation  of  $10,000  was  made,  act  of  June  14, 1880,  foriifi 
proving  this  river,  of  which  sum,  $6,000  shall  be  expended  above  m 
$4,000  below  Haynes,  but  the  funds  not  being  available  until  after  H^ 
Ist  July,  no  work  was  done  during  the  fiscal  year. 

The  money  now  (July  20)  being  available,  it  is  proposed  to  begin  work 
at  once  by  organizing  a  force  and  removing  the  more  troublesome  snag^ 
bowlders,  and  other  obstructions  along  the  river,  between  the  head  i^ 
navigation  and  Kingston,  or  as  much  of  it  as  can  be  done  during  tbr 
balance  of  the  low- water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  the^ 
operations,  and  blasting  rock  from  the  channel,  building  wing-dams,  &c 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefroiu 
(see  report  of  Chief  of  Engineers,  1876,  pp.  741  to  745). 

The  original  estimate  for  improving  the  Clinch  River  in  Tenaessets  from  the  boumlarr 
line  between  Virginia  and  TenneHsee,  distance  230  miles,  was  $^6,400,  atnoant  appn"- 
priated  910,000. 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 fWi  ^**  ^ 

July  1,  18i^0,  amount  available 10,0»«»<'«^ 

Amount  (qstimat^d)  required  for  completion  of  existing  project 16, 4W  IH' 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882  -     10, 0»*  '•*- 
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V  6. 

IMPROVEMENT  OF  DUCK  RIVER,  TENNESSEE. 

An  appropriation  of  $7,000  was  made  for  improving  this  river,  act  of 
Jane  14, 1880,  bnt  the  fands  not  being  available  until  after  the  1st  of 
Joly,  no  work  was  done  daring  the  fiscal  year. 

The  money  now  (Joly  20)  being  available,  it  is  proposed  to  begin  work 
at  once  by  organizing  a  force  and  removing  the  more  troublesome  snags^ 
bowlders,  and  other  obstructions  along  the  river  below  Genterville,  or 
as  much  of  it  as  can  be  done  during  the  balance  of  the  low-water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
operations,  and  blasting  rock  from  the  channel,  building  wing-dams,  &c., 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

Original  estimate  of  cost  of  improving  Duck  River,  Tennessee,  was  $35,118;  amount 
appropriated  $7,000. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefrom 
(see  report  of  Ohief  of  Engineers,  1880). 

Money  statement. 

Amount  appropriated  by  act  approvedJune  14,  1880 $7,000  00 

July  1,  1880,  amount  available 7,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 28, 118  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882. . .  10, 000  00 


examination  of  duck  biyeb  from  its  mouth  to  oentebvillb^ 

tennessee. 

United  States  Engineeb  Office, 
Chattanooga^  Tenn.j  November  22, 1879. 

Genebal  :  I  have  the  honor  to  submit  herewith  a  report  on  an  ex- 
amination of  Duck  River,  made  in  compliance  with  your  letter  of  instruc- 
tion of  the  25th  of  April,  1879. 

Assistant  Engineer  D.  L.  Sublett  was  detailed  to  make  the  examina- 
tion, and  his' report,  which  is  appended  hereto^  shows  that  an  expendi- 
ture of  $35,000  will  make  this  stream  navigable  for  half  the  year,  which 
svill  answer  all  puri>oses  of  navigation.  At  extreme  low  stages  there 
s  not  enough  water  to  fill  a  channel  of  sufficient  size  to  float  steamers, 
lud  low-water  navigation  cannot  therefore  be  provided  for  without 
-esorting  to  locks  and  dams,  at  a  cost  far  in  excess  of  what  the  needs  of 
'x>ininerce  would  justify. 

The  obstructions  generally  consist  of  rock  reefs,  gravel  bars,  and  snags, 
\f  the  same  general  character  as  those  in  most  of  the  streams  in  tiSis 
e^on,  and  the  proposed  improvements  consist  of  rock  and  gravel  ex- 
avation,  building  wing-dams,  and  removing  snags  and  overhanging 
rees.  The  improvement  once  completed  will  be  comparatively  perma- 
en  t,  and  will  require  but  little  expense  in  the  way  of  repairs  for  a  num- 
er  of  years. 

In  the  year  1846  the  State  of  Tennessee  chartered  a  company  styled 
le  ^^  Duck  Biver  Slaekwater  l^avigation  Oompaoy,"  giving  this  com- 
any   "  the  exclusive  right  for  fifty  years  from  January  15,  1846,  to 
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navigate  Duck  River  with  steamboats,  barges,  and  keels."  Under  this 
charter  work  was  commenced  below  Columbia,  Tenn.,  and  one  or  more 
locks  were  partially  completed.  As  the  rights  of  this  company,  if  still 
in  existence,  might  be  brought  in  question,  in  case  the  government 
diould  undertake  to  improve  the  river,  I  addressed  a  letter  to  Gov 
ernor  Marks,  asking  information  on  the  subject,  and  in  reply  received 
a  letter  forwarded  from  Hon.  W.  C.  Whitthome,  stating  that— 

The  Dnck  River  Slackwater  Navigation  Company,  in  a  suit  against  the  conipaDy'^y 
a  part  of  its  stockholders,  was  perpetually  enjoined  from  the  prosecution  of  its  work. 
Ac,  in  December,  1853,  by  the  chancery  court  at  Columbia,  Tenn.  Since  then  s 
other  company  has  attempted  to  revive  the  enterprise  in  any  shape. 

The  terms  of  the  charter  required  that  the  work  should  be  compltt«; 
within  twenty  years,  which  was  afterwards  extended  to  twenty H^^ 
years.    The  charter,  therefore,  expired  by  limitation  in  1871,  unless; 
has  been  renewed  at  some  time  since  1848.    I  cannot  learn  eertai  > 
whether  this  has  been  done,  but  presume  it  has  not;  and  it  is  not  ]»n  - 
able  that  any  trouble  can  anse  from  the  aforesaid  company;  but  if  li* 
State  of  Tennessee  claims  the  right  to  grant  the  exclusive  privilejje 
navigating  Duck  Hiver  to  private  parties,  it  would  seem  proper  tbatiii' 
United  States  should  require  some  assurance  that  this  right  will  uof  |r 
exercised  before  expending  money  for  improving  that  river.    1  m 
therefore  suggest  that,  if  an  ai)propriation  is  made,  it  be  "prtniddtl 
before  any  of  this  money  be  ex])ended  the  State  of  Tennessee  shall  ^ 
linquish  all  right  and  control  over  the  navigation  of  said  Duck  1^:*: 
below  Centerville,  Tenn.,  and  shall  guarantee  that  no  claim  shall  ' 
brought  against  the  United  StHt<»s  in  consequence  of  any  fr.uiil" 
granted  by  said  State." 

The  maps  pertaining  to  this  examination,  which  consist  of  one  geiT- 
map  of  the  river  from  Centerville  to  the  Tennessee  River  and  tbi" 
eight  detailed  sketches  of  the  j)rincipal  obstructions,  showing  thel* 
tions  of  the  proposed  improvements,  will  be  forwarded  as  soon  iwt'* 
are  cojiied. 

This  river  is  in  the  collection  district  of  New  Orleans,  and  the  nearest  port  of^l-- 
ery,  hy  water,  is  Paducah,  Ky. 

The  probable  advantages  to  be  derived  by  the  improvement  anr^' 
forth  in  Mr.  Sublett's  report  herewith. 

Very  respectfully,  your  obedient  servant, 

W.  R.  King, 


The  Chief  of  Engineers,  U.  S.  A. 


Major  of  EngvMtn. 


REPORT  OF  MR.   D.   L.   SUBLETT,  ASSISTANT  ENGINEER. 

Chattanooga,  Tenn.,  October  U,  I"*- 

.Major:  I  would  respectfully  present  herewith  my  report  on  the  exaininji'iw^^* 
Duck  River  from  Centerville,  Hickman  County,  Tennessee,  to  its  couflaenec  «"ith'^ 
Tennessee  River,  about  14^  miles  above  Johnson ville. 

In  obedience  to  orders  received  August  27, 1  left  Elk  River  Shoals,  Alabama,  no  * 
28th,  and  proceeded  to  Columbia,  Tenn.,  arriving  on  the  '^th.  This  is  the  u*-!-* 
point  by  rail  to  Centerville,  distance  about  33  miles  by  land  and  55  by  Dai'k  Kj'* 
Soon  after  reaching  Columbia,  a  heavy  ruin  began  and  continued  for  tw'o  lUJ 
Learning  that  no  boats  c  uld  be  obtained  at  Centerville,  two  were  hired  at  Col"'"  * 
I  proceeded  down  Duck  River  to  Centerville,  arriving  there  on  the  evening  of  ?»•' 
September,  the  river  being  about  8  feet  above  low- water.  On  Mondftyt  "»«•  f^^* 
river  having  fallen  to  2  feet  above  low- water,  operations  were  began.  Having  l^ 
oared  here  a  pilot  familiar  with  the  river,  the  examination  was  continaed  wiiu*! 
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interroptioit  to  Tennessee  River,  and  was  completed  on  the  22dy  when,  in  accordance 
with  iDstractions,  I  proceeded  to  Johnson vi lie,  and  thence  by  rail  to  Chattanooga. 

The  following  are  the  resulta  of  the  examination:  Centerville,  the  highest  point  to 
which  steamboats  have  succesHfnlly  ascended,  is  situated  near  the  western  edge  of  the 
blue  grass  section  of  Middle  Tennessee,  and  is  by  actual  measurement  made  by  the 
engine«»r  of  the  Duck  River  Slackwater  Navigation  Company,  67  miles  from  the  Tennes- 
see River.  In  the  winter  of  lH77-7d,the  steamer  Shields  made  two  successful  trips  to 
Centerville,  and  also  the  steamer  Mary  Clese  made  a  ti-ip  about  1875.  Both  steamers, 
liowevor,  were  damaged  by  overhanging  trees  and  sna^s,  and  further  attempts  were 
ahaudoned.  Thoufirh  successful  in  a  pecuniary  point  of  view,  the  risk  was  considered 
too  great  Duck  River  was  regularly  navigated  a  few  years  liack  by  flat-boats  carry- 
ing *Z00  tons  of  pig-iron.  When  the  ^tna  Furnace  was  operated,  about  2,0(>0  tons  of 
pi^-iron  wore  annually  shipped,  until  the  suspension  of  operations  by  the  depression 
fn  the  iron  trade.  Steamboats  have  frequently  run  as  high  as  the  Hackle  Shoals 
about  25  miles  from  the  mouth.  This  is  the  most  formidable  obstruction  on  the  river. 
Tho  Ht4'aQier  Shields  was  125  feet  long,  22  feet  wide,  and  drew  18  incheu  light,  and  had 
a  capacity  of  200  tons.  I  was  unable  to  obtain  the  dimensions  of  tho  Mary  Clese. 
Private  etforts  are  now  being  made  to  build  a  l>oat  especially  lor  the  Duck  River  tra^le 
by  some  of  the  citizous. 

The  character  of  the  obstructions  found  on  Duck  River  consists  almost  entirely  of 
short  gravel  bars  or  ritlges,  with  intervening  piM)Ls  of  deep  water  from  a  quarter  of  a 
mih"  to  4  miW  long  (the  water  in  the  pools  beiug  generally  from  4  to  10  feet  deep). 
Overhanging  trees,  snags,  logs,  and  trees  lodged  in  the  channel,  which  latter  ob- 
structing the  river,  cause  a  division  of  the  water.  The  removal  of  these  latter  ob- 
structions and  confining  the  river  to  a  single  channel  by  meaus  of  ri]»rap  dams  will,  it 
is  Iwdieved,  procure  from  "^  to  ^  feet  of  water  during  the  boating  scjison.  Few  of  the 
bars  have  less  than  1  foot  of  water  at  extreme  low-wat«'r. 

From  the  most  n^liable  informatiou,  gathtavd  by  repeated  in([uiries,  I  learned  that 
ordinary  winter  ti<le  was  from  2  to  H  feet  above  low-water,  which  woTild  give  with 
the  improvements  contemplated  ampin  water  for  4  to  (i  months'  navigation.     Thero  is 
but  one  rock  shoal,  namely,  **Blue  Rock, ^- and  this  ]»resent8  no  serious  obstacles  to 
navigation.     Estimates  for  4  to  (»  months'  navigation  were  made,  the  volume  of  water 
nor  being  suthcient  for  low-water  navigation  without  locks  and  dams.     From  Center- 
ville to  near  its  mouth  Duck  River  is  uniformly  bouud«Ml  by  a  rock  bluff  on  one  side 
and  rich  alluvial  bottoms  on  the  other,  alturuating  and  changing,  however,  at  each 
bend  of  the  river.     The  banks  are  froui  10  to  25  feet  high,  and  on  the  bluff  side  from 
100  t*>  200  feet  high.     There  is  no  instance  where  ext-ensive  bottoms  or  bluffs  occur 
on  botli  sides  at  the  same  time.     The  bluffs  consist  of  subcarboniferous  limestone  and 
thick  strata  of  a  dark  silicious  rock,  which  is  finely  displayed  at  the  "  Grandfathers 
and  Grand  mot  lid's"  buildings  in  clilfs  from  150  to  200  feet  high.     The  prevailing  rock 
in  Humphreys  County  is  sandstone,  susceptible  of  high  polish.     The  banks  are  of  a 
light  alluvial  nature,  with  a  substratum  of  gravel  near  the  water's  edge  about  2  feet 
thick  ;  the  bottoms  are  broad,  exceedingly  fertile,  and  highly  cultivateu.     The  valleys 
of  Pine  River,  Beaver  Dam,  Little  Piney,  Sugar,  Hurricane,  and   Blue  creeks  also 
contain  large  areas  of  magnificent  bottoms,  which  readily  command,  from  $25  to  $50 

EtT  acre.  Big  Bottom,  which  extends  some  15  or  20  miles  above  the  mouth  of  Duck 
iver,  contains  about  17,000  acres.  The  time  allowed  being  brief,  surveys  were  only 
made  at  points  requiring  improvement,  the  distance  being  measured  by  a  trausitwith 
stadia  win^^s,  and  fall  ascertained  with  the  same  instrument.  The  distances  between 
lor*alities  are  closely  approximate,  and  were  corrected  from  time  to  time  by  mile  sta- 
tioiiH  established  by  Mr.  Drury,  the  engineer  who  surveye<l  the  river  for  the  **  Duck 
River  Slackwater  Navigation  Company."  The  fall  from  Columbia,  as  ascertained  by 
Mr.  Drury,  was  213|  feet  and  the  distance  125  miles,  or  1.70  feet  per  mile.  High-wato'* 
)u  tlie»  Tennessee  River  at  Fowler's  Landing  is  363  feet  above  tide  or  43.31  feet  above 
svater  surface  on  September  22,  and  high-water  at  Columbia  is  571  feet  above  tide  ; 
'.his  would  give  for  the  fall  from  Columbia  208  feet.  The  fall  is  very  evenly  distributed, 
he  i^reatest  being  at  Johnsou  Shoal,  which  is  5.29  feet  in  5,580  feet,  taken  when  the 
.vat<*r  was  soven-tenths  above  low-water.  High-water  was  ascertained  to  be  at  Cen- 
erville  28  feet  at  the  bridge  above  low-water;  at  Nick's  Ferry,  where  the  river  was 
larrow,  appn)xiniately  32  feet.  At  Haney's  Point  it  was  accurately  ascertained  to  be 
»4.24>  t'e^atf  being  back  water  from  the  Tennessee  River,  5  miles  distant.  At  Fowler's 
.»aii<iiug,  on  the  Tennessee  River,  it  was  found  to  be  43.31  feet  above  water  surface 
>e|»t ember  22,  or  approximately  45  feet  above  low-water.  The  Tennessee  backs  water 
o  Hurricane  Creekt  on  Duck  River,  about  19  miles.  A  short  distance  below  Center- 
'illt*,  near  Pace's  Island,  at  a  point  most  favorable  for  the  purpose,  cross-sections  were 
a  ken  every  10  feet,  and  the  volume  of  water  ascertained  to  be  at  approximate  teean 
elocity  1,270  cubic  feet  per  second,  the  river  being  2  feet  above  low-water ;  cross- 
'ctiouH  and  velocity  were  also  taken  below  the  mouth  of  Pine  River  and  Beaver  Dam 
n*ek,  and  volume  of  water  was  found  to  be  at  mean  velocity  1,187  cubic  feet  per 
>con<l,  the  river  being  1  foot  above  low- water.    A  tabulated  etatement  is  submitted 
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herewith,  showins  the  natrire  of  the  improvement  required  at  each  obetraction,  with 
the  lengtii  and  fau,  &c.    The  following  i8"the  estimated  cost  of  improving  the  river: 

2,700  cubic  yards  riprap  for  banks,  at  $1.50 •. $4.0tiii 

7,034  cubic  yards  riprap  dam,  at  f2 14.(» 

436  snags  aud  roots,  at  $3 It* 

162  trees  in  channel,  at|6 ICt 

127  cubic  yards  loose  rock  excavation,  at  $1 15 

50  cubic  yards  solid  it>ck  excavation,  at  $4 'A> 

3,400  cubic  yards  earth  excavation,  at  20  cents '. ty* 

10,«0  cubic  yard,  gravel  excvation,  \  ^-^  ^  j^  ^^-^^-IIV:: I   J' 

300  (about)  overhanging  trees,  at  $1 ^* 

20  per  cent,  for  engineering  and  contingencies 5*3 

Total 35,11 

The  most  effective  means  of  closing  the  chutes  has  been  demonstrated  to  be  bTie:s' 
in  *^  riprap,"  on  brush,  with  a  very  broad  base  and  sufficiently  high  to  confine  all  tb 
water  to  a  single  channel  at  ordinary  winter  tide.  One  rise  is  f^nerally  sufficki' 
make  the  dam  tight  with  leaves,  sand,  and  gravel  brought  down  by  the  river,  f^ 
leaning  trees  should  be  cut  in  winter  when  the  sap  is  down,  as  the  stamps  then  tbr 
out  sprouts,  which  afford  an  excellent  protection  to  the  loose  soil ;  if  cot  in  th«  f:x 
mer,  the  stumps  die  and  leave  no  protection  to  the  banks. 

In  1848  a  charter  was  granted  to  the  Duck  River  Slaokwater  Navigation  to  imp' 
the  river  to  Columbia  by  means  of  locks  and  dams.  One  look  and  dam  was  boihi  - 
Colimibia,  and  some  open  chaimel  improvements  made  below  CenterviUe,  bnt  orj, 
to  some  suits  instigated,  as  I  learned,  for  damag^,  and  a  lack  of  confidence  bri* 
stockholders  in  those  having  control,  tke  enterprise  was  abandoned. 

POPULATION,   RESOURCBB,  ETC. 

The  population  of  Hickman  and  Humphreys  counties  in  1870  aggregated  *^. " 
great  portion  of  which  reside  in  the  valleys  of  Duck  and  Buffalo  rivers  and  their  c: 
utaries;  they  are  remarkable  for  their  industrious,  economical,  and  law-abidiagla* 
its ;  for  two  yeara  there  was  no  inmat<e  in  the  jail  of  Hickflian  County,  and  ^(" 
docket  is  so  small  that  lawyers  find  it  difficult  to  make  a  living.  The  follovmC'* 
tistics  are  from  the  report  of  the  commission  of  agriculture  for  the  State  of  Tec^y 
for  1»72 : 

Hichnan  County, 

Total  assessed  acreage,  359,551;  value fl^^'J 

Total  value  of  taxable  property 1.**' 

Humphreys  County, 

Total  assessed  acreage,  322,133;  value fl*^^ 

Town  lots «^'" 

Value  assessed  property 1,4^  •• 

Agricultural  productions. 

8,000  acres  peanuts bushels..  ^  *^ 

9,956  acres  com do —  ^-* 

5,168  acres  oats do —   '^'\ 

876  acres  wheat do —  ^^^''^ 

120  acres  rye do.  .V     l'^ 

144  acres  Irish  potatoes do —     *  - 

180  acres  sweet  potatoes do —    1-'. 

279  acres  apples do —    ^"1' 

216  acres  peaches do —    -]•'* 

180  acres  sorghum galloDS..      »•' 

2,829  acres  grasses. 

These  statistics  are  about  the  same  for  Hickman  County,  and  the  prodactionii  ;.? 
principally  raised  on  Duck  River  and  its  tributaries.    The  chief  market  for  th?  P^'7' 
of  Hickman  County  is  Nashville,  by  means  of  wagons,  and  is  distant  some  sixty '^^ 
over  a  common  dirt  road  and  exceedingly  rough  country.    Still,  it  is  not  unc«wwsj|^ 
to  see  from  sixty-five  to  seventy-five  wagons  on  the  roaa  to  Nashville,  and  *^p^^ 
may  be  seen  in  Humphreys  County,  the  produce  being  hauled  to  the  Tennessee  KJ^^'' 
The  great  staple  in  these  counties  is  peanuts,  now  worth  in  market  fl*!^  P**^ 
and  m  1872  there  were  produced  in  these  counties  475,000  bushels. 
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h\g  Bottom  alone  shipped  150,000  bushels  of  com,  besides  many  hogs  and  large  quan- 
tt(i(^8  of  hay.  The  average  expense  of  hauling  peanuts  to  market  is  23  cents  per 
iHisIiel,  and  grain  cannot  be  raised  for  market,  as  the  cost  of  transportation  eats  up 
the  nrofits.  The  great  fiitnre  wealth  of  these  conntie«,  however,  is  the  immense  iron- 
ore  deposits,  whicn  lie  along  the  hills  and  valleys  bordering  Dnck  River.  The  JStna 
property,  situated  on  Beaver  Dam  Creek,  alone  has  enough  ore  to  supply  all  the  fur- 
naces that  could  be  conveniently  built  upon  it.  Timl^r  for  charcoal  purposes  is 
equally  abundant.  Some  consider  the  deposits  in  these  counties  equal  to  tne  Iron 
Monntain  of  Missouri ;  the  ore  yields  44  per  cent,  from  the  furnace.  This  property, 
the  finest  of  the  kind  in  the  State  •f  Tennessee,  now  lies  idle  for  the  want  of  cheap 
transiiortAtion. 

TIMBKR. 

Timber  is  everywhere  abundant  and  of  the  finest  quality ;  it  consists  of  all  the  dif- 
ferent varieties  of  oak,  white  hickory,  ash,  poplar,  walnut,  cherry,  chestnut,  black 
locust,  beech,  and  sycamore,  and  on  the  hills  the  long-leaf  pine  abounds,  as  does  also 
the  cedar  and  other  varieties.  Considerable  cotton  is  raised,  which  (inds  a  market  at 
Pine  wood,  where  there  is  a  cotton  factory.  .  There  is  also  on  Hurricane  Creek  a  woolen 
factory,  and  near  Buffalo  an  ax-handle  factory,  the  hickory  used  being  superior  for 
this  kmd  of  manufacturing.  Accompanying  this  report  is  an  index-map  of  the  river 
fi^m  Centreville  to  its  mouth. 

I  am,  major,  very  respectfully, 

D.  L.   SUBLETT, 

ABsiatant  EngiM&r, 
Mjv).  W.  R.  King, 

Corps  of  Engineers,  U.  S.  A, 
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V7. 

IMPROVEMENT  OF  OBErS  RIVER,  TENNESSEE. 

An  appropriation  of  $4,000  was  made  for  improving  the  Obed's  River. 
Tennessee,  Jane  14, 1880.  The  appropriation  is  understood  to  be  for 
Obey's  Biver,  and  based  upon  an  examination  of  that  river,  a  tribataiy 
of  the  Cumberland,  the  report  of  which  examination  was  made  Febniair 
6, 1879.  (See  Report  of  Chief  of  Engineers,  Appendix  T.)  The  spelling 
was  corrected  by  amendment  in  the  Senate  from  OhedHs  to  Ohey\  but 
the  printed  copies  of  the  act  still  retain  the  apparent  error.  There  is  ar 
Obedfs  Biver,  rising  near  the  source  of  Obei^s  Biver,  but  it  is  a  mnc^ 
smaller  stream,  and  runs  into  the  Emory  Biver.  No  examination  of  i: 
has  ever  been  made. 

The  funds  not  being  available  until  after  the  1st  July,  no  work  vl^ 
done  during  the  fiscal  year. 

The  money  now  {July  20)  being  available,  it  is  proposed  to  begin  wort 
at  onoe  by  organizing  a  force  and  removing  the  more  troublesome  snag^ 
bowlders,  and  other  obstructions  along  the  river,  or  as  much  of  it  as  can 
be  done  during  the  bfilance  of  the  low- water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  the^r 
operations,  and  blastin|^  rock  from  the  channel,  building  wing-dams,  &^ 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  GBtin». 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefri» 
see  Beport  of  Chief  of  Engineers,  1879,  p.  1277. 

Oriffinal  estimate  for  improving  Obey's  River,  Tennessee,  was  $11,869;  amoafiti^ 
propnated,  $4,000. 

Money  statement 

Amount  impropriated  by  act  approved  June  14,  1680 $4,0A ' 

July  1, 18&0,  amount  available 4,iff' 

Amount  (estimated)  required  for  completion  of  existing  project 7. 66' 

Amount  that  can  be  profitably  exx>enaed  in  fiscal  year  enoing  June  30, 1882 .  •    7,  ^ ' 


V  8. 
IMPROVEMENT  OF  CANEY  FORK  RIVER,  TENNESSEE. 

An  appropriation  of  $6,000  was  made  for  improving  this  liver,  actv^ 
Jane  14, 1880,  bat  the  fiinds  not  being  available  antil  after  the  1st  i 
Joly,  no  work  was  done  daring  the  fiscal  year. 

The  money  now  ( Jaly  20)  being  available,  it  is  proposed  to  b^giu  ^ 
at  once  by  organizing  a  force  and  removing  the  more  troablesome  sittT* 
bowlders,  and  other  obstractions  along  the  river,  or  as  much  of  it  as  cu 
be  done  daring  the  balance  of  the  low-water  season. 

The  amoant  herein  estimated  for  will  be  needed  for  continoing  tlv» 
operations,  and  blasting  rock  from  the  channel,  bailding  wing-dams,  &^- 
to  secare  a  permanent  increase  of  depth  to  the  channel. 

Ori^al  estimate  of  cost  of  improving  Caney  Fork  River  was  $90,2^ ;  amoaot  s> 
propnated,  $6,000. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimfttt 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefitm 
see  Beport  of  Chief  of  Engineers,  1879,  p.  1275. 
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Money  statement. 

Amount  appropriated  by  act  approved  Jane  14,  1880 (6, 000  00 

July  1,  1880,  amount  available 6,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 24, 228  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  12, 000  00 


V9. 

IMPROVEMENT  OF  COOSA  EIVER,  GEORGIA  AND  ALABA.MA. 

The  appropriations  for  this  river  are  made  applicable  to  that  portion 
lying  between  Borne,  and  the  Selma,  Eome  and  Dalton  BaUroad  Bridge. 

From  Bome  to  Greensport  the  river  has  been  put  in  a  tolerably  good 
navigable  condition  at  all  seasons,  by  the  excavation  of  reefs,  building 
of  wing-dams,  &c.,  as^explained  in  former  reports :  and  efforts  are  now 
direct^  to  the  removal  of  the  Ten  Island  Shoals  obstruction,  which, 
including  Whistenant's  Mill  Shoals,  requires  three  locks  and  several 
thousand  feet  of  dams.  The  work  at  this  point  has  been  carried  on  by 
hired  labor  continuously  during  the  fiscal  year,  and  is  now  making  good 
progress. 

Three  quarries  have  been  opened,  and  a  large  quantity  of  riprap  and 
dimension  stones  have  been  quarried,  and  a  sufficient  quantity  of  the 
latter  has  been  cut  to  justify  the  beginning  of  the  laying  of  masonry. 

The  foundation  of  a  dam  across  the  river  1,100  feet  long  has  been 
laid,  and  two  lockpits  have  been  excavated,  besides  considerable  pre- 
paratory work  in  the  way  of  laying  temporary  railroad  track,  building 
cars,  derricks,  &c. 

The  following  is  a  statement  of  the  work  done  during  the  fiscal  year : 

1,  0:S9  cubio  yards  of  solid  rock  excavated  from  channel. 
6, 124  cubic  yards  of  rock  quarried. 
3, 714  cubic  yards  of  rock  put  in  dams. 
5, 000  feet  of  timber  framed  in  dams. 

1  coffer-dam  (300  by  60  by  8  feet)  buUt. 
12»  756  cubic  yards  of  earth  embankment. 
1, 178  cubic  yards  of  stone  cut  for  locks. 
3,  350  cubic  yards  of  rock,  gravel,  d^c.  excavated  (pit  of  lock  1). 

51  cubic  yards  rubble  masonr^  laid  (foundation  of  lock  2). 

81  cubio  yards  stone  broken  fi>r  concrete  (lock  No.  2). 

The  present  appropriation  (1880),  and  that  herein  estimated  for,  will 
be  required  in  continuing  work  on  these  shoals  and  in  the  necessary 
preparations  for  extending  the  improvement  down  to  the  coal-fields  in 
Saint  Clair  County,  Alabama:  also,  in  completing  certain  minor  im- 
provements between  Bome  and  Oreensport. 

Further  details  as  to  the  present  condition  and  the  commercial  in- 
terests involved  in  this  improvement  will  be  found  in  the  following 
report  of  Lieut.  W.  L.  Marshall,  Corps  of  Engineers,  the  officer  in  im- 
mediate charge  of  this  work. 

Tbis  work  is  in  the  collection  district  of  Mobile.  The  revenue  collected  at  the 
nearest  port  of  entry  is  unknown  to  me. 

Xhe  original  estimates  of  cost  of  improving  the  Coosa  River  are  $552,347 ;  amount 
appropriated,  $225,000;  amount  expended,  $121,021.59. 
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Money  statement 

July  1,  1879,  amount  available $94, 887  57 

Amount  appropriated  by  act  approved  June  14, 1880 75, 000  00 

fie9,827  67 

July  1,  1880,  amount  expended  during  fiBcal  year 65, 849  16 

July  1,  1880,  outstanding  Uabilities 6,128  31 

71,977  Ki 

July  1,  1880,  amount  available 97,850  10 


Amount  (estimated)  required  for  completion  of  existing  project 327, 347  10 

Amoun  t  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    175, 000  &) 


report  of  first  lieut.  w.  l.  marshall,  corps  of  engineers. 

United  States  Engineer  Office, 

Home,  Ga.,  July  21,  i8SI. 

Sir:  During  the  past  fiscal  year  work  on  the  Coosa  River  has  been  confined  1-.> 
Whistenant's  and  Ten  Island  Shoals,  a  full  description  of  which  is  to  be  found  in  ik 
Annual  Report  of  the  Chief  of  Engineers  for  1878.  These  shoals  extend  forSmik 
below  Greensport.  In  this  distance  is  a  fall,  over  ree&  and  rocks,  of  24  feet  une(}ua)h 
distributed. 

The  project  for  the  improvement  consists  in  the  construction  of  two  dams  and  Ihrrt 
locks,  the  canalization  of  Wood's  Island  Chute,  and  the  excavation  of  a  chanDrl  ^' 
feet  wide  and  3  feet  deep  at  extreme  low-water  through  the  reefs  at  the  head  of  tk 
rapids. 

Of  this  work,  at  the  beginning  of  the  fiscal  year,  there  had  been  part  of  the  chaurrl 
excavation  done,  stone  had  been  quarried  for  the  dams,  and  part  of  the  dam  at  Wkii- 
tenant's  Shoal  built. 

During  the  past  fiscal  year  the  channel  excavation  throughout  has  been  compUuv 
with  the  exce])tion  of  not  exceeding  200  cubic  yards  at  Rock  Island  Reef. 

The  dam  at  WhiHtenant's  Shoal  is  essentially  completed,  and  1,100  feet  of  tht-t* 
of  the  dam  across  the  Coosa  River,  at  lock  No.  2,  built  and  filled  with  stone  to» 
height  of  3  feet. 

A  cofier-dam  was  built  in  September  about  the  site  of  lock  No.  1,  the  lock'-piteit- 
vated,  and  the  work  of  laying  masonry  betjan  December  1,  1879;  but,  on  the  IHit: 
December,  a  freshet  occurred  which  broke  through  both  ends  of  the  coft'er  and  stopp- 
work.  Several  attempts  were  mtule  to  repair  the  breaks,  but  the  current  in  siici » 
steep  slope  was  so  great  as  to  render  it  impracticable.  The  dam  was  repaired  in  J  i^ 
and  the  work  of  laying  masonry  was  resumed  July  1,  18d0.  At  present  an  efferti' 
force  of  masons  and  laborers  are  engaged  thereat. 

At  lock  No.  2  the  embankment  hfis  been  carried  around  its  head  to  the  island  Ixe)"' 
thus  causing  the  water  to  be  drained  away  from  behind  it,  and  the  excavation  f«>ribf 
lock-pit  has  been  commenced.  This  embankment  is  to  be  carried  above  extrenieh:?'^ 
water,  and  is  now  half  d6ne.  The  lock  is  to  be  connected  with  the  dam  above  it  1»; 
a  high  embankment  or  dam  16  feet  in  haight,  the  material  for  which  has  l^eii  p^' 
pared.     This  embankment  or  dam  is  400  feet  long. 

In  August,  1879,  a  quarry  was  opened  near  lock  No.  1  for  the  stone  for  that  1^^*^ 
The  formation  is  a  bard,  fine-grained  sandstone,  nearly  metamorphos4?d,  and  oecaT^'> 
bowldern  of  various  sizes  and  of  very  irregular  shape,  making  the  quarrying  and  tnUiQ^' 
much  more  expensive  than  was  foreseen. 

Few  stones  came  from  the  quarry  with  even  an  approximation  to  a  butt  or  Joint,  is 
irregular  masses,  which  must  be  hewn  on  all  sides.  An  average  force  of  fifty  qnarrr- 
men  and  stonecutters  have  been  kept  at  work  in  this  quarry,  and  all  the  stone  is  bov 
quarried  and  cut  for  lock  1,  with  the  exception  of  the  coping  and  some  of  the  »p«cU! 
stone  for  the  lift- walls  and  miter-sills.  These  stones  must  be  obtaine<l  from  a  lii^ 
stone  ledge  found  above  the  shoal,  which  has  been  stripped  and  the  quarry  opeofd. 
A  third  quarry,  simiLar  to  the  sandstone  quarry  at  lock  1,  was  opened  in  Janiannt*' 
the  site  of  lock  2  for  the  purpose  of  getting  stone  for  that  lock.  A  force  of  from  fiftj 
to  seventy-five  cutters  and  quarrymen  have  been  engaged  in  preparing  stone  ftir  U^- 
ing.  About  one-half  the  stone  for  lock  *2  is  cut,  and  the  laying  of  masonry  will  b<fm 
as  soon  as  the  pit  can  be  excavated.  In  neither  of  the  sandstone  quarries  can  ^^^^ 
for  coping  be  had.  There  are  no  quarries  on  the  Coosa  between  Rome  and  Greeospo^* 
and  no  stone  within  50  miles  of  the  works  better  than  that  we  are  forced  to  lue. 
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It  may  be  uecossary,  at  considerably  greater  expeuse,  to  transport  stone  from  a  dis- 
t<ance  to  complete  the  locks,  but  I  still  ho))e  to  be  able  to  get  stone  for  lock  No.  3  in 
the  vicinity  of  its  site,  where  a  limestone  ledge  has  been  found. 

The  work  upon  this  improvement  is  nearly  or  quite  one-half  done,  and  it  is  evident 
that  its  cost  will  very  materially  exceed  the  estimate  made  for  it,  for  the  reason  that 
the  class  of  work  done  is  of  a  higher  grbde.  The  foundations  are  more  difficult  than 
anticipated,  the  stone  for  building  more  difficult  to  obtain  and  cut,  and  the  cost  of 
labor  and  material  generally  is  considerably  higher  than  when  the  estimate  was  made. 
In  this  connection  I  wish  to  call  attention  to  the  insufficient  estimates  of  cost  made 
for  the  work  on  the  Coosa  River.  In  Mr.  Long's  report,  the  cost  of  the  locks  is  esti- 
mated at  less  than  what  it  must  necessarily  cost  to  prepare  their  foundations. 

No  allowance  is  made  for  the  increased  height  of  walls  to  allow  navigation  during 
the  moderate  rises  of  the  river,  and  shoals,  with  falls  which  will  render  open  navigation 
impracticable,  are  considerea  navigable  with  channel  excavatiou  where  locks  will 
be  necessary. 

The  levels  and  surroundings  taken  during  this  sur>'ey  are  all  lost,  and  the  maps, 
therefore,  are  not  detailed  enough  to  allow  me  to  locate  the  necessary  works  or  to 
check  his  estimates.  Mr.  Long,  however,  doubled  the  previous  estimate,  and  with 
the  exception  of  the  locks,  hi^  prices  are  about  what  it  is  actually  costing  to  do  the 
work. 

The  object  of  the  work  at  the  Ten  Island  Shoals  is  primarily  to  throw  open  to  com- 
merce the  Coosa  River  coal-tields.  The  country  is  thinly  settled,  and,  with  the  excep- 
tion of  the  rich  mineral  deposits,  there  is  nothing  in  the  present  local  business  of  the 
river  which  will  justify  the  exjieuditure  necessary  for  its  imi)rovement  where  it  is  not 
DOW  navigable.  Three  locks  and  dams  at  Ten  Island  Shoals,  and  one  at  the  head  of 
Broken  Arrow  Shoals,  will  effect  this  most  desired  end.  The  prospective  business  of 
the  river  consists  mainly  in  the  transportation  of  this  coal  and  iron. 

If  Congress  does  not  "see  fit  tx)  embark  in  the  general  improvement  of  the  Coosa 
River,  it  is  at  least  advi^ablt^  to  penetrate  as  far  as  to  this  coal,  even  at  Broken  Arrow, 
'26  miles  below  Greensport.  A  dam  at  that  point,  even  without  a  lock,  in  addition  to 
the  work  at  the  Ten  Island  Shoal,  will  effect  this.  Afterwards,  if  thought  advisable 
to  carry  the  work  further,  the  lock  at  Broken  Arrow  could  be  built  without  interfering 
with  the  navigation  an  fnr  as  to  that  point. 

The  next  annual  ap]>ropriation  should  be  sufficient  to  build  this  dam  and  complete 
the  work  at  (jrreen»p()rt,  otherwise  the  locks  at  Greens]>ort  will  be  U8<»les8  for  some 
tini<?  after  their  construction  on  account  of  the  obstructions  between  the  foot  of  Ten 
Lslund  Shoals  and  the  coal-fields.  These  obstructions  consist  of  reefs  near  Miller's 
Ferry  and  at  Box  Creek,  over  which  it  is  im])racticable  to  make  a  safe  navigation 
without  slack  water. 

There  are  now  employed  in  the  trade  of  the  Ct>osa  River  five  steamers,  two  of  which 
/ire  nuiall  tugs  employed  constantly  in  towing  logs  to  the  saw  mills  at  Gadsden;  the 
otb«T8  are  employed  in  the  trade  of  the  Tpper  Coosa,  are  from  120  to  IG5  feet  in  length, 
and  from  bO  to  300  tons  burden.  A  sixth  steamer,  160  feet  long  by  'AO  feet  beam,  is 
Jieiiig  built  at  Gadsden,  and  another  will  be  built  in  the  spring  of  Irtt^l  by  the  Georgia 
aiHl  Alabama  Steamboat  Company. 

The  business  of  the  river  consists  in  the  transportation  of  cotton,  pig-iron,  lumber, 
and  wheat,  and  return  freights  of  guano,  provisions,  and  merchandise. 

Tliere  arc  300  miles  of  river  navigation  al>ove  the  obstructions  at  Greensimrt  on  the 
C<MKHik  River  and  its  tributaries,  the  Oostenaula  and  Coosawatttn.* ;  lt<r>  miles,  from  Rome 
t«f  <rreensport,  being  navigable  throughout  the  year,  and  the  remainder  for  six  mouths 
111  th<»  year. 

I  have  not  been  able  to  get  any  reliable  statistics  of  the  river  trade.  There  are 
ihoiit  20,000  bales  of  cotton,  15,000,000  feet  of  lumber,  3,000  tons  of  guano,  pig-iron, 
Liicl  general  merchandise,  and  nearly  the  entire  supply  of  com,  bacon,  fiour,  and  gro- 
•eries  lor  the  population  as  far  as  to  Broken  Arrow  Creek.  The  inhabitants  of  the 
'aI2«*y  have  no  other  means  of  transportation  except  in  the  immediate  vicinity  of 
rUflscleu,  whence  a  short  branch  of  railroad  taps  the  Alabama  Great  Southern  Railroad ; 
»ut  the  principal  demand  for  the  improvement  of  the  Coosa  River  below  Greensport 
ri«4*H  irom  the  desire  for  cheap  fuel,  which  the  people  hope  to  obtain  by  river  trans- 
or  tuition  from  the  Coosa  coal-tields. 

There  are  nine  blast-furnaces  in  the  vicinity  of  Rome  and  the  Upjier  Coosa  Valley, 
rliieh,  from  the  growing  scarcity  of  wood  forcharcoalj  will,  in  a  few  years,  have  to  go 
ut  of  blast,  or  purchase  coal  at  ruinous  rates  if  the  price  of  fuel  is  nol  very  materially 
Mliiced. 

T'lie  iron  ores  of  this  vicinity  are  very  superior,  and  the  a<l vantages  for  its  mauu- 
cttire,  when  cheap  fuel  is  once  assured,  are  such  as  will  necessarily  cause  a  great  de- 
*l€>|>ment  in  this  industry  here.  All  the  manufacturing^  industries  of  parts  of  North 
3<>r^ia  and  Alabama  depend  for  development  and  maintenance  upon  the  iui prove- 
out  in  qneation.  At  present  consumers  pay  from  $3.25  to  $6  per  ton  for  bituminous 
•a1,   ipvhich  makes  mauufactoring  other  than  of  the  best  grade  of  charcoal  iron,  un- 
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profitable  in  opposition  to  EaRt  Tennessee  and  more  favored  localities.  Already  the 
nail- works  and  rolling-mill  located  at  Rome  have  closed,  and  the  ext<enBive  car- wheel 
and  foundry  works  here  are  contemplating  removal. 

The  freights  of  the  Coosa  River  are  rapidly  increasing  in  volume,  so  much  so  that, 
where  six  years  ago  a  single  line  of  steamers  could  with  difficulty  be  maintained,  we 
now  have  three  opposition  lines  engaged  in  the  traffic. 

The  lands  are  being  rapidly  homesteaded  and  cleared  for  cultivation,  and  the  im- 
provement of  the  stream  is  causing  a  demand  for  the  land  still  in  poaseasion  of  thr 
general  government. 

In  the  last  annual  report  I  asked  for  an  appropriation  of  $23,000  to  complete  tbf 
work  begun  above  Qreensport.  This  recommendation  is  repeateil,  and,  in  my  opinioL 
this  amount  is  necessary  to  maintain  the  existing  navigation  and  further  to  remorf 
rock  and  gravel  obstructions. 

I  would  recommend  appropriations  as  follows:  Coosa  River — Rome  to  Greenapoit. 
|23,000 ;  Qreensport  to  Selma,  Rome^  and  Dal  ton  Railroad,  |170,0(X).    A  less  appro- 
priation  than  $100,000  should  not  be  made,  as  that  is  the  least  amount  that  can  mIi^ 
tain  an  efieotive  force  of  skilled  labor  at  work  during  the  year. 
Very  respectfully,  your  obedient  servant, 

W.  L.  Marshaij., 
Firti  Lieutenant  of  Enmwm, 

Maj.  W.  R.  King, 

Corpa  of  Engineers,  U.  8,  A, 


V  xo. 

IMPROVEMENT  OF  OOSTENAIILA  AND  COOSA WATTEE   RIVERS,  GEOBGU 

Work  on  these  streams  was  began  on  the  1st  of  July,  1879,  anddos^ 
October  24,  on  account  of  high-water,  and  consists  in  the  improremec 
of  the  natural  channels  by  blasting  rock  and  excavating  gravel  ao>i 
bowlders  from  the  shoals,  and  narrowing  the  water-way  by  wing-daisii 

The  work  done  daring  the  past  season  was  principally  on  the  Coc^ 
wattee,  and  consisted  in — 

Rock  blasted  from  channel 140cnbicTii* 

Bowlders  blasted  from  channel 332  cubienr^ 

Gravel  excavated  from  channel 313  enbicTa-'v 

Snags  and  overhanging  trees  removed 441 

Drill  removed  from  channel 102  oords. 

Rock  quarried  for  dams 807  cubic  yw^ 

Rock  put  in  dams 1, 513  cubic  jtff* 

Brush  cut  and  put  in  dams 150  eoid& 

The  improvement  is  designed  to  prolong  the  season  of  navigation' 
which  can  only  be  carried  on  at  moderately  high-water. 

The  work  is  of  a  substantial  and  permanent  character,  and  with  o(& 
sional  repairs  will  answer  all  the  requirements  of  navigation. 

Lieut.  W.  L.  Marshall,  Corps  of  Engineers,  in  immediate  charge  of  tb^ 
work,  reports  that — 

The  Coosawattee  River  is  a  small  mountain  stream,  from  100  to  200  feet  in  width,  viti 
rapid  cun^nt  and  short  bends.  It  is  navigable  six  months  in  the  year  as  fiur  as  Ctf- 
ters  Landing,  45  miles  from  its  mouth,  or  nearly  to  its  head.  The  commeree  of  ^^ 
river  is  smaU,  consisting  mainly  of  lumber,  cotton,  and  wheat.  It  penetrates  30  oi^ 
from  railroad  transportation,  and  affords  tne  only  means  of  egress,  except  by  wa^oi^ 
for  a  small  but  rich  agricultural  country.  During  the  past  winter  steamen  bavip  w< 
navigated  it,  the  farmers  having  constructed  a  kind  of  flat-boat,  in  which  tbcr^ofi^ 
their  produce  to  railroad  at  Resaca  at  trifling  expense.  These  small  baiM  are  ^tW 
pushed  back  with  poles  or  hauled  in  wagons.  One  farmer,  I  nnderst^no,  thus  tnc^ 
ported  9,000  bushels  of  wheat  and  340  bales  of  cotton,  at  a  cost  less  than  one-tliird  ior 
steamboat  rates. 

The  work  on  the  Coosawattee  River  was  directed  to  securing  2  feet  navigation  oa 
that  river  when  the  Coosa  River,  at  Rome,  Ga.,  is  1  foot  above  extreme  low-water. 
and  it  is  confidently  expected  that  this  result  will  be  obtained  the  present  seasoo. 
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lu  addition  to  the  repair  of  sach  of  the  old  dams  as  needed  it,  there  was  constructed 
during  the  past  season  1,384  linear  feet  of  dams,  built  of  riprap,  brush,  and  gravel. 

Most  of  these  dams  are  durable ;  a  few  need  more  stone. 

•  •  •  •  •  •  •     ' 

With  the  expenditure  of  the  present  appropriation  ($2,000),  all  that  can  be  done  for 
the  Coosawattee  River,  without  slackwater,  will  have  been  accomplished,  but  the 
Oostenanla  will  require  at  least  one  full  season's  work  for  forty  men  to  remove  the 
rocks  still  obstructing  the  channel,  or,  say,  $10,000. 

The  original  examinations  and  estimates  for  this  improvement  were 
made  in  1872  and  1874,  and  were  designed  to  secure  3  feet  depth  of 
channel  on  the  Oostenanla,  and  on  the  Coosawattee  to  secure  good 
navigation  for  boats  drawing  24  inches  of  water  during  nine  months  of 
the  year. 

The  cost  of  improving  both  streams  being  estimated  at $28, 208  SO 

The  entire  amount  appropriated  has  been 24,000  00 

Expended 21,089  07 

Money  statement. 

July  1,  1879,  amount  available $5,674  95 

Amount  appropriated  by  act  approved  June  14,  1880 2, 000  00 

$7,674  95 

July  1,  1880,  amount  expended  during  fiscal  year 4, 764  92 

July  1,  1880,  outstanding  liabilities 132  75 

4,897  67 

July  1,  1880,  amount  available 2,777  28 

= /- 

Amount  (estimated)  required  for  completion  of  existing  project 4, 208  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 . .     4 ,  208  50 


V  IX. 

IMPEOVEMENT  OF  ETOWAH  RIVER,  GEORGIA. 

The  instrumental  survey  referred  to  in  my  last  report  was  completed 
aud  the  report  and  estimates  submitted  to  Congress  December  18, 1879, 
and  printed  in  H.  Ex.  Doc.  No.  17,  Forty-fifth  Congress,  second  session. 

The  estimate  was  for  improving  63  miles  of  river,  so  as  to  give  a  nav- 
igable channel  4  feet  deep,  which  involved  the  building  of  27  locks,  at  a 
probable  cost  of  $2,276,663.  In  submitting  this  estimate,  it  wa«  stated 
by  me  that — 

The  conclusion  seems  inevitable  that  the  cost  of  the  work  would  be  vastly  greater 
tban  the  advantages  to  be  expected  would  justify,  but  this  is,  of  course,  a  question 
for  Congress  to  decide. 

No  appropriation  was  made,  and  no  work  has  been  done  other  than 
tbat  relating  to  the  survey. 

As  there  is  no  prospect  that  the  balance  of  the  appropriation  for  this 
stream  can  be  profitably  expended  upon  it,  I  would,  respectfully  recom- 
mend that  Congress  be  asked  to  make  that  amount  available  for  the  im- 
provement below  Rome,  Ga.,  where  the  Etowah  merges  into  the  Coosa 
Kiver. 

Total  amonut  apprupiiuted  act  of  August  14,  1876 $10,000  00 

Amount  cxpeude<l 1,237  80 
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M^ney  statement. 

July  1,  1879,  amount  available |9,940  27 

July  1,  1880,  amount  expended  during  fiscal  year 1, 17^  1)7 

July  1,  1880,  amount  available d,7tK30 


survey  op  etowah  river,  georgia. 

United  States  Engineer  Office, 

Chattanooga^  Tenn,y  December  4, 1879. 

General  :  I  have  the  honor  to  forward  herewith  reports  of  Lieut 
W.  L.  MarHhall,  United  States  engineer,  and  Assistant  Engineer  ErnsJ 
Buhl,  on  the  survey  of  Etowah  River,  maile  during  the  past  sumniei. 
under  authority  of  ai)propriation  act  of  June  18,  1878.  These  report^ 
give  a  full  description  of  the  river  and  proposed  method  of  improve 
nient,  together  with  estiniate.s  of  cost  and  some  infbrmation  as  toth'^ 
probable  advantages  to  navigation. 

The  conclusion  seems  inevitable  that  the  cost  of  the  work  wonld  i>t 
vastly  greater  than  the  advantages  to  be  expected  would  justify,  bo* 
this  is  of  course  a  (piestion  for  Congress  to  decide.  Should  it  bedeiwiK 
to  l)egin  work,  it  is  earnestly  recommended  that  at  least  one-third  of  iW 
estimated  cost  nmy  be  appropriated  the  first  year,  so  that  the  nece* 
^ary  preparations  can  be  made  for  prosecuting  the  work  vigorously  i&^ 
economically.  Ma])s  will  be  sent  in  a  separate  package. 
Very  respectful Iv,  your  obedient  servant, 

W.  R.  King, 
Major  of  EngineerK 

The  Chief  of  Engineers,  U.  S.  A. 


report  of  lieut.  w.  l.  marshall,  corps  of  enoinkbr8. 

United  States  Engineer  Office, 
Homey  Ga,,  November  29, 1?V 

Sir:  I  have  tlic  honor  to  n^turn  herewith  the  report  of  Mr.  Ernst  Ruhl,  assist^t^ 
charge  of  the  party  for  the  survey  of  the  Etowah  River. 

The  survey  was  made  in  the  months  of  May,  June,  and  July,  1879,  and  the  r*K 
18  confined  almost  exclusively  to  a  statement  of  the  improvement  necessarv  U^in^^ 
a  navigable  channel,  4  feet  in  depth,  from  Rome,  Ga.,  to  the  mouth  of  Little  Biver.} 
distance  of  63  miles,  and  an  estimate  of  the  cost  of  these  improvements. 

The  Etowah  River  takes  its  rise  in  Lumpkin  County,  Georgia,  and,  after  eolleeC-^ 
the  waters  of  many  little  mountain  streams,  flows  in  a  directiou  a  little  south  of  «^ 
a  distance,  measured  along  its  meanders,  of  aboiit  110  miles,  to  Rouie,  Ga,,  wbc^ 
uniting  with  the  Oostenaula,  it  forms  the  Coosa,  the  main  tributary  of  the  Ala}«*iw 
River.  Its  drainage  area  is  confined  to  part«  of  the  counties  of  Lumpkin,  Oben-ikf^. 
Bartow,  and  Floyd,  Georgia,  rich  agricultural  counties,  also  abounding  in  nliTtem^ 
£old,  iron,  manganese,  and  baryta,  but  Httle  developed  in  mineral  iuterests,  aDtl'^'i^' 
paratively  thinly  populated.  The  lower  portion  of  its  valley  is  in  a  high  state  offit-'' 
Tation,  producing  the  cereals  and  cotton,  but  the  surplus  products  of  its  iniint4J»*< 
vicinity,  for  transportation  to  market,  are  insignificant  within  the  limits  of  po«)bif 
navigation,  conipannl  to  the  cost  of  obtaining  transportation  by  river. 

Throughout  its  course  the  Etowah  is  of  the  nature  of  mountain  streams  ^iw*'*''.^- 
From  the  month  of  Little  River,  in  Cherokee  County,  where  the  survey  lH?gins.  toKs 
month,  it  will  average  250  feet  in  width;  its  bed  is  obstructed  with  nuuieroas  n«c* 
reefs  and  steep  bars,  covered  with  bowlders  and  drift.  At  low-wat^r  its  discbai^p*  i* 
Blight,  and  the  reefs  and  bowlders  in  great  part  bare  and  exposed.  Its  banks  thrvn;:J>- 
out  are  high,  save  along  a  few  narrow  and  low  bottoms,  and  are  well  protected  ag»i«'^' 
wash  by  a  thick  growth  of  trees  and  aquatic  shrubs  and  canes.    It  is  subject  to  ^ctt 


APPENDIX   V.  1695 

rapid  risea^  the  >fnll  height  of  freshets  being  often  attained  in  a  few  hours,  and  it  nearly 
a8  rapidly  subsides.  The  height  of  the  greatest  rises  varies  from  12  feet  in  the  upper 
part  of  its  course  to  28  feet  at  Rome,  where  its  slope  is  reduced.  In  addition  to  the 
natural  ohstrurtions  its  bed  is  filled  with  numerous  fish-traps,  and  its  course  is  dammed 
by  two  mill-dams.  It  is  spanned  by  six  bridges,  the  lower  chords  of  which  are  barely 
abovo  the  high- water  marks. 

The  present  survey  was  restricted  to  that  part  of  the  river  which  may  ultimately 
forni  a  part  of  some  through  water  line  connecting  the  Mississippi  Valley  with  the 
Atlantic  seaboanl,  in  connection  with  the  rivers  of  Lower  Georgia  and  connecting 
canalH  to  be  bnilt  between  them. 

From  Rome  to  the  mouth  of  Little  River,  a  distance  of  63  miles  measured  along  its 
bank^  the  fall  of  this  river  is  232  feet  or  nearly  3.7  feet  ]>er  mile.  This  fall,  if  uni- 
formly distributed,  would  occasion  a  current,  at  mo<lerate  stages  of  water,  when  the 
friction  against  the  bottom  and  sides  of  the  channel  is  reduced,  almost  too  great  for 
RUCceHsfiil  up-stream  uat'igation.  As  it  is,  however,  the  fall  is  not  uniform,  but  the 
oloueH  are  greatly  increased  at  numerous  ])()ints  where  the  falls  take  place,  over  reefs 
and  rock  bars,  with  short  jwols  of  still  water  between  them,  the  individual  falls  vary- 
ing from  a  few  inches,  over  narr<»w  reefs,  to  from  4  to  16  feet  within  less  than  a  mile, 
as  shown  in  detail  upon  tlie  profile.  ^ 

It  in  impracticable  to  make  a  successful  improvement  of  this  part  of  the  river  with- 
out the  ap]>lication  of  a  complete  system  of  locks  and  dams,  the  low-water  discharge 
of  the  river  not  beinf^sutticieut  to  till  any  practicable  channel  which  may  be  excavated 
through  the  reefs  an<l  rapids.  To  secure  a  navigable  channel  4  feet  in  depth  over  this 
6^<  miles  of  river,  Mr.  Rulil  estimates  that  27  locks  and  dams  are  necessary,  at  a  prob- 
able cost  of  $'^«276,(U>3,  which,  for  a  permanent  improvement,  is  not  a  too  Jiberaf  esti- 
mate. 

There  is  at  present  no  navigation  upon  the  Etowah,  and  I  have  not  been  able  to  dis- 
cover that  it  has  ever  been  utilized  even  for  navigating  flat-boats  or  saw-logs  down 
stream.  There  is  no  diMuand  among  the  people  for  its  improvemeut,  unless  a  general 
dewire  to  profit  by  any  work  whatever  in  their  vicinity,  to  which  they  are  not  calU»d 
U]»on  directly  to  contribute,  excejit  a  contingent  and  speculative  one,  t.  e.,  should  the 
Coosa  River  be  opened  to  the  Gulf,  or  any  of  the  through  canal  routes  connecting  the 
wat<'rs  of  the  Coosa  with  the  Mississippi  River  be  inaugurated,  then  there  will  lie  a 
livt'ly  desire  among  the  people  to  participate  in  benefits  derived  therefr«»m.  At  pres- 
ent the  river  leads  to  no  market  not  readily  and  cheaply  reached  by  railroad  oi'  wagon, 
and  the  entire  present  surplus  of  its  valley,  if  shipped  by  river,  could  not  maintain  by 
any  tolls  the  works  neccKsary  for  its  navigation. 

iJntil  the  population  becomes  many  times  increased,  and  the  products  so  much  am- 
plified by  diversified  industries  as  to  make  it  the  policy  of  the  government  to  develop 
every  possible  means  of  inland  transportation,  there  does  not  seem  to  me  to  be  any 
occasion  or  need  to  improve  the  Etowah  River.  No  part  of  it  at  present  is  more  than 
B  miles  from  railroad  transportation. 

Very  respectfully,  your  obedient  servant, 

W.  L.  Marshall, 
First  Lieutenant  of  Engineers. 
Maj.  W.  R.  Kino, 

Corps  of  EngineerSy  U.  S.  A. 


RKPORT  OF  MR.   ER>'8T  RUHL,  ASSISTANT  ENGINEER. 

Chattanooga,  Teim,,  September  2,  1879. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  a  survey,  &c.,  of  the 
Etowah  River,  in  Georgia,  commencing  at  the  mourh  of  Little  River,  in  Cherokee 
Comity,  the  starting  pomt  of  a  projected  ship  canal  uniting  the  waters  of  the  Gulf  of 
Mexico  ifrith  the  wa'^rs  of  the  Atlantic  Ocean,  the  contemplated  water-way  passing 
through  the  States  of  Alabama,  Georgia,  and  S<mth  Candina 

The  survey  and  field  work  performed  in  connection  with  it  consisted  of  the  running 
of  li  transit  line  on  one  side  of  the  river,  forming  a  basis  upon  wliich  the  topogra]ihy 
oft  lie  river  and  its  immediate  surroundings  were  located.  The  distances  from  the 
tmiiHit  line  to  the  water's  e<ige  were  measured  with  a  tape-line  at  every  point  of  de- 
flect i<»ii  in  the  transit  line,  and  to  the  water's  edge  on  the  shore  opposite  to  it  by  using 
a  Ht»<lia  rod. 

Th**  lowest  point  of  the  river  bed  in  a  cross-section  of  the  Etowah  at  the  starting 
{Miiiit  was  assumed  as  representing  an  elevation  of  ;>0U  feet,  and  u  ^ou  this  assumption 
a  H^-ri«)M  of  levels  were  run  on  the  transit  line,  and  a  check  line  of  levels  to  test  the 
furnier'a  correctness  generally  on  the  shore  op)K>site  to  the  transit  line ;  elevations  of 
water  surface  were  taken  about  every  1,000  feet,  and  at  shorter  intervals  where  there 
appeared  a  sudden  fall  in  the  river.    Whenever  reliable  information  about  the  height 
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of  flood  of  1876  could  be  obtained,  it  was  recorded  and  afterwards  pnt  on  the  profile. 
Benches  were  established  and  marked  abont  every  50  stations,  and  recorded  in  the 
level  book. 

•  Soundings  were  taken  opposite  every  station  of  the  shore  line,  which,  deducted  from 
the  elevation  of  the  corresponding  water  surface,  ascertained  on  the  same  dsy,  gave 
the  elevation  of  bed  of  river. 

Cross-sections  of  the  river  bed  were  also  taken,  principally  at  places  which  will 
probably  require  work  to  increase  the  depth  of  water.  Observations  of  stage  of  w&ter 
were  made  and  recorded  three  times  per  day  on  water-gauges  established  at  Loveih 

food's  Bridge,  in  Cherokee  County,  Douthanl's  Ferry,  in  Bartow  County,  and  Rome^  ii 
loyd  County ;  also  at  a  water-gauge  put  up  near  each  camp  for  the  time  being,  dur- 
ing the  survey,  for  the  purpose  of  arriving  as  nearly  as  possible  at  the  figures  of  Iot- 
water  mark,  so  as  to  be  enabled  to  reduce  the  soundings  in  accordance  with  it. 

From  the  observations  of  water-gauges  and  the  known  distance  between  them,  \^ 
velocity  of  the  water  was  ascertained,  also  from  velocity  observations  taken  witiitk! 
use  of  floats,  and  found  to  average  for  the  entire  distance  ^  miles  per  hoar,  and  ftt 
some  places  not  more  than  1.6  miles  per  hour. 

The  contemplated  depth  of  channel  is  4  feet,  and  the  width  of  the  same  where  «• 
cavatiou  is  required  =  60  fee|. 

Dams  are  assumed  at  8  feet  width  on  top,  sloping  on  the  side  upstream  at  the  t& 
of  1  foot  vertical  to  2  feet  horizontal,  and  on  the  downstream  side  at  the  rate  cf  w 
to  one,  built  of  dry  masonry.    Locks  to  be  210  feet  long  and  40/eet  wide  in  the  clfir 

From  the  annexed  profiles  and  maps  of  the  river  it  is  apparent  that  the  cleafifU 
out  (removal  of  obstructions  in  it)  would  not  improve  to  a  great  extent  thefacilitR* 
of  navigating  the  same,  on  account  of  the  irregularity  of  the  slope  of  river  bed  and  :♦• 
great  width  in  many  places  compared  w^ith  the  volume  of  water  at  its  lowest  ^ 
and  the  necessary  improvements  recommended  consist,  therefore,  principaUy  io  ti*' 
building  of  dams  and  locks,  besides  several  channel  excavations,  whereof  the  eelifflat?' 
total  cost  amounts  to  $2,276,66:i,  as  detailed  in  the  inclosed  estimate.  The  high  bs&k 
of  the  river  are  very  favorable  to  slack  water  improvements,  being  generally,  as  d»r. 
by  the  profile,  on  level  with  high-water  marK,  frequently  above  it,  and  whe^-? 
they  are  below  the  same  it  is,  wiui  few  exceptions,  not  more  than  from  10  to  150  k« 
distance  back  of  the  transit  line  to  the  point  where  the  elevation  of  natural  smfy- 
reaches  high-water  mark. 

All  along  the  river  between  Rome  and  the  mouth  of  Little  River,  stone  for  huUdis^ 
dams  and  locks  is  within  easy  reach  of  the  places  where  such  are  needed.  LosW: 
can  also  be  obtained  from  the  numerous  saw-mills  near  the  river.  CommeneiDit  j-^ 
above  the  mouth  of  Little  River,  in  Cherokee  County,  G^rgia,  this  point  of  he^^ 
is  designated  as  station  0,  and  a  stake  driven  in  every  100  feet  in  dist-ance  and  istf^ 
successively  1.  2,  3,  dkc. 

Following  tiie  river  down  stream,  the  first  obstruction  met  with  consists  of  aB^ 
dam  at  station  37.  Removing  the  dam  would  lower  the  water  so  much  as  to  nerH- 
tate  channel  excavation  for  1,300  feet  above  the  dam  and  800  feet  below  the  ^ 
Taking  down  the  present  dam  and  building  a  new  one  of  250  feet  length  and<^' 
height  will  not  only  preserve  the  proper  depth  of  water  above  the  dam,  but  will  u* 
raise  the  water  between  stations  37  and  42  to  its  necessary  height.  A  lock  of  5?  ^'' 
lift,  with  10  feet  additional  elevation  of  walls,  is  required. 

Material  for  building  lock  and  dam  can  be  obtained  from  the  ridge  opposite  sf»2i 
50  to  station  60. 

Between  stations  5:1  -f-  50  and  59  -f  50  for  600  feet  the  channel  has  to  be  deept-s- 
foot,  60  feet  wide,  in  solid  rock. 

In  order  to  overcome  the  rapids  and  reefs  between  stations  112  and  148  and  sbiO*' 
water  at  149, 150, 151,  and  153,  also  162  to  168,  it  will  be  advisable  to  put  a  dam  ac-^v 
the  river  at  station  165,  and  a  lock  of  6i  feet  lift.  Rock  for  dam  and  lock  can  be  -^ 
tained  in  the  ridge  on  right  side  of  river  opposite  stations  125  and  142. 

At  station  187  we  find  only  2  feet  water,  and  an  excavation  of  solid  rock  hn^'f 
tance  of  200  feet,  averaging  1^  feet  in  depth,  will  be  required.  At  station  223 +j' 
Lovengood^s  Bridge  (a  lattice  bridge)  spans  the  river ;  the  lower  chord  of  it  bciogt*' 
2 'feet  above  high-water,  it  will  be  necessary  to  put  either  a  draw  in  the  bridg?*^* 
abandon  it  entirely. 

The  shoals  between  stations  253.  and  289  do  not  afford  more  than  2  feet  of  wat^r.  n- 
since  the  slope  of  the  river  here  would  require  too  great  an  amount  of  excavatiost  * 
dam  8  feet  high  across  the  river  at  station  294  and  a  lock  of  4f  feet  lift  will  be  ^r^if^' 
able. 

From  station  294  we  find  excellent  water  down  to  station  374. 

At  station  332  Owl  Creek  empties  into  Etowah  River,  a  water  course  spoken  of  >-' 
afibrding  facilities  for  constructing  a  canal  to  unito  the  waters  of  Etowah  Kiver,ooJ:- 
«equently  of  the  Gulf  of  Mexico,  with  the  waters  of  a  river  flowing  into  the  Atlanm 

Between  stations  374  and  375  channel  excavation  of  1  foot  in  depth,  60  feet  viu''' 
and  100  feet  long  is  necessary. 
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Between  stations  388  awl  392  +  50  chaunel  excavation  to  the  extent  of  3  teet  in  depth 
18  reanired.  Between  stations  430  and  435 -f-  60  channel  excavation  from  1  foot  to  li 
feet  deep  is  required.  From  the  line  dividing  the  county  of  Cherokee  and  the  county 
of  Bartow  the  shoals  are  of  snch  length,  and  the  descent  of  the  river  so  rapid,  that  it 
becomes  impracticable  to  improve  the  same  by  channel  excavation  or  longitudinal 
dams,  bnt  cross-dams  and  locks  appear  to  be  the  proper  means  of  improvement  be- 
tween the  eastern  boundary-line  of  Bartow  aud  Rome,  the  lower  terminus  of  Etowah 
fiiver. 

The  next  dam  to  bo  constructed  will  be  opposite  station  541,  at  the  head  of  Maddox 
Island,  from  the  right-nide  shore  to  the  island,  so  as  to  force  the  water  in  the  left-side 
«hannel ;  the  length  of  it  wi  11  be  500  feet  and  its  height  4  feet.    At  the  foot  of  the  island, 
opposite  station  561,  irom  the  left>8ide  shore  to  the  island,  anotiher  dam  125  feet  long 
and  12|  feet  high  will  be  required,  and  a  lock  with  10  feet  lift. 
Between  stations  5t)5  and  570  channel  excavation  2  feet  deep  will  be  required. 
At  station  594  to  595  -f-  50  channel  excavation  li  feet  deep  is  necessary. 
In  order  to  force  the  water  into  the  left-side  channel  at  Pugh's  Island  it  will  be 
necessary  to  build  a  dam  from  the  right-side  shore,  opposite  station  5%,  to  the  head  of 
Pagh's  Island,  500  feet  long  and  3  feet  high^  and  another  dam  at  the  foot  of  the  island, 
«pi>06ite  station  630,  175  feet  long,  14  feet  high,  and  a  lock  with  11  feet  lift  and  b  feet 
additional  height  of  walls. 

At  station  674,  a  dam  600  feet  in  length,  13  feet  in  height,  also  a  look  of  10  feet  lift, 
with  walls  of  7  feet  additional  height^  are  necessary. 

At  station  711  -f  50,  a  dam  600  feet  in  length,  19  feet  in  height,  and  lock  of  15  feet 
lift,  with  walls  of  5  feet  additional  height,  are  necessary.  At  station  746,  a  dam  of  450 
feet  in  length.  20  feet  in  height ;  also  a  lock  with  15  feet  lift  and  8  feet  additional 
height  of  walls  required. 

At  station  771,  a  dam  500  feet  long,  Hi  feet  height,  and  lock  of  9  feet  lift,  with  8 
feet  additional  height  of  walls  necessary. 

At  station  8ul  -f- 50,  a  dam  400  feet  long,  13  feet  high,  and  lock  of  10  feet  lift,  with 
^  feet  additional  height  of  walls  required. 

At  station  857,  a  dam  300  feet  long,  14  feet  high,  and  lock  of  10  feet  lift,  with  8  feet 
additional  height  of  walls  required. 

At  station  944,  the  Western  and  Atlantic  Railroad  crosses  the  river.    In  order  to 
enable  steamboats  to  pass  at  all  stages  of  water  a  draw  in  the  bridge  will  be  required. 
At  station  950  (Jefferson's  Mill),  a  dam  325  feet  long,  12  feet  high,  and  a  lock  of  8 
feet  lift,  with  walls  of  10  feet  additional  height  required,    t 

Between  stations  Sr77  +  50  and  982  the  channel  has  to  be  deepened  2  feet. 
At  station  1012  (Tomlin's  Mill),  a  dam  300  feet  long,  9  feet  high,  and  lock5i  feet  lift, 
with  10  feet  additional  height  of  walls  required. 

At  station  1138,  a  dam  3s£  feet  long,  10  feet  high,  and  lock  7  feet  lift,  with  10  feet 
^ditional  height  of  walls  required. 

At  station  1207  there  is  a  lattice  bridge  across  the  river  belonging  to  the  county  ;* 
in  place  of  putting  m  the  draw  the  bridge  might  be  bought  for  $25,000  and  entirely 
rf^inoved 

At  station  1233,  a  dam  275  feet  long,  11  feet  high,  and  lock  of  8  feet  lift,  with  10  feet 
additional  height  of  walls  required. 

At  station  1303,  there  is  a  bridge  belonging  to  Rockmart  Railroad  Company.  A 
draw  is  necessary. 

At  station  1526,  a  dam  250  feet  long,  12  feet  high,  and  lock  of  11  feet  lift,  with  walls 
if  10  feet  additional  height  required. 
At  stations  1593,  1596  4-  75,  it  will  be  necessary  to  deepen  channel  2  feet. 
At  station  1716 -f  50,  a  dam  300  feet  long,  10  feet  high,  and  a  lock  of  7  feet  lift,  with 
10  feet  additional  height  of  walls  necessary. 

At  station  1860,  a  dam  300  feet  long,  12  feet  high,  and  lock  of  8  feet  lift,  with  walls 
>f  10  feet  additional  height  required. 

At  station  2064,  a  dam  from  right-side  shore  to  head  of  island,  =  600  feet  long,  10 
cet  high,  and  lock  at  station  20^1,  with  11  feet  lift,  and  10  feet  additional  height  of 
vails  rfM|uired. 

At  station  2211  -f  50,  a  dam  375  feet  long,  12  feet  high,  and  lock  of  8  feet  lift,  with 
O  feet  additional  height  of  walls  required. 
At  stations  2238,  2243,  2246,  and  2249,  deepening  of  channel  required. 
At  station  2:)25,  a  dam  275  feet  long,  9  feet  high,  and  lock  of  5  feet  lift,  with  10  feet 
fUlitional  height  of  walls  required. 

At  station  2364,  deepening  of  channel  required.  At  station  2466,  a  dam  250  feet 
»nj^,  14  feet  high,  and  look  of  11  feet  lift,  with  10  feet  additional  height  of  walls 
jquired. 

At  station  2780,  a  dam  400  feet  long,  11  feet  high,  and  lock  of  7  feet  lift^  and  10  feet 
Id  it  ional  height  of  walls  required. 

At  station  &A0,  a  dam  350  feet  long,  11  feet  high,  and  lock  of  7  feet  lift,  with  10 
et  additional  height  of  walls  required. 
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At  Btatioiis  2945,  2947,  2951,  deepening  of  channel  necesMuy. 

At  station  3026,  a  dam  400  feet  long,  10  feet  high,  and  lock  of  7  feet  lift,  with  V> 
leet  additional  height  of  walls  required. 

At  sUtion  3188j  a  dam  300  feet  long,  10  feet  high,  and  lock  of  7  feet  lift,  with  14 
feet  additional  height  of  walls  required. 

At  station  3284,  Howard  street  wagon-bridge ;  draw  needed. 

At  station  3299,  a  dam  250  feet  long,  9  feet  nigh,  and  lock  of  5  feet  lift,  with  10  feH 
additional  height  of  walls  required. 

Station  3305  +  50,  Selma,  Rome  and  Dalton  Railroad  bridge ;  draw  required 

Station  3%23,  Broad  street  wagon-bridge ;  draw  needed* 

The  land  adjoining  the  river  on  both  sides  is  in  a  high  state  of  cultivation.  Can 
cotton,  wheat,  and  occasionally  oats,  are  raised  successfully. 

In  a  few  instances  the  ridges  bordering  the  main  valley  approach  so  near  the  Wf 
tor's  edge  that  the  foot  of  them  forms  the  river-shore,  in  which  case  their  sides  se: 
covered  with  timber. 

The  expected  freight  \i  ill  consist  principally  of  agricultural  products.    Thei«  i^  ar 
doubt  about  immense  anumuts  of  mineral  resources,  especially  in  Bartow  County,  awar. 
ing  enterprising  capitalists  to  develop  them ;  they  consist  mainly  of  iron  ore  ami  BiC- 
ganese.    Great  expectations  of  gold  to  be  taken  from  the  river-bed  are  entertaioMi  hi 
some  people.     Opposite  the  mouth  of  Alatoona  Creek,  2  miles  above  the  bridge  d'ti^ 
Westeru  and  Atlantic  Railroad,  and  from  there  for  2  miles  up  and  along  the  d^j 
side  of  the  river,  very  extensive  iron -works  aod  also  a  large  flonring-mill  were  in  ^^ 
eratioD  l»k.f<ire  and  during  the  war,  being  known  by  the  name  of  **  Etowah  L'c 
Works."    The  entire  CHtablishment  is  now  in  ruins,  and  as  far  as  could  be  Imrvi 
the  proprietors  of  the  same  and  of  the  land  (some  15,000  acres)  pertaining  to  it  b?* 
no  iiiclinatinn  to  utilize  tbeir  enormous  water-power  and  revive  the  iron  maBstL" 
turing  interest. 

For  the  present,  until  the  population  and  wealth  of  the  country  to  be  beDefit«<d  y 
the  navigation  of  Etowah  River  has  materially  increased,  the  mineral  reaouropsbj^ 
been  amply  developed,  and  the  immense  water-power  which  will  be  made  aTaiii'? 
by  the  work  necessary  for  slackwater  navigation  may  be  utilized;  until  thea  i^^ 
appears  to  be  no  lU'ccHsity  of  incurring  the  expense  for  improvements  of  the  £tof tf 
River,  e&pecially  as  there  are  already  sufficient  facilities  existing  for  tran^wrts:** 
by  the  different  railroads  running  alongside  and  crossing  the  river  at  various  pse-^ 
the  Rome  and  KingHton  Railroad  starring  at  the  confluence  of  Etowah  an^i*^ 
naula  Rivers,  and  running  alongside  the  Etowah  on  its  very  bank  to  a  point  vi!fis* 
short  distance  from  Kingston ;  the  Rockmart  Railroad  from  CartersviUe  to  Cedirfi^ 
crossing  the  river  4  miles  from  CartersviUe  and  running  for  severalmilesaloafiB^ 
bank  ;  the  Western  and  Atlantic  Railroad  crossing  the  river  2  miles  south  of  Oe^ 
vUle.     There  is  no  point  on  the  river  between  the  site  of  the  Etowah  Iron  W«b^ 
Rome  which  is  more  than  4  miles  from  a  railroad;  anji  there  is  no  point  on  tire^ 
between  the  Etowah  or  Cooper^s  Iron  Works  and  the  mouth  of  Little  River  ^* 
aver  7  miles  from  the  Western  and  Atlantic  Railroad. 

No  portion  of  the  river  is  at  present  navigated.     Whenever  it  will  be  foufiii^'f 
able  to  begin  actnal  work  on  the  improvement  of  £tt>wah  River,  all  damsaii^ 
should  be  worked  at  simultaneously,  and  also  the  contemplated  canal  bc^tireeati^ 
utary  of  Etowah  and  some  other  river  emptying  into  the  Atlantic  Ocean,  hec**^ 
wilTbe  a  very  long  time  before  the  local  ousiness  of ^ the  part  of  the  river  s«rF» 
will  compensate  for  the  cost  of  improvement,  and  it  is  therefore  desirable te^* 
new  continuous  water-way  at  once  in  connection  with  it  between  the  Gulf  of  Ife^*^ 
and  the  Atlantic,  so  as  to  furnish  through  freight,  since  the  reasonably  to  te  eij**"" 
local  business  will  not  be  sufficient  to  justify  the  outlay  for  improving  Etowah  B^* 
Very  respectfully,  your  obedient  servant, 

Ernst  Ruhu 

M&j,  W.  R.  Kino, 

CorpB  of  Engineers f  U.  S,  A. 


ESTIMATES. 

The  look  walls  are  to  be  5  feet  wide  on  top,  and  the  width  of  fonodatioo  ^^^^^^ 
equals  tAvo-thirds  of  height  of  wall.  The  lock  chambers,  hollow  quoins,  °"^^J?1*"'  * 
sills,  aud  coping  to  be  cut  stone ;  balance  of  masonry,  rabble  laid  in  cement.  C«acr>  ?^ 
foundation  one-third  the  lift  of  the  lock.  Price  includes  coffer-dam,  hu^K*  p«isi?*- 
ing,  aud  puddling : 

Station  42.— Dam  250  feet  long,  6^  feet  high =28,843  cubic 

feet  =  l,068  cubic  yards,  at  $3.50 $3,738  00 

Removing  part  of  old  dam 250  00 

liock  5i  feet  lift,  with  10  feet  additional  height  of  walls..  53,970  00         ^^^ 
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SUtiou  &34-CO  to  59 -1-50.^ Solid  rock  excavation,  600x60x1  = 

36,000  cubic  feet=l,3:<3  cubic  yards,  at  $3 $3,999  00 

Station  165.— Dam  220  feet  long,  10  feet  high,  50,600  cabic 

feet=l,«74  cubic  yards,  at  $3.50 $6,559  00 

Lock  6i  feet  lift,  with  walls  of  10  feet  additional  height. ..      57, 590  00 

64, 149  00 

Station  187.— Solid  rock  excavatiuu,  200  X  60  X  1.5  ..  18,000  cubic  feet 

=666  cubic  yardB,  at  $3 1,998  00 

Station  *i*J3+50. — Loveugood's  Bridge  to  be  bought  and  torn  down 15, 000  00 

SUtion  294.— Dam  225  feet  long,  8  feet  high= 36,000  cubic 

feet =1,333  cubic  yanU,  at  $3.50 $4,665  50 

Lock  4f  feet  lift,  with  10  feet  additional  height  of  walls. . .      51, 325  00 

— ^^— — — —         55  990  50 
Station  374  to  375.— Solid  rock  excavation,  100  X  60  X  1.0  =  6,000  cubic  '         —i 

fw^t  =  222  cubic  yards,  at  $:J 666  00 

Station  388  to  392.— Solid  rock  excavation,  100  X  60  X  (1.0  -f  3.0  -f.  1.5  "«* 

-I-  0.75)  =  37,500  cubic  feet  =  l,:te9  cubic  yards,  at  $3 4, 167  00 

Station  4'M)  to  435  -f  50.— Solid  rock  excavation : 
1  X  60  X    50  =  3,(K)0 
1  X  60  X  100  =  6,000 
1.5  X  60  X  1<K»  =  9,000  ,    ' 

1  X  60  X  100  =  6,000 

24, 000  cubic  feet  =  889  cubic  yards,  at  $3 2, 667  00 

Station  541.— Dam  500  feet  long,  4  feet  high  ■=  28,000  cubic  feet  =  1,037  *  ^^t 

cubic  vanis,  at  $3.50 3,629  50 

Station  5G1.— Dam  125 feet  long,  12^  feet  high  =  33,984  cubic 

ft'ft=  1,259  cubic  vards,  at  $:).5U $4,406  50 

Ivock  10  feet  lift,  with  walls  of  10  feet  additional  height. ..       71, 388  00 

— — —  — ^—  73  791  50 

Station  565  to  570.— Rock  excavation,  500  X  2  X  60  =  60,000  cubic  feet 

=  2,222  cubic  vanls,  at  $3 6, 666;  00 

Station  594  to  595  +  50.— Rock  excavation,  150  X  1.5  X  60  =  13,500  cubic  <4 

fo«t  =  500  cubic  yards,  at  $3 1,500  00 

Srotion  595.— Dam  500  feet  long,  3  feet  high  =  18,750  cubic  feet  =  694 

cubic  yards,  at  $3.50 2,429^00 

Stat  ion  630.— Dam  175  feet  long,  14  feet  high  =  71,050  cubic  .     ,  ji 

feet  =  2,631  cubic  yanls,  at  $3.50 $9,208  50 

hovk  11  feet  lift,  with  walls  of  10  feet  additional  height  ..      75,606  00 

84,814  50 

iKfation  674.— Dam  600  feet  long,  13  feet   high  =  214,500 

cubic  feet  =  7,944  cubic  yards,  at  $3.50 27, 804  00  . 

I^ock  10  feet  lift,  with  walls  of  10  feet  additional  height. . .       59, 477  00 

Station  711  +  50.— Dam  600  feet  long,  19  feet  high  =  416,100 

cubic  feet  =  15,411  cubic  yards,  at  $3.50 53,938  50 

l/ock  15  feet  lift,  with  walls  of  6  feet  additional  height 75, 606  00 

station  746.— Dam  450  feet  long,   20  feet  high  =  342,000 

cubic  feet  =  12,666  cubic  yards,  at  $3.50 44,331  00 

rK)ek  15  feet  lift,  with  walls  of  6  feet  additional  height 75,606  00 

'{fat ion  771.— Dam  500  feet  long.  Hi  feet  high  =  195,187 

cubic  feet  =  7,229  cubic  yards,  at  $3.50 25,301  50 

[x>ok  9  feet  lift,  with  walls  of  8  feet  additional  height  ....      59, 477  00 

station  801  -f  50.— Dam  400  feet  long,  13  feet  high  =  143,000 

cubic  feet  =  5,296  cubic  yards,  at  $3.50 18,536  00 

^tcU  10  feet  lift,  with  walls  of  8  feet  additional  height ....      63, 300  00 

tatiou  857.— Dam  300  feet  long,  14   feet  high  =  121,800 

cnbic  feet  =  4,5U  cubic  yards,  at  $3.50 15,788  50 

.«>ck  10  feet  lift,  with  walls  of  8  feet  additional  height ....      63, 300  00 

79, 088  50 

fat  ion  944.— Draw  in  bridge  of  Western  and  Atlantic  Railroad 20, 000  00 

t a t i<»u  950.— Dam  325  feet  long,  12  feet  high  =  101,400  cubic 

tVet  =  3,755  cubic  yards,  at$3.50.. 13,142  50 

^<;k  8  feet  lift,  with  walls  of  10  feet  additional  height 63, 300  00 

76, 442  50 


tf7,281  00 


129, 544  50 


119,937  00 


84,778  50 


81,636  00 
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Stations  977  to  9d2.  — Rook  excavation,  60  X  100  x  (1.0  +  0.75-^1.0 

4-0.5)  =  19,500  cnbic  feet  =  722  cubic  vards,  at|3 $2,16S00 

Station  1012.— Dam  300  feet  long.  9  feet  high  =  58,050  cubic 

feet  =2,150  cubic  yards,  at  $3.50 7,525  00 

Lock  5i  feet  lift,  with  walls  10  feet  additional  height 53. 970  00 

61,495  Oi» 

Station  1207. — Stilcsborough  Bridge  to  be  reoioved  after  being  bought 

for 15,0001* 

SUtion  1138.— Dam  325  feet  long,  10  feet  high  ^  74,750 

cubic  '-©t  =  2,769  cubic  yards,  at  $3,50 19,691  50 

Lock  7  leet  lift,  with  walls  of  10  feet  additional  height ....      59, 477  00 


Station  I860.— Dam  300  feet  long,   12  feet   high  =  93,600 

cubic  feet  1=3,467  cubic  yards,  at  $.^60 12, 134  50 

Lock  8  feet  lift,  with  walls  of  10  feet  additional  height ....      63, 300  00 


Station  2780.— Dam  400  feet  long,  11   feet  high  =  106,800 

cubic  feet  =3,955  cubic  yards,  at  $3.50 13,842  5*1 

Lock  7  feet  lift;,  with  walls  of  10  feet  additional  height ....  59, 477  00 

Station  2940.— Dam  350  feet  long,  11  feet  high, =94,325 

cubic  feet  =  3,493  cubic  yards,  at  |3.50 12,225  50 

Lock  7  feet  lift,  with  walls  of  10  feet  additional  height. ...  59, 477  00 


©.Uri 


Station  1233.— Dam  275  feet  long,   11  feet  high=74,113 
cubic  feet=2,745  cubic  vanls,  at  $3.50 |9,607  50 

Lock  8  feet  lift,  with  walls  of  10  feet  additional  height....       63,300  00 

72.9(1;  * 

Station  130:).— Draw  in  bridge  of  Rockmart  Railroad i5,A>< » 

SUtion  1526.— Dam  250  feet  long,  12  feet  high  =78,000  cubic 
feet=2.889  cubic  yards,  at  $3.50 10,111  50 

Lock  11  feet  lift  with  walls  of  10  feet  additional  height....      75,606  00 

85,:i:i 

stations  159:)  and  l5'.»6  +  75.— Rock  excavation,  100  x  60  x 

(1-1- 2  +  1)  =  24,000  cubic  feet  =  889  cubic  yards,  at|3 2,et«« 

Station  1716  +  50.— Dam  300  feet  long,  10  feet  high  =  69,000 

cubic  feet  =  2,556  cubic  yards,  at  $3.50 8,946^ 

Lock  7  feet  lift,  with  10  feet  additional  height  of  walls ... .      59, 477  00 


«.«!■•  I 


7p.«> 


Station  2064. — Dam  from  right  shore  to  head  of  island,  600 

feet  long,  10  feet  high  =  138,000  cubic  feet  =  5,111  cubic 

yards,  at  $3.50 17.??' 

Station  2081.— Lock  11  feet  lift,  with  wails  of  10  feet  addi- 
tional height 1 75,ft^* 

Station  2211  +  50.— Dam  375  feet  long,  12  feet  high  =  117,000 

cubic  feet  =  4,333  cubic  yards,  at|3.50 15,165  50 

Lock  8  feet  lift,  with  walUs  of  10  feet  additional  height ...      63, 300  00 

7?.4f' 

Stations  2238  to  2249.— Rock  excavation  (1x60x75)  + 

(1X60X100)    +     (0.5X60X125)    +    (1x60x140)  = 

22,650  cubic  feet  =  839  cubic  yards,  at  |3 i-* 

Station  2325.— Dam  275  feet  long.  9  feet  high  =  53,212  cubic 

feet=l,971  cubic  yards,  at  $3.50 6.898  50 

Lock  5  feet  lift,  with  walls  of  10  feet  additional  height ...      52, 185  00 

59.^' 

Station  2364.— Rock  excavation,   1.5  x  60  x  200  =  18,000 

cubic  feet=667  cubic  yards.  at|3 %0'' 

Station  2466.— Dam  250  feet  long,  14  feet  high =101,500 

cubic  feet  =3,759  cubic  yawls,  at  $3.50 13, 156  50 

Lock  11  feet  lift,  with  walls  of  10  feet  additional  height. . .      75, 606  00 


«,Te^ 


73,31i' 


71.:"i 


Stations  2945, 2947,  and  2951.— Rock  excavation  (60  X  1.0  X 

25)  +  (60  X  1  X  40)  +  (60  X  1  X  110)  =  10,500  cubic  feet 

=389  cubic  yards,  at$3 ^'^^  * 

Station  3026.— Dam  400  feet  long,  10  feet  high  =  9,200  cubic 

feet=3,408  cubic  yards,  at  $3.50 11,928  00 

Lock  7  feet  lift,  with  walls  of  10  feet  additional  height.. .      59, 477  OU  ,  ^«    . 


APPENDIX   V.  1701 

Station  3188.— Dam  300  feet  long,  10  feet  high  =  69,000 
cubic feet=2,556  cubic  yards,  at  |3.50 $8,946  00 

Lock  7  feet  lift,  with  walls  of  14  feet  additional  height. . . .      75, 606  60 

$84,552  00 

Station  3284.— Howard  street  wagon-bridge ;  draw  required 10, 000  00 

Station  3299.— Dam  250  feet  long,  9  feet  high=48,375  cubic 
feet=  1,792  cubic  yards,  at  $:1.50 6,272  00 

Look  5  feet  lift,  with  walls  of  16  feet  additional  height- ...       75, 606  00 

81, 878  00 

Station  3302-)- 50. — Bridge  at  Selma,  Rome,  and  Dalton 
fiailroad;  draw  required 20,000  00 

Station  3333. — Broad  street  wagon -bridge ;  draw  necessary 10, 000  00 

Total 2,276,663  00 

^[    ■ 

•^^:  V  12. 

IMPROVEMENT  OF  THE  OCMULGEE  RIVER,  GEORGIA. 

This  river  by  its  junction  with  the  Oconee  forms  the  Altamaha,  and 
nrnishes  a  nafural  outlet  for  the  lumber,  cotton,  and  other  heavy  pro- 
luct«  of  a  large  section  of  Central  and  Southeastern  Georgia.  <f^ 

Below  Macon  the  Ocmulgee  flows  through  a  heavily-timbered  alluvial 
ountry,  and  its  channel  is  therefore  quite  tortuous  and  shifting,  and, 
s  would  naturally  be  expected,  the  principal  obstructions  are  caused 
ither  directly  or  indirectly  by  the  caving  in  of  the  banks.  The  trees 
fiat  are  undermined  fall  into  the  channel  and  form  snags,  and  in  raan^^ 
ases  sunken  rafts  which,  by  retaining  silt,  form  bars,  and  render  the 
flannel  impassable  at  low-water  and  unsafe  at  all  times.  The  improve- 
lent  consists  almost  entirely  of  the  removal  of  these  obstructions,  and 
r  the  overhanging  trees  which  are  liable  to  become  such.  In  a  few 
t8es,  as  at  Hubbarid's  Shoals,  rocks  form  the  obstruction,  but  there  will 
^  much  less  rock  excavation  than  was  originally  supposed.  The  work 
done  by  a  small  force  of  hired  laborers,  provided  with  steam  derrick 
>atM  and  other  suitable  appliances. 
The  steamer  Clyde,  which  was  employed  on  the  work  at  the  beginning 

the  year,  was  discharged  in  September,  and  the  force  was  employed 

building  a  new  steam  denick  boat,  which  was  finished  and  put  to 
>rk  in  the  channel  in  December. 

l>uring  the  year  963  snags  and  84  overhanging  trees  were  removed, 
le  snags  are  reported  to  have  been  unusually  difficult  to  remove  on 
count  of  their  large  size,  the  high  water,  and  the  fact  that  they  were 
/lersilly  located  in  the  middle  of  the  channel. 

It  is  expected  that  the  more  serious  obstructions,  between  the  mouth 
the  Ocmulgee  and  Hawkinsville,  will  be  removed  in  time  to  allow  the 
ton  crop  this  year  to  be  shipped  by  steamboat. 
rhe  following  extract  from  the  report  of  Assistant  Engineer  B.  W. 
[>l>el  will  give  an  approximate  idea  of  the  amount  of  commerce  on  this 
er : 

•uriug  the  past  year  work  in  the  Ocnialeee  has  been  confined  to  that  portion  of  it 
vv€M?ii  its  mouth  and  Fodderstack  Cut,  about  65  miles ;  1,134  snags  have  been  taken 
,  and  most  of  these  very  large  and  deeply  imbedded  in  sand.  In  one  instance  a 
reHH  stump  was  taken  from  mid-channel,  measuring  144  inches  at  a  point  even  with 
surface  of  the  f^round  when  standing.  One  of  the  worst  places  on  the  river, 
wn  as  Dick  Swift  Cut,  employed  the  force  several  weeks;  the  current  here  is 
<I,  and  the  channel  filled  with  logs  and  stumps,  it  was  the  terror  of  boatmen  and 
Allien.  Most  of  the  logs  have  been  removed,  and  boats  drawing  4  feet  can  now 
I  At  low-water ;  a  week  or  two  more  will  clear  it  entirely. 
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From  BiUTow's  Bluff  to  Jacksonville  (abont  3  miles)  the  river  was  so  filled  with  logs 
that  it  seemed  like  one  great  raft.  This  has  been  removed  and  Swain's  Cut  cle&ned 
ont.  The  river  was  so  obstructed  here  that  boats  could  not  yass  at  ordinary  water; 
there  is  no  diffionlty  now. 

A  fnat  number  of  isolated  logs  have  been  taken  ont  between  JacksonyilleandD^ck 
Switt,  54  of  these  having  been  found  above  Guilder's  Bluff.  From  Banow's  to  Ash- 
lev's  Cut,  a  great  number  of  isolated  logs  were  removed.  The  cut  waa  found  U>  ht 
filled  with  a  great  raft,  nearly  closing  the  passage,  while  a  sand-bar  at  the  lower  ud 
rendered  the  water-way  so  narrow  and  tortuous  that  it  was  very  difficult  for  u 
empty  boat  to  pass.  The  logs  have  been  taken  out,  and  the  sand-bank  has  waslird 
Away ;  there  is  now  ample  water  for  a  boat  drawing  4  feet.  From  thi8  point  to  Rf^ 
ben's  Cut  many  isolated  logs  were  removed.  The  cut  has  continued  to  widen  vd 
deepen  ;  the  old  river  is  rapidly  closing,  and  neai'ly  the  whole  volume  of  water  pa&o^ 
through  the  cut.  Boats  and  rafts  pass  here  without  difficulty.  There  are  some  10.' 
12  feet  in  the  channel,  and  no  snags.  Trees  sometimes  come  in  from  washing!  of  tk 
banks,  and  these  have  to  be  looked  aft<^r.  From  this  point  to  Horse  Creek  ttw  ocb 
obstacles  met  with  were  isolated  snags ;  these  were  numerous. 

At  Horse  Creek  there  was  a  raft  of  sunken  logs,  known  as  '^ Horse  Creek  cq»;:%' 
These  have  been  taken  out.  Below  this  is  a  place  very  dangerous  for  rafts,  knovi:  i* 
Lower  Winslow  Point.    A  sketch  of  this  point  is  herewith  inclosed. 

Boats  pass  here,  but  for  the  convenience  of  rafts  the  cut  into  the  lake  or  old  riw 
should  be  opened.  Booms,  such  as  I  described  to  j^ou  in  a  previous  letter,  shonlil  ^ 
placed  across  several  sucks  or  breakovers  for  the  reasons  stated. 

Immediately  above  Burkett^s  Ferry  a  very  dangerous  rock  was  reported  by  pifc> . 
mid-channel.  This  rock  was  recently  fiahed  out,  and  proved  to  be  an^mmeneerr^H 
stump. 

There  are  no  obstacles  between  Burkett's  Ferry  and  Hubbard's  Shoal  except  I-*- 
most  of  these  have  been  removed. 

In  all  parts  of  the  river  some  logs  yet  remain  ;  these  have  been  missed  dnriopV;^ 
water,  but  are  not  serious  obstacles  except  at  seasons  of  eztraordinar)-  Iow-«i>' 
«uch  as  we  had  in  1879.    When  such  low-wat«r  again  occurs  they  can  be  gottrc  t 

It  has  not  been  possible  to  remove  them  during  such  high-water  as  has  \iTt^*- ' 
during  the  past  winter  At  Hubbard's  Shoal  the  deepest  water  waa  fille<l  witii  'f 
forcing  boats  to  make  their  way  over  the  shallower  portion  of  the  rock  bar.  Tb"*' 
have  been  removed  and  since  then  the  pilots  have  not  complained.  Workv' 
doubt  be  needed  to  secure  a  free  passage  at  extreme  low-water. 

At  Tilman's  Bar  there  are  some  7  or  ti  feet  at  low-water ;  iii»m  this  )K>int  to  the  3^ 
of  the  river  the  channel  is  clear. 

In  December  last  the  snag-boat  McA/thur  was  ready  for  service  and  dropped ■^'^ 
from  Hawklnsville  to  the  mouth  of  the  river. 

Work  was  begun  here  removing  logs  that  lay  in  mid-channel;  manv  of  tht^ "' 
■o  deeply  buried  iu  sand  that  we liad  not  until  tlieu  the  power  to  lift  them.  Vif'* 
these  were  found  between  the  mouth  of  the  river  and  the  Macon  and  Bninswkl;^ 
road  bridge,  some  that  interfered  with  steamboat  navigation,  and  many  othei>t^ 
seriously  endangered  rafts;  upon  some  of  these  logs  a  great  number  of  rafts ^rr^' 
to  havebcen  wrecked.    All  of  those  known  to  river  men  have  been  removed. 

The  snag-boat  has  gradually  worked  her  way  np  stream  and  isnow  abi)^rJ» 
Swift  and  about  65  miles  from  the  mouth  of  the  river.     "     *     *    From  Fodders:* 
Cut  to  Lampkins,  f  of  a  mile  or  more,  was  one  of  the  worst  placeH  on  the  rivtr. 

The  channel  seemed  to  be  a  sunken  raft  covered  with  saod  through  wbi^'^' 
branches  and  roots  of  trees  stuck  up  so  thick  that  a  boat  drawing  15  inches  <^|^'^ 
pass.  I  am  satisfied  that  the  jetty  system  adopted  here  and  on  the  Ocitnee  will''-* 
all  trouble  from  sand-bars.  Such  jetties  are  easily  constjmcted  and  will  uesn*^ 
away. 

Three  steamboats  are  now  plying  upon  the  Lower  Ocmulgee.    Tbeyniakr^nj 
from  Darien  and  Savannah  to  Wilcox's  Lake  and  Hoi  lings  worth's  Landing;,  f^*" 
to  100 -miles  from  the  mouth  of  the  Ocmulgee.    Two  other  boats  are  bnihiijip,  •*•■' 
Tilman's  Landing,  and  the  other  at  Hawklnsville,  while  others  still  are  in  roDiew}'  • 
tion. 

During  the  first  four  months  of  the  year  there  was  laude<l  and  8hippe«l  fn»i»'" 
railroad  station  at  the  Macon  and  Brunswick  Railroad  bridge,  the  followinir  ar:c:  • 
Guano  8,228  sacks ;  rosin  and  spirits  turpentine,  2,259  barrels;  cotton.  ^  hal^v  »» 
a  fraction  less  than  200,000  pounds  merchandise,  including  corn  and  bacon. 

As  this  is  but  a  way  station  from  which  freight  must  be  transhipped  by  «n 'f^* 
either  direction,  it  is  not  likely  that  any  large  proportion  finds  its  war  li^rp  nnt  £• 
in  bulk  to  Darien  or  Savannah,  or  from  these  points  up  the  river.  ^ 

In  Hawklnsville  about  $1,000,000  worth  of  supplies  of  various  kinds  an' di*f"«»"*  * 
and  20,000  bales  of  cotton  are  received  annually.  J 

Cotton  is  shipped  now  by  rail  to  Savannah  at  a  cost  of  $1.80  per  l«l«'  ".^  ^^Jj 
could  be  shipped  for  $1,  or  less.    This  cotton  is  worth  11,000,000;  100,«»  P**"^"  *l 

I 
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wool,  valued  at  |33,0<X),  is  also  shipped  from  here,  while  60,000,000  feet  of  lumber  are 
alflo  rafted  annaally  out  of  the  Ocmnl^ee. 

Arrangements  are  being  made  to  ship  cotton  to  Savannah  by  water  so  soon  as  the 
ri?or  is  open.  Below  Hawkinsville  some  3,000  to  4,000  bales  of  cotton  are  raised,  and 
this  more  accessible  to  the  river  than  to  other  transportation.  According  to  the  report 
of  shipments  from  Ocmulgee  Station,  lower  down,  an  average  of  1,000  bales  is  annually 
received  from  the  river  at  that  point,  and  this  does  not  cover  the  entire  amount  pro- 
dnced  within  range  of  the  river. 

There  are  a  great  many  turpentine  stills  scattered  through  this  section.  These  are 
seeking  the  heavy  forests  along  the  river  where  transportation  can  be  had. 

All  these  interests  suffer  on  account  of  the  obstructions  in  the  river,  but  most  of  all 
the  lumber  trade ;  so  great  are  the  losses  from  this  cause,  that  one  firm  (the  Georgia 
Land  and  Lumber  Company)  has  offered  to  give  the  necessary  timber  for  the  booms, 
and  fnmish  to  the  government,  free  of  cost,  twenty  or  more'  hands  to  work  on  the 
river. 

The  original  estimate  for  improving  the  Ocmulgee  River,  Qeorgia,  was..  .  $56,240  00 

Amount  appropriated 44,000  00 

Amount  expended 35,891  69 

Money  statement. 

July  1,  1879,  amount  available $13,010  39 

Amount  appropriated  by  act  approved  June  14,  16ti0 7, 000  00 

*  $20, 010  39 

July  1,  18B0,  amount  expended  during  fiscal  vear 11, 902  08 

July  1,  1880,  outstanding  liabilities 1 524  45 

12,426  53 

July  I,  1880,  amount  available 7,583  86 

Amount  (estimateil)  required  for  completion  of  existing  project 12, 240  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enaing  June  30, 1882.     12, 240  00 


Vi3. 

* 

IMPROVEMENT  OF  OCONEE  RIVER,  GEORQLA. 

The  description  just  given  of  the  Ocmulgee  Biver  and  its  obstructions, 
^nd  the  method  of  improvement  adopted,  is,  without  material  alteration, 
•pplicable  to  the  Oconee.   .  « 

At  the  beginning  of  the  fiscal  year  the  new  steam  derrick-boat,  built 
.t  Milledgeville,  had  just  worked  its  way  down,  with  much  difticulty, 
brough  snags,  rafts,  &c..  to  tbe  Oeorgia  Central  Railroad  bridge,  which 
>rmed  the  upper  limit  oi  the  work  authorized  by  the  appropriation  act. 
'rem  this  point  she  worked  down  the  river,  removing,  en  route^  566 
tiags,  and  13  overhanging  trees,  reaching  Dublin  on  the  21st  of  Janu- 
ry,  since  which  time  she  has  been  at  work  between  Dublin  and  the 
louth  of  the  river,  where  she  has  removed  235  snags  and  7  overhanging 
•ees. 

Purtber  details  relating  to  work,  and  to  the  advantages  to  beexi)ected 
otn  it,  are  given  in  the  following  extract  from  the  report  of  Assistant 
DfpneerB.  W.  Frobel : 

The  work  on  tliis  part  «f  the  river  (below  Dublin)  so  far  satisfies  me  that  the  esti- 
ate  of  $35,000,  submitted  some  time  ago,  will  cover  the  cost  of  improving  it  from  its 
:>titli  t<>  Dublin.  There  are  no  rock  shoals  here  that  cause  serious  trouble.  Logs 
L<1  sand-bars,  which  result  from  sunken  logs,  are  the  difficulties  in  the  way  just  now, 
id  jc^tties,  such  as  those  at  Buckeye  Creek,  will  probably  cure  these  trouliles. 
There  are  a  great  many  sucks  and  breakovers,  similar  to  those  on  the  Ocmulgee. 
lese  are  dangerous  and  often  destructive  to  rafts.  Booms,  similar  to  those  I  have 
commended  for  the  Ocmulgee,  should  be  placed  across  them.    They  are  generally 
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not  troublesome  until  the  water  rises  5  or  6  feet,  then  it  rushes  with  great  violence 
through  them,  and  rafts  are  drawn  in  and  wrecked.  One  such  ''suck'*  on  the  Ocmol- 
gee  costs  the  Georgia  Land  and  Lumber  Company  $1,000  yearly  in  this  way.  In  wme 
cases  trees  near  the  banks  can  be  used  to  ancnor  the  booms,  instead  of  piles.  What 
necessary  a  pile-driver  can  be  rigged  on  either  of  our  boats  with  little  cost. 

There  are  three  steamboats  plying  on  this  river  and  a  large  barge.  Another  steam- 
boat will  soon  he  built  for  the  same  purpose.  One  of  these  boats  (the  Col ville)  dis- 
tributed during  the  past  spring  3,000  tons  guano.  Fifteen  thousand  bales  of  cottua 
are  annually  raised  within  easy  reach  of  the  landings,  wtfrth  $750,000.  L*ai]RD8ud 
Montgomery  counties  alone  produce  300,000  pounds  wool.  There  are  two  turpentiiie 
distilleries  on  the  banks  of  tnc  river.  One  of  these  produces  6,000  barrels  rosin  and 
800  barrels  spirits  of  turpcmtine,  and  the  one  which  has  just  been  built  is  of  eqosl  ca- 
pacity. Between  30,000,000  and  40,000,000  feet  of  lumber  are  also  floated  anDnftU? 
out  of  this  river.  This  trade  suffers  seriously  from  an  obstructed  river.  AU  the  peoplr 
employed  in  these  various  industries  have  their  chief  and  almost  only  means  of  traos- 
portatiou  furnished  by  the  river.  The  value  of  products  seeking  this  route  doesiK^t 
fall  much  below  $1,200,000,  while  supplies  of  all  kinds,  including  com  and  bacoo, 
along  a  line  of  200  miles  of  navigable  water  are  all  transported  over  it,  and  in  th«  ag- 
gregate amount  to  a  very  large  sum.  The  agent  at  Ocmnlgee  Depot  reports  tliat 
200,000  pounds  of  merchandise  were  ship]>ed  up  the  Oomulgee  from  tnat  pout  doricc 
the  past  four  months.  The  people  on  the  Oconee  aro  more  dependent  upon  n^ 
transportation,  and  we  must  remember  that  as  these  l>oats  ply  from  Darien  and  Sivar- 
nah  most  of  their  freights  are  shipped  from  those  points. 

It  will  probably  be  necessary  to  keep  a  snag-boat  employed  on  thb 
river  for  several  years,  at  an  annual  cost  of  aboat  $3,000. 

This  work  is  in  the  collection  district  of  Brunswick,  Ga. 

The  estimates  macle  for  this  work  were $1.5,000  M 

Amount  appropriated 13,  O*  ♦ 

Amount  expended 10,7S'> 

Tbe  original  estimate  just  given  was  made  by  Mr,  Gould  in  1874  ist 
Report  of  Chief  of  Engineers,  1875,  pp.  42  to  45),  and  it  is  now  e\idt«' 
that  a  much  larger  sum  will  be  I'equired  to  remove  all  tbe  obstrueti»c5 
to  low- water  navigation.  Assistant  Engineer  Frobel  states  that,  fbe 
a  recent  examination,  it  will  cost  $35,000  to  complete  the  improven^f 
from  Dublin  to  the  month  of  the  Oconee,  and  gives  the  following  rea^xs 
for  the  discrepancy  in  the  estimated : 

I  would  respectfully  invite  your  attention  for  a  moment  to  the  difficulty.  m2^  '- 
might  SHy  impossibility,  of  arriving  at  anything  like  certainty  iu  estimating  thvfics- 
ber  of  logs  in  ri  vers  of  this  character.  Mr.  Gould  places  the  entire  number  of  loi^s  i^ 
snags  between  the  bridge  and  Dublin  at  275.  Five  hundred  and  fourteen  have  alm^.* 
been  taken  out,  and  there  are  still  several  places  where  more  work  is  needed,  prab^'.i 
sufficient  to  employ  a  boat  and  party  two  or  three  months. 

Should  Congress  therefore  decide  to  complete  this  work  in  aeoonia&er 
with  the  foregoing  suggestions  the  estimate  of  cost  must  be  increa^ 
$35,000. 

Money  statement 

July  1,  1879,  amount  available 17,317  85 

Amount  appropriated  by  act  approved  June  14,  1880 1, 500  00 

July  1,  1880,  amount  expended  during  fiscal  year 6, 541  50 

July  1,  1880,  outHtauding  liabilities 397  16 

July  1,  1880,  amount  available 1,W9  1^ 

Amount  (estimated )  required  for  completion  of  existing  project ^  000  i*^ 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  10,  OlW  0^^ 
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V    14. 
SI  RVEY  OF  CHATTAHOOCHEE  RIVER  ABOVE  COLUMBUS,  GEORGIA. 

United  States  Engineer  Office, 
Chattanoogaj  Tenn,y  November  19, 1879, 

General  :  I  have  the  honor  to  submit  herewith  a  report  on  the  sur~ 
vey  of  the  Chattahoochee  River  above  Columbus,  Ga.,  authorized  by 
appropriation  act  of  June,  1878. 

Steps  were  take  to  procure  instruments  for  beginning  this  survey 
early  in  the  season,  but  owing  to  the  prevalence  of  the  yellow-fever  epi- 
demic, which  interrupted  travel  and  threatened  to  overrun  this  whole^ 
section,  the  surveying  party  was  not  fairly  at  work  in  the  field  until 
January  8, 1879.  The  exceptionally  cold  weather  and  high  water  at  that 
time  rendered  it  difScuIt  and  tedious  to  make  the  survey ;  and  it  was  not. 
nntil  the  6th  of  May  that  the  field  party,  having  completed  its  work,  waa 
disbanded. 

Mr.  D.  L.  Sublett  wa«  detailed  to  make  this  survey,  with  orders  to  re- 
port for  additional  instructions  to  Assistant  Engineer  B.  W.  Frobel,  at 
Atlanta. 

For  reasons  not  necessary  here  to  state,  the  report  of  Mr.  Sublett  was 
not  completed  so  far  as  the  estimates  were  concerned,  but  in  justice  to- 
both  of  these  gentlemen  and  in  order  to  secure  the  ftiU  weight  of  their 
opinion  as  to  the  practicability,  cost,  and  other  matters  upon  which  they 
Heem  to  have  arrived  at  difterent  conclusions,  I  append  both  reports  as 
they  were  submitted.  In  these  reports  will  be  found  a  full  description, 
of  the  river  surveyed  and  of  the  proposed  method  of  improvement, 
together  with  estimates  of  cost  and  statements  of  the  advantages  to  be 
expected  from  the  proposed  improvement.  To  avoid  repetition  I  shall 
refer  only  to  those  points  which  appear  to  require  further  or  difiierent. 
consideration  from  that  given  in  the  appended  reports. 

The  most  important  element  to  be  considered  in  connection  with  the 
feasibility  of  this  improvement  is  the  amount  and  distribution  of  fall  to 
be  orereome  by  locka  and  darns. 

From  the  following  diagram  it  will  be  seen  that  the  entire  fall  between 
Thompson's  Bridge  (near  Gainesville)  and  Columbus,  a  distance  of  215 
miles,  is  751  feet,  and  that  this  fall  is  very  unevenly  distributed,  nearly 
one- half  of  it,  or  362  feet,  occurring  between  West  Point  and  Columbus^ 
in  a  distance  34  miles. 

The  improvement  of  the  second  section,  viz,  from  the  Western  and 
Atlantic  Railroad  bridge,  near  Atlanta,  to  West  Point,  appears  entirely 
feasible,  the  fall  being  only  1G2  feet  in  a  distance  of  108  miles,  and  there. 
bein^  only  about  36  feet  of  this  fall  requiring  to  be  overcome  by  lock& 
find  dams. 

The  feasibility  of  improving  either  the^r«^  or  third  sections,  whether 
considered  with  reference  to  the  magnitude  and  cost  of  such  works  aa 
the  government  has  undertaken  elsewhere,  or  to  the  advantages  to  be 
i:xi>ected  from  this  particular  improvement,  is  at  least  extremely  doubt- 
iil,  since  the  cost  of  the  improvement  and  of  maintaining  and  operating 
.he  necessary  locks  would  be  out  of  all  proportion  to  the  advantage  to 
!>e  di*rived  from  it.  This  will  be  apparent  from  the  following  estimates. 
n  preparing  these  estimates  the  following  principles  have  l^n  kept  in 
riew : 

1.  The  locks  must  not  only  provide  for  the  actual  fall  of  the  river  at 
ow-water,  but  each  lock  must  have  a  suificient  lift  to  allow  for  at  least 
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an  ordinary  high*water  stage.  It  would  of  course  be  useless  to  build 
locks  which  would  be  overflowed  and  rendered  impassable,  aad  perkpa 
seriously  damaged  by  ordinary  floods.  Taking  the  average  rise  at  28 
I)oiDts,  as  given  by  the  survey,  we  And  it  11  i  feet.  A  river  generally 
Tises  less  above  a  dam  or  shoal  than  below  it,  but  we  could  not  safdy 
reduce  the  above  average  od  that  account  more  than  one- third,  T^liici 
would  leave  11^  feet  as  the  least  average  rise  that  must  be  provided  k 
at  each  of  the  42  points  where  locks  would  be  required.  If  any  of  the 
looks  were  grouped  together  in  a  closed  canal,  this  would  apply  to  tk 
upper  lock  only ;  but  they  are  all  in  the  bed  of  the  river,  and  detached 
fh>m  each  other.  It  is  necessary,  therefore,  that  in  addition  to  the  4f 
locks  estimated  for  to  overcome  the  fall  of  the  river,  averaging  11.01 
feet  lift  feet  each,  there  must  be  42  more  guard  or  regulating  lockg^aver 
aging  11^  feet  lift  each,  to  provide  for  the  ordinary  changes  of  water-level 
In  three  or  four  cases  the  difficulty  could  be  overcome  by  giv^ing  addi 
tional  lift  to  the  locks  already  estimated  for,  but  at  all  other  points  ^ 
would  give  a  lift  greater  than  would  be  economical,  and  additional  locb 
would  be  cheaper. 

2.  It  would  not  be  allowable  to  use  timber  in  either  locks  or  dani'^ 
except  where  it  would  certainly  be  kept  wet  at  all  times.  In  this  elimttf 
even  the  best  yellow-pine  timber,  if  alternately  wet  and  dry,  last«l)i; 
a  few  years,  and  if  it  were  exx)osed  to  the  weather  in  this  work  iti* 
certain  that  before  half  of  the  locks  required  for  the  improvement  coslii 
be  built,  by  anything  like  ordinary  appropriations,  the  first  ones  voi^ 
be  rotten  and  unserviceable.  It  is  not  safe,  therefore,  to  estimate  ^x 
anything  short  of  substantial  rubble  masonry  or  concrete.  A  m^ 
one  of  the  84  locks  getting  out  of  order  would  obstruct  navigational 
render  the  whole  improvement  useless  for  the  time  being,  anditi.sths^ 
fore  important  that  nothing  but  durable  materials  should  be  indrodoee>i 

3.  As  this  proposed  improvement  is  for  future  rather  thsm  pre^ 
use,  and  as  the  locks  when  once  made  cannot  be  easily  enlarged  (^ 
49ize  of  the  locks  should  be  such  as  to  omit  the  largest  steamer  t^ 
would  be  likely  to  come  up  the  river  at  any  time  within  the  next  t 
years.  The  proper  dimensions  to  accomplish  this  are  of  course  a  Bi- 
ter of  opinion,  but  it  would  seem  probable  that  boats  200  feet  long  i^ 
40  feet  over  all  may  at  no  distant  day  navigate  the  Ix)wer  Chattai*^ 
^hee;  and  if  so,  the  locks  should  be  capable  of  passing  them. 

4.  The  cost  of  excavating  sites  for  locks  and  leveling  up  to  g^ 
will  vary  according  to  the  location  and  nature  of  materials  upon  ^^ 
•each  lock  is  founded,  and  the  survey  was  not  sufficiently  detailed  to  ^^ 
termine  all  these  points ;  but  taking  the  average  actual  cost  of  T)  hvt' 
at  Muscle  Shoals  as  a  basis,  we  may  conclude  that  this  itom  of  eip^^^ 
cannot  fall  short  of  $9,000  for  each  lock.  The  locks  at  Muscle  Sh^ 
were  exceedingly  favorably  located,  the  strata  of  limestone  being  ne*'fe 
horizontal,  and  there  was  but  little  expense  for  coffer-i.'ams.  ThesecoE 
siderations  would  more  than  compensate  for  the  difference  in  tbesifi!<*| 
the  locks.  The  average  cost  of  preparing  sites  for  6  locks  was  1^^^' 
exclusive  of  engineering  and  contingencies. 

5.  The  cost  of  gates  and  wickets,  and  the  necessary  winches,  &i'  .f*^ 
•operating  them,  will  not  fall  short  of  $5,000  for  ea^h  lock  of  aven^re^'^' 

viz,  11  +  feet. 

6.  The  annual  cost  of  maintaining  and  operating  the  proposed  iw^^ 
and  dams  should  be  considered  with  reference  to  the  probable  amoufi^ 
of  commerce  that  would  be  created  and  benefited  by  the  improvement. 
This  is  more  especially  a  question  to  be  decided  by  Congress,  bot  a> 
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bearing  upon  the  subject  I  have  added  an  estimate  of  the  probable  cost 
of  maintenance,  capitalized,  which  represents  the  minimum  expenditure 
that  can  be  expected.  The  smallest  force  of  lock-tenders  that  could  be 
•expected  to  work  the  locks  and  attend  to  minor  repairs  would  be  4  men, 
which,  at  $1  a  day  each,  for  the  42  places  where  locks  will  be  required, 
would  cost  $168  per  diem,  or  $61,320  per  annum,  which  capitalized  at 
4  per  cent,  would  represent  a  permanent  investment  of  $1,533,000. 

7.  Another  very  considerable  item  of  expense  would  result  from  the 
toll-bridges,  railroad-bridges,  and  mill-dams  along  the  river,  which  would 
be  more  or  less  interfei'ed  with.  This  would  require  the  payment  of 
damages  to  the  private  owners,  or  would  involve  additional  expense  in 
the  work  itself  to  avoid  interfering  with  these  structures,  of  which  there 
are  at  least  a  dozen  between  Gainesville  and  Columbus.  The  amount 
of  money  involved  can  only  be  ascertained  by  a  careful  examination  into 
the  circumstances  of  each  case.  The  question  of  overflowing  private 
lands  would  also  be  liable  to  add  materially  to  the  cost  of  the  proposed 
improvement. 

8.  As  to  the  amount  of  commerce  that  may  be  anticipated,  it  may  be 
Aaggested  that  the  river  is  crossed  by  four  railroads,  and  is  nowhere 
more  than  15  miles,  and  on  an  average  only  about  7  miles,  from  a  rail- 
road ;  and  the  general  direction  of  the  river  is  nearly  at  right  angles  to 
the  lines  which  commerce  naturally  seeks,  from  the  great  Mississippi 
Basin  to  the  Atlantic  Ocean.  It  is  not  likely,  therefore,  to  form  a  link 
in  any  through  or  trunk  route. 

9.  Should  Congress  decide  to  commence  work  on  one  or  more 'sections 
of  this  river,  it  is  earnestly  recommended  that  at  least  one-third  of  the 
amount  estimated  for  the  proposed  work  be  appropriated  the  first  year. 
For  example,  if  the  second  section  is  appropriated  for,  the  amount  should 
be  one-third  of  $486,474,  or  say  $160,000.  In  beginning  a  large  work 
of  this  kind,  a  considerable  outlay  is  necessary  for  machinery,  tools,  and 
•upplies,  and  unless  due  allowance  is  made  for  these  items,  which  are 
necessary  for  the  economical  prosecution  of  the  work,  the  whole  appro- 
priation will  be  exhausted  in  preliminary  operations,  without  making 
any  progress  with  the  actual  work  of  improvement. 

It  is  also  to  be  remembered  that  no  advantage  whatever  will  be  de- 
rived from  the  money  exx>endod  until  a  sufficient  length  of  the  river  is 
Diade  navigable  to  induce  private  parties  to  build  steamboats  and  engage 
tn  commerce. 

ESTIMATK. 

ilBCTioN  I. — Thompson's  Bridge  to  Western  and  Atlantic  Railroad  Bridge, 

73  MILES. 

Channel  excavation,  3,669  cubic  yardsy  at  $5 |L8, 345 

Canal  excavation,  4(K)  cnbic  yards,  at  $^i 1, 300 

Timber  for  dams,  l,8HtJ,356  feet,  at  $15  per  M 28,325 

Stone  in  crib-dams,  41,931  6ubic  yards,  at  $1    41,931 

(These  foar  it^ms  from  Assistant  Engineer FrobeVs  estimate.) 
S8  locks,  7  to  16  feut  lift,  averagin<;  11  feet,  at  an  average  cost  of  $42,140 

each,  including  excavation,  foundation,  gates,  wickets,  &,c 1, 179, 920 

1,269,721 
Add  20  per  cen t.  for  engineeri ng  and  contingencies 253  944 

1,523,665 
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Skctiox  IL— NVestkrx  axd  Atijixtic  Railroad  BRiiKiE  to  West  Point,  Ga.,  lOB 

MILES. 

Channel  oxciivatiou,  10,773  cnhio  yards  at  $5 $33,835 

Winp  and  riiirap  diuuH,  3/^25  I'uUic  yariU,  at  ^2.10 6,772 

Timber  for  daniH,  9!;iI,5(M  feet  board  mejwure,  at  $15  p4»r  M 13,  *J24 

Stone  in  crib-<lanifl,  13,121  cnbie  yards,  at  |l 13, 121 

Iron  drift -boltH,  &e.,  6,213  ponnds,  at  6  cents 373 

(These  live  items  from  Assistant  Engineer  FrobeVs  estimate.) 
8  locks,  6  to  11  feet  lift,  averaging  10  feet  lift,  at  an  average  cost  of  $39,680 

each,  including  excavation,  foundation,  gates,  wickets,  &,c 317, 440 

Add  20  per  cent,  for  engineering  and  contingencies 81,079 

486, 474 

Section  HI.— West  Point,  Ga.,  to  Columbus,  Ga.,  34  miles. 

Channel  excavation,  9,717  cubic  yards,  at  $5 $48, 5Ho 

Canal  excavation,  17, 777  cubic  yards,  at$l 17,777 

Timber  for  dams,  6,322,704  feet  boanl  measure,  at  $15  per  M 94,  &I9 

Stone  in  crib-dams,  138, 051  cubic  yards,  at  $1 13?^, (01 

(These  four  items  from  Assistant  Engineer  Frobel's  estimate.) 
48  locks,  lift  from  7  to  16  feet,  averaging  11|  feet,  at  an  average  cost  of 

$43,430  each,  including  excavation,  foundations,  gates,  wickets,  &.c 2.084,6K^ 

2,383.^ 
Add  20  per  cent,  for  engineering  and  contingencies 476,719 

2,860.6rt 

Total  cost  section  1 1,523.85 

Total  cost  section  II.. 4r^,C\ 

Total  cost  section  III 2. 8611,6:5 

4,87(».-:' 
Add  annual  cost  of  operating,  capitalized  at  4  per  cent 1, 533, ^ 

Aggregate 6, 4ftl,  :- 

The  maps  of  this  survey  consist  of  a  large  number  of  detailed  sketchex 
showing  the  principal  obstnictions,  and  location  of  proposed  iinpn)r6 
ment«,  and  will  be  forwarded  as  f  oon  as  they  are  copied. 
Very  respectfullv,  your  obedient  servant, 

W.  R.  King, 
^fajor  of  JEngii 
The  Chief  of  Engineers,  U.  S.  A. 


REPORT  OF  MR.    B.    W.    FROBEL,   ASSISTANT  ENGINEER. 

Atlanta,  Ga.,  Juljf  5,  1^73. 

Major:  I  have  the  honor  to  submit  the  following  report  of  a  survey  of  the  Chatty 
hoochee  River  from  Thompson's  Bridge^  in  Hall  County,  to  Columbus,  Ga.,  made  under 
orders  commnnicated  to  me  by  you  December  3,  1878.  « 

On  the  10th  of  January,  1879J  the  survey  was  begun  at  Thorn  pson-s  Bridge^  the  field 
work  being  under  the  direction  of  Mr.  D.  L.  Sublett,  and  ende^  on  the  5t-h  of  May  at 
Columbus.  The  weather  for  most  of  the  time  was  favorable  for  the  prosecution  of  field 
work,  with  an  unusually  low  stage  of  water  for  the  season. 

The  Chattahoochee  rises  in  Northeast  Georgia,  and  after  traversing  the  State  in  * 
southwest  direction  to  West  Point,  takes  a  course  nearly  due  south,  and  for  aboot  4(>0 
miles  forms  the  boundary  between  Georgia  and  Alabama.  It  then  enters  West  Florida. 
and  flowing  across  that  State  empties  into  the'  Gulf  of  Mexico. 

From  the  seaboard  to  Columbus,  a  distance  computed  by  water  at  400  miliw.  there 
is  constant  navigation  for  boats  capable  of  carrying  750  bales  of  cotton,  and  tbi^  por* 
tion  is  Ijeing  improved  by  the  removal  of  bars  and  other  obstructions. 


COtUf 
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The  river  paanes  through  the  following  counties  in  Florida,  which  iu  1870  had,  ac- 
cording to  the  United  States  censns,  an  aggregate  population  of  22,634,  viz :  Franklin, 
Liberty,  Calhoun,  Gadsden,  and  Jackson.  It  also  passes  along  the  following  counties 
in  Alabama :  Henry,  Barbour,  Russell,  and  Chambers,  with  a  population  of  82,6d8, 
while  in  Georgia  21  counties  are  adjacent  to  its  waters  with  a  population  of  231,719, 
making  an  aggregate  of  337,051  people  living  along  its  banks  from  where  the  survey 
began  to  the  Gulf  of  Mexico.  This  enumeration,  however,  was  made  in  1870.  Since 
then  the  population  in  some  of  these  connties  has  greatly  increased.  For  instance,  the 
population  of  Atlanta  in  1870  was  21,798 ;  it  is  now  about  42,000,  or  double  what  it  was 
in  1870.  Adding  for  the  other  counties  10  per  cent,  of  increase,  we  have  about  400,000 
people  who  would  be  directly  benefited  by  the  proposed  work. 

The  river  for  its  entire  length  Hows  through  a  rich  and  highly  productive  country. 
The  census  of  1870  gives  $22,606,980  as  the  aggregate  value  of' farm  products  in  the 
counties  upon  its  banks.  This  value,  no  doubt,  has  been  much  increased  during  the 
ten  years  past,  and  would  be  greatly  increased  still  were  some  better  and  cheaper 
means  of  transportation  afibrdeo  this  section.  The  census  of  1870  gives  1 ,240  factories 
and  workshops  of  every  description  in  the  counties  named,  employing  a  capital  of 
$6,398,603,  and  producing  annually  articles  whose  value  is  given  at  $9,166,4o5.  Of 
this  amount  $1,760,750  is  invested  in  cotton-factories,  12  of  which  run  80,000  spindles. 
Comprised  in  tne  manufacturing  establishments  enumerated  above,  there  are  242  flour 
and  grist  mills,  134  saw-mills,  1  foundry,  21  tanneries  and  other  factories,  and  most  of 
these  situated  immediately  upon  the  Chattahoochee  and  its  tributaries.  The  great  gold 
region  lies  upon  the  waters  of  this  stream  and  around  the  head  of  the  proposed  im- 
provement. Much  of  this  country  is  rich  with  magnetic  iron  ore  and  other  minerals 
of  great  value  could  some  means  of  transportation  be  afforded. 

In  a  distance  of  nearly  700  miles  the  river  is  approached  by  railroads  but  six  times, 
viz :  near  Atlanta,  near  Newman,  at  West  Point,  at  Columbus,  at  Eufaula,  and  Chat- 
tahoochee. Above  Atlanta  the  counties  north  of  th^  river  are  without  transportation 
except  by  .wagon-roads,  and  this  is  the  case  also  between  Atlanta,  West  Point,  and 
Columbus.  The  improvement  of  the  river  would  afford  a  cheap  and  certain  means  of 
getting  to. market  to  a  large  and  very  rich  agricultural  section.  Being  fed  principally 
by  living  streams,  it  is  not  subject  to  the  extreme  fluctuations  that  characterize  many 
other  rivers. 

For  convenience  the  survey  is  divided  into  thrfee  sections.  The  first  section  embraces 
that  portion  from  Thompson's  Bridge  to  Western  and  Atlantic  Railroad  crossing. 

SECTION  I. 

This  section  is  73  miles  long,  the  initial  point  at  Thompson's  Bridge  being  989.02  feet 
above  tide  in  the  Gulf  of  Mexico. 

At  the  railroad  crossing  the  elevation  is  762  feet,  ^ving  a  fall  of  227.02  feet  in  the 
4liBtance  named.  The  regimen  of  the  river  here  is  hxed,  the  bottom  and  banks  being 
uniformly  of  rock,  and  with  an'  average  width  of  water  surface  of  about  300  feet. 
Twenty-one  shoals  were  found  in  this  section,  with  an  aggregate  fall  of  about  160  feet. 
Between  these  shoals  the  current  is  usually  gentle,  with  long  stretches  of  unobstructed 
water  snfiieiently  deep  for  a  navigation  not  exceeding  3  feet. 

The  estimates  submitted  conteniplat<e  locks  150  feet  long  between  mitcr-sills  and  35 
feet  wide,  and  designed  to  accommodate  the  largest  boat  now  navigating  the  river. 
Head  and  tail  walls  to  be  of  masonry  laid  in  cement.  Intermediate  walls  of  cribs  filled 
Tvith  stone.  The  sides  of  these  and  the  bottoms  of  locks  to  be  double. planked.  It  is 
proposed  also  to  use  crib-dams ;  these  cribs  to  be  made  of  round  timber  of  from  14  to 
16  inches  in  diameter,  double  planked,  and  with  intersections  and  joints  secured  by 
iron  bolts.  An  abundance  of  such  material  may  be  had  wherever  these  works  are 
needed,  and  close  at  hand. 

The  elevation  of  the  water  surface  at  Tliompsou's  Bridge  was  obtained  by  a  transfer 
of  levels  from  the  railroad  track  at  Gainesville  Depot,  and  the  result  as  given  based 
upon  estimated  low- water  at  the  point  indicated.  All  soundings  are  reduced  also  to 
low-water. 

J^om  Thomp8on^8  Bridge  to  Shallotc  Ford  is  about  3  miles,  and  no  work  is  needed  here 
the  river  being  about  200  feet  wide  and  from  4  to  8  feet  deep.    The  shoal  begins  a  short 
distance  above  the  ford,  and  is  5,500  feet  long,  with  a  fall  of  6.71  feet. 

The  river  here  is  something  over  300  feet  wide,  the  channel  at  the  upper  end  being 
ctivided  by  an  island  1,600  feet  long.  The  best  water  is  found  in  the  right-hand  chan- 
nel. A  dam  275  feet  long  will  be  needed  here,  closed  by  a  lock  of  10  feet  lift.  For 
about  f  of  a  mile  below  this  the  water  is  good  to 

J^ahnmm'a  Shoal— The  river  here  is  200  feet  wide,  with  a  fall  of  3.17  feet  in  3,600  feet. 
*rhe  channel  over  this  has  a  minimum  depth  of  3  feet.  Three  wing-dams,  each  100 
feet  long,  placed  at  proper  intervals,  is  all  that  is  needed.  Below  this  shoal  there  is 
g€>aS.  water  for  1^  mties  to 

MooneifB  ShoaL—TYn^  is  5,600  feet  long,  with  a  fall  of  3.25  feet;  the  river  varying 
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from  150  to  950  feet  in  width.  The  obstrnctioa  consists  of  a  fish-trap  dam  at  the  bead 
of  the  shoal  and  a  rock-bar  at  the  lower  end.  Foar  handred  and  forty-four  cnbie 
yards  of  rock  must  be  removed  to  give  the  required  depth.  Below  this  there  u  ^ 
miles  of  good  water  to 

Overbff^s  SkoaL — Thin  shoal  is  immediately  above  the  month  of  Chestatee  Riyer,  and 
is  300  feet  long,  with  a  fall  of  6.92  feet ;  the  river  being  on  an  average  of  3G0  feet  wide. 
A  dam  at  the  mouth  of  the  Chestatee  200  feet  long,  closed  by  a  lock  of  7  feet  lift,  wiD 
be  necessary.    Below  this  for  2i  miles  there  is  good  water  to 

Browm'$  J/t7I.— This  shoal  is  ti,500  feet  lung,  with  a  fall  of  1.692  feet.  The  river  beie 
widens  from  250  to  600  ft^et.  A  dam  600  feet  long  near  Brown's  Mill,  with  a  lock  of  7 
feet  lift,  is  the  first  work  required.  Another  dam  260  feet,  with  lock  of  10  feet  lift, 
should  be  placed  at  lower  end. 

At  Southerns  Ferrg  no  work  is  neede<l.  For  10  miles  below  Brown's  Mill  the  ivater  l« 
good.    Theu  we  come  to 

PirhWn  ShoaL^T\i\^  is  4,600  feet  long,  with  a  fall  of  3.9  feet.  The  river  varies  froc 
300  to  400  feet  in  width.  The  obstraction  consists  of  3  rock  reefs,  with  pools  of  dft^ 
water  between.  The  channel  over  these  requires  deepening,  and  this  can  be  done  by 
the  removal  of  300  cubic  yards  of  solid  rock.    Two  miles  farther  down  is 

Winding  Shoals  and  Garner's  Bridge^  which  is  11,820  feet  long.  This  includes  tbets- 
tire  distance  from  Hammond's  Inland  to  a  fish-trap  shoal  below  Bowmau*s  IalaDd,viti 
a  fall  of  16.90  feet.  A  dam  at  the  fish-trap  shoal  350  feet  long,  with  a  lock  of  16  ft^ 
lift,  will  fiood  the  entire  obstruction  to  the  proper  depths.    Four  miles  from  this  is 

Mathew^s  Fish-trap  Dam. — This  is  a  ledge  of  rock  with  about  4  feet  of  wat'Croniw 
The  fish-trap  dam  shoiihl  be  removed  and  tjie  ledge  deepened.  This  requires  the  I^ 
moval  of  88  cubic  yards  of  rock.     For  12  miles  there  is  good  water  to 

Joneses  Ferry. — ^This  shoal  is  distributed  over  1,200  feet.  It  consists  really  of  3  shoaU 
with  deep  water  between  them.  The  first  is  at  Joues's  gin-house.  The  river  ben^s 
420  feet  wide,  with  a  fall  of  2.30  feet.  The  water  above  the  ledge  is  15  feet  deep,  tt^ 
by  removing  part  of  the  ledge  the  trouble  can  be  cured.  There  is  6,^)00  feet  of  tiiif? 
water  below  this  to  the  st^coud  ledge.  Here  there  is  a  fall  of  0.55  foot,  with  4  ft^  - 
water  above  aud  5  feet  below  it.  Th«^re  is  4,600  feet  of  duep  water  between  this  a: 
the  third  ledge.  There  is  a  fail  hejre  of  0.30  foot,  the  river  being  260  feet  wide.  D«e^ 
ening  the  channel  over  these  ledges  is  all  that  is  needed,  and  this  can  be  done  brtir 
removal  of  2,620  cubic  yanls  of  rock.    Ten  miles  below  this  is 

Island  ShoaL—^h\%  shoal  has  a  fall  of  9  feet,  distributed  over  5,000  feet.  Tbf  n'^ 
is  from  400  to  800  feet  wide,  the  channel  being  divided  by  two  iblanda.  A  dam  b?** 
the  lowest  reef,  500  feet  long,  with  lock  of  9  feet  lift,  will  pond  the  entire  shoal.  ^ 
miles  from  this  is  the  beginning  of 

Bostcdl  Shoal. — 10,400  feet  below  the  head  of  the  sboal  is  Kelpin's;  the  river  is  ^< 
distance  has  a  fall  of  13.28  feet  aud  averages  about  600  feet  in  width,  A  dam  6ft'>^ 
long  should  be  placed  here,  with  a  lock  of  12  feet  lift.  From  Kelpln'n  to  thefi^- 
Bull's  Sluice  is  nearly  2  miles.  The  river  between  these  points  varies  g^reatly  in«>'« 
the  channel  being  divided  by  many  small  islands.  There  is  a  fall  of  nearly  40  y* 
this  distance,  and  the  only  improvement  practicable  is  by  ponding.  This  can  U^ 
by  a  dam  at  the  head  of  Bulls  Sluice  400  feet  long,  with  lock  of  10  feet  lift.  "^ 
thousand  feet  below  this,  another  dam  650  feet  long,  with  lock  of  15  feet  lift  "^ 
another  dam  at  the  lower  end  of  the  sluice  COO  feet  long,  with  lock  of  15  ft*et  ' 
This  will  pond  the  entire  shoal.    The  next  obstruction  is  known  as 

Cochraws  Shoal. — No  work  will  be  needed  here,  as  a  dam  at  the  upper  end  of  »^** 
is  known  as  the  Devil's  Race  Course  will  flood  it.  The  next  shoal,  2  uillea  belov';^^ 
is  called 

The  DeviVs  Race  Course. — The  river  here  is  450  feet  wide,  with  a  fall  of  19.95  ^ 
measuring  from  the  head  of  Cochran's  Shoal.  A  dam  just  below  the  ilrst  fall^  «^>^-  ^ 
lock  of  12  feet  lift,  will  flood  Cochran's  Shoal.  Another  dam  at  the  lower  end  ufji»* 
course  will  flood  the  whole.  This  dam  will  be  456  feet  long,  with  a  lock  of  UM  ^'"^ 
lift.     About  one  mile  below  this  is 

IHmpsey's  Ferry, — ^The  river  here  is  300  feet  wide  and  the  shoal  5,200  feet  long,  »'*^ 
a  fall  of  10  feet.  A  dam  300  feet  long  with  lock  of  10  feet  lift  will  be  necessary.  T-* 
next  shoal  is  found  just  below 

Pac^^s  Ferry, — The  river  here  is  300  feet  wide,  filled  with  sunken  reefa,  and  h*5  aa^i 
of  6.50  feet  in  4,264  feet.     It  will  need  a  dam  300  feet  long,  with  a  lock  of  6^  fe^  li^^ 

Buzzard's  Roost  is  the  next  obstruction.  The  river  is  379  feet  wide,  the  shoal  r*''*- 
sisting  of  a  reef  20  feet  long.  This  should  be  removed,  involving  88  cubic  yani-*  ^^^^ 
rock  excavation.    The  next  obstacle  is  known  as 

De  Four's  Ferry, — This,  like  Buzzard's  Roost,  is  simply  a  narrow  reef,  througb  whif^ 
the  channel  should  be  deepened.    The  removal  of  88  cubic  yards  of  rock  will  do  thix 

The  estimated  cost  of  the  foregoing  work,  exclusive  of  excavations  for  Jock-fbanh 
hers  and  approaches,  is  $255,901.34.  Add  to  this  for  excavation  as  alK>ve.  engin^rin^ 
and  contingencies,  30  per  cent.,  |76,770.40,  and  we  have  $332,671.74  as  toe  enfirp  ri»sl 
of  the  work. 

From  this  point  to  the  Western  and  Atlantic  Railroad  Bridge  no  work  is  needed. 


'.r 
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8«CnON    U. — ^FROM    WE8TKRN    AND   ATLANTIC    RAILROAD    BRIDGE    TO  WS8T    POINT^ 

OROROIA. 

This  section  is  aboat  106  miles  long,  with  an  aggregate  fall  of  172  feet.  Deduct  &om 
this  35.5  feet  to  be  provided  for  by  locks,  and  1.2  feet  represents  the  fall  per  mile,  in- 
elading  shoale.  Deduct  the  sum  of  the  fall  at  these  shoals,  and  we  have  an  average 
of  only  .401  of  a  foot  as  the  fall  per  mile  over  the  balance  of  the  river.  The  sum  of  the 
shoals  is  less  than  10  miles  in  this  section,  there  being  99  miles  of  good  water  that 
needs  no  improvement.  The  river  bed  here  is  very  uniform,  about  300  feet  wide  at 
the  water  surface,  with  high  banks  and  bottom  of  rock.  There  are  no  sand-bars, 
snags,  or  other  obstacles,  except  those  named  below,  and  the  navigation  may  be  per- 
manently improved. 

The  first  shoal  is  about  6  miles  below  the  railroad  bridge,  and  is  known  as 

Greene  and  Pop^e  Shaah—Thfi  river  here  is  250  feet  wide,  the  shoal  a  succession  of 
rock  reefs,  and  1,677  feet  long,  with  a  fall  in  that  distance  of  1.25  feet.  The  channel 
across  these  reefs  needs  deepening  and  widening.  This  can  be  done  by  the  removal 
of  1,000  cubic  varris  of  rock.    Nine  miles  below  this  is 

AuatelP$  ShoaL—The  river  is  250  feet  wide,  with  a  fall  of  only  0.82  foot  iu  719  feet. 
The  obstruction  consists  of  narrow  reefs,  over  which  a  channel  should  be  excavated. 
The  removal  of  918  cubic  yards  of  rock  will  do  this.    About  10  miles  below  Austell's  is 

**  lied  Man^s"  Shoal, — The  river  here  widens  from  .300  feet  to  500  feet,  with  a  fall  of 
0.85  foot  in  1,616  feet,  the  obstruction  being  similar  to  the  two  preceding  shoals.  The 
remove-al  of  150  cubic  yards  will  give  the  required  channel.  About  7  miles  below 
this  is 

Mederie  SkoaL — The  river  here  varies  from  500  feet  to  600  feet  wide.  The  shoal  con- 
HiNte  of  naiTOW  reefs,  extending  over  7,367  feet,  with  an  aggregate  fall  of  8.42  feet. 
Between  tliese  reefs  there  are  pools  of  deep  water  with  a  gentle  current.  A  good 
channel  may  be  secured  by  excavating  a  part  of  these  reefs  and  the  construction  of 
three  wingAlaras,  one  below  each  of  these  obstacles.  This  would  require  600  cubic 
vardH  of  excavation  and  750  cubic  yanls  of  wing-dam.     Eight  miles  below  this  is 

Jasper  SeweWa  Island. — The  channel  here  is  divided  by  SewelPs  Island,  the  left  hand 
being  100  feet  and  the  right  200  feet  wide.  The  best  channel  is  in  the  right-hand 
channel.  This  shoal  is  3,684  feet  long,  with  a  fall  of  2.48  feet.  The  left-hand  channel 
should  be  closed  by  a  rubble-dam  at  the  head  of  the  island.  The  removal  of  1,211 
cubic  yards  of  rock  from  the  other  channel  will  give  the  required  depth.  About  4 
miles  below  this  is 

Bridge  Shoal y  at  the  crossing  of  the  Griffin  and  North  Alabama  Bailroad.  The  river 
here  is  375  feet  wide,  the  obstructions,  consisting  of  some  narrow  reefs,  extending  over 
300  feet  and  with  a  fall  of  0.40  foot.  The  removal  of  100  cubic  yards  of  rock  wiU  give 
sufficient  channel.    Three  miles  below  this  is 

Carter'u  Shoal. — ^A  small  island  divides  the  channel  here,  which  widens  out  from  30O 
to  400  feet,  with  a  fall  of  0.51  foot  in  782  feet.  The  best  water  is  found  near  the  right,, 
between  the  island  and  the  shore.  This  channel  is  obstructed  by  some  narrow  reefs, 
and  requires  the  removal  of  100  cubic  yards  of  rook.    One  mile  below  this  is 

**  BuIVs  Sluice  "  Xo.  2. — This  shoal  consists  of  some  narrow  reefs.  It  is  287  feet  long, 
with  1.70  feet  fall.  The  removal  of  222  cubic  yards  of  rock  from  the  best  channel  over 
these  reefs  will  give  the  required  depth.  One  mile  below  this  is 
»  Hemp^e  Shoal. — ^The  river  here  is  575  feet  wide,  with  0.67  foot  fall  in  500  feet.  The 
obstruction  is  canse<l  by  reefs  with  from  1  to  2  feet  of  water  on  them.  The  deepen- 
ing and  widening  of  the  present  channel  is  all  that  is  needed.  This  can  be  accom- 
plished by  the  removal  of  100  cubic  yards  of  rock.    The  next  shoal  is 

McIntosh*8. — The  river  here  suddenly  widens  from  200  feet  to  1,200  feet,  with  7.24 
feet  fall  in  3,790.  At  the  upper  end  of  the  shoal  it  w^ill  be  necessary  to  excavate  a 
channel  through  the  reef;  444  cubic  yards  of  rock  must  be  removed.  The  remainder 
of  the  shoal  can  be  flooded  by  raising  the  dam  at  HolUngs worth's,  3  miles  below. 

Hollintfsworih^e  Mill. — The  river  below  the  shoal  is  400  feet  wide,  the  shoal  750  feet 
long,  with  a  fall  of  3.51  feet.  By  raising  the  dam  and  closing  it  with  a  lock  of  10  feet 
lift  both  shoals  will  be  flooded.    Three  miles  below  is  another 

Shoal,  name  not  known.  The  river  here  is  from  500  feet  to  700  feet  wide,  with  2.4^ 
feet  fall  in  1,735  feet.  The  best  water  is  near  the  right  bank.  The  channel  should  be 
contracted  bv  a  win^-dam,  extending  from  some  exposed  rooks  in  the  river  bed  to  the 
left  bank  and  the  widening  of  the  passage  through  the  reef.  This  will  require  660 
cubic  yards  of  excavation,  and  550  yanls  of  wing-dam.    One  mile  below  this  is 

Hilley's  Shoal.— The  river  here  is  600  feet  wide,  with  1.45  feet  fall  in  590  feet.  To 
give  sufficient  depth  a  wing-dam  should  be  built  below  the  reef  and  the  channel  above 
cleaned  of  projecting  rocks.  This  requires  444  cubic  yards  of  wing-dams.  About  one 
mile  below  this  is  another 

Shoalj  name  unknown.  The  river  here  is  from  600  feet  to  700  feet  wide,  with  1.48 
feet  fall  in  965  feet.  The  channel  is  divided  by  an  island,  the  best  water  being  in  the 
left-hand  channel.    A  rubble-dam,  extending  into  the  right-hand  channel,  should  be 
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placed  at  the  head  of  the  island,  so  an  to  increase  the  flow  of  water  in  the  left  chan- 
nel. This,  with  the  removal  of  a  small  reef  above  the  island,  will  give  the  needed 
navigation.  Excavation  required  100  cubic  yards  and  350  cnbic  yards  for  rabble-dam. 
One  and  a  half  miles  below  this  is 

Bushhead  Shoal—The  river  here  is  from  700  feet  to  1,000  feet  wide,  with  5.17  feet  faD 
in  2,120  feet.  This  shoal  can  he  flooded  by  water  from  Daniel's  Mill  and  needs  no 
^i^ork      Two  miles  helow  this  is 

DanieVa  MHl—The  river  at  the  head  of  this  shoal  is  1,000  feet  wide,  and  900  fen 
nist  below  it,  with  a  fall  of  8.85  feet  in  5,334  feet.  A  dam  closed  by  a  lock  of  11  feet 
lift  will  flood  this  shoal  and  Bushhead.    Two  miles  below  the  mill  is 

Tompkint  Skoal— The  river  varies  here  from  300  feet  to  800  feet,  with  0.50  foot  fil 
in  330  feet.  The  obstruction  is  trifling,  and  can  be  removed  by  excavating  OT  cobr 
yards  of  rock.    One  mile  below  is 

Franklin  Shoal— The  river  is  500  feet  wide,  with  0.80  foot  fall  in  2,014  feet.  &m 
small  islands  divide  the  channel,  bnt  the  best  water  will  be  found  in  mid-river.  Ik 
removal  of  355  cnbic  yards  of  rock  will  give  the  required  depth.  One  mile  below i 
Another  , 

Shoal,  or  rather  reef,  name  not  known.  The  river  here  is  700  feet  wide,  wifli  Cffifi* 
fall  in  760  feet.  The  difficulty  here  is  found  in  some  narrow  reefs  through  which  a» 
channel  needs  widening.  The  removal  of  100  cnbic  yards  of  rock  will  do  thii.  Fir; 
miles  below  this  reef  is 

JackBon^a  Mill  Shoal— This  is  in  reality  two  shoals  about  1,200  feel  apart,  withd^ 
water  between  them.  The  river  at  the  upper  shoal  is  about  830  feet  wide;  attk 
lower  shoal  about  700  feet.  The  fall  at  the  upper  shoal  is  4.73  feet  in  500  feet ;  at  u^ 
lower  shoal  1.96  feet  in  1,304  feet.  The  greater  fall  was  measured  from  the  mrfM^^ 
the  water  in  the  old  mill-dam  at  the  head  of  the  shoal.  This  would  be  very  m«i 
reduced  by  taking  away  the  dam.  The  improvements  recommended  here  arc  1& 
llie  opening  of  the  channel  through  the  old  dam  next  to  the  right  bank.  9i  Tbr 
construction  of  a  wing-dam  below  the  shoal.  3d.  The  construction  of  a  winfcdaafi 
«ome  point  between  the  head  and  foot  of  shoal.  These  dams,  it  is  believed,  will  i^ 
late  the  current  and  give  sufficient  depth.  At  the  lower  shoal  the  river  is  divided  ^ 
a  small  island  into  two  channels.  The  closing  of  the  left-hand  channel  by  aiipa? 
dam  will  be  all  that  is  needed  here.  This  will  require  322  cnbic  yards  of  nclt& 
vation,  800  cubic  yards  wing-dam,  and  150  yards  riprap  dam.  Nine  miles  below  M- 
son's  Mill  is 

Swanaon'a  Shoal— The  river  here  is  700  feet  wide,  with  a  fall  of  1.T2  feet  in  lJSs<t 
The  obstacle  hero  is  caused  bv  reefis  which  require  deepening  in  places  1  f€M>t.  To  t^ 
this  the  removal  of  333  cubic  yards  of  rock  will  be  necessary.  About  8  miles  W" 
Swanson's  is 

Boykiti'a  Shoal— The  river  is  900  feet  wide,  the  channel  being  divided  by  small  W^ 
or  tow  heads.  There  is  0.87  foot  fall  in  495  feet.  All  that  is  needed  here  is  the  vi» 
ing  of  the  natural  channel  through  the  reef.  This  can  be  done  by  the  remo\'aM* 
cnoic  yards  of  rock.    The  next  shoal,  4  miles  below,  is  known  as 

ffuguWa  Shoal— The  river  varies  from  600  feet  to  1,300  feet,  the  channel  Vs 
divided  by  several  smfdl  islands  or  tow  heads.  A  dam,  with  a  lock  of  8  ftetl«'<* 
recommended  as  the  necessary  improvement  here.    One  mile  and  a  half  below  U 

PotVa  Shoal— The  fall  is  5.06  feet  in  3,635  feet,  but  as  the  channel  is  deep  and  stn^> 
it  is  believed  that  no  serious  difficulty  will  be  experienced  by  boats  passing  it  ]^ 
present  channel  should  be  cleaned  and  widened,  and  this  will  involve  the  remon!*' 
309  cubic  yards  of  rock.    Five  miles  below  is 

iVeat  Point  Shoala^  near  the  town  of  West  Point.  The  river  here  is  500  feet  w 
with  a  fall  of  1.78  feet  in  2,955  feet.  The  obstructions  here,  like  many  that  are  rtft" 
shoals  on  this  part  of  the  river,  consist  of  narrow  reefs  with  deep  water  betv"* 
them.  There  being  but  little  fall,  the  excavation  of  a  passage-way  sufficicntlr  d??f 
is  all  that  is  needed,  and  this  generally  can  be  effected  by  deei>ening  the  natmat  cfcc 
nel  1  foot.  In  the  present  instance  the  removal  of  333  cubic  yards  and  the  codsC. 
tion  of  300  yards  of  wing-dam  below  the  shoal  is  all  that  is  needed.  ,    , 

This  completes  the  shoals  and  obstructions  in  the  2d  Section,  which  yon  will  ts^ 

Estimate  sheet  No.  2  will  cost ^^oa'«j  «^ 

Add  to  this  20  per  cent,  for  contingencies g;,33l  <h 

and  wo  have 17i>.^  -* 

as  the  cost  of  the  proposed  improvement. 

8RCnOK  III 


embraces  that  portion  of  the  Chattahoochee  between  West  Point  and  Colnmbas*  a^ 
is  33  miles  long,  with  a  measured  fall  of  318.31  feet.  For  about  one-half  thiafflst we 
the  water  is  of  sufficient  depth  with  a  moderate  current,  there  being  deep  and  udoo- 
stmcted  pools  from  i  mile  to  4  miles.  The  river-bed  in  many  places  is  ^  ™  ' 
dotted  by  numerous  islands.    Between  these,  narrow,  and  sometimes  de^  cHann* 
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7hi(l  their  -way.  These  channels  over  two  of  the  longest  shoals  can  be  conyerted  into 
4-<>fntno<Uou8  canals  by  constructing  dams  between  the  islands  that  form  them,  thus 
making  a  continnons  channel  or  canal  in  which  locks  may  be  placed  at  proper  inter- 
valH.  There  is  an  abundance  of  the  best  material  at  hand  for  tlie  construction  of  such 
works  as  are  needed.    From  West  Point  to  what  is  known  as 

tl'illiam  TotUPs  Shoal^  a  distance  of  3  miles,  there  is  good  water,  with  the  exception 
of  one  narrow  reef.  Todd's  Shoal  is  650  feet  long,  witb  2  feet  at  low-water  in  mid- 
ohaunel,  and  reqnires  deepening  one  foot.  To  do  tnis,  1,444  cubic  yards  of  rock  must 
\w  rtMuoved.     From  this  shoal  to 

Jm-k  TodtPt  Shoal  is  about  1  mile,  the  water  being  good,  with  a  gentle  current. 
From  the  head  of  Jack  Todd's  Shoal  to  the  reef  below  HoHiton^s  Ferry  is  7i  miles,  with 
an  aggn'i^ate  fall  of  51.31  feet.  As  the  whole  distance  requires  work  of  some  descrin- 
ti(»ii,  it  will  he  considered  as  one  shoal.  The  river  here  varies  from  600  feet  to  ^  mile 
in  width,  the  channel  being  divided  by  numerous  islands.  The  banks  are  high  and 
fnnned  of  rock,  and  so  are  the  islands.  From  the  head  of  the  shoal  to  ChatUwoochee 
Fuctorjf  is  6,600  feet.  The  channel  here  follows  the  right  bank,  and  is  sufficiently 
tlvi^Pf  except  at  Todd's  Old  Gin  House,  where  there  is  a  reef  with  1  foot  at  low- water. 
A.  rhauuid  should  be  excavated  here  500  feet  long  and  2  feet  deep ;  2,400  feet  below 
thJH  is  another  reef  100  feet  long,  with  2  feet  at  low-water,  but  this  will  be  flooded  by 
t\w  pro])OHed  dam  at  the  factory.  From  this  point  to  the  factory  it  follows  the  right 
bank  through  the  pond  formed  by  the  factory-dam.  This  dam  is  200  feet  lon^,  and  is 
nearly  parallel  with  the  shore,  inclosing  about  ^  of  the  water-surface  of  the  nver.  It 
m  pn>}x>Re<l  to  raise  this  dam  2  feet,  and  extend  it  600  feet  by  a  dam  6  feet  high,  dos- 
tni;  it  by  a  lock  at  the  factory  9.23  feet  lift.  For  3,600  feet  below,  the  channel  follows 
ihf  rij^lit  bank  through  a  natural  canal  formed  by  islands.  This  channel  is  about  250 
tcet  wide,  and  is  sufficiently  deep,  except  at  two  points.  The  first  of  these  is  about 
IJHIO  feet  below  the  factory,  and  c<msi8ts  of  a  reef  25  feet  long  and  2  feet  deep.  It 
)f'<Ml.H  dfH'.peuiug  1  foot  by  the  removal  of  55  cubic  yanls  of  rocK.  The  second  reef  is 
^4tM)  feet  below  the  factory.  This  reef  is  100  feet  long,  and  2  feet  deep  :  the  removal 
»f  444  cubic  yards  will  deepen  it  sufficiently.  From  the  end  of  Island  No.  3  to  Tur- 
icv  Inland  there  is  a  shoal  1,000  feet  long  with  2  feet  of  water  on  it.  It  is  proposed  to 
;4)n4tnict  a  crib-dam  from  the  upper  end  of  Turkey  Island  to  the  head  of  this  shoal — 
MN)  feet  long  and  6  feet  high.  When  the  dam  at  the  factory  is  raised,  this  will  flood 
he  Hhoal  to  the  required  depth.  From  this  reef  to  the  Georgia  and  Alabama  Factory — 
..H(X)  feet — ^there  is  a  good  channel  formed  by  Turkey  Island  and  Campbell's  Island, 
rhis  is  about  200  feet  wide.  A  dam  100  feet  long  connects  these  islands.  This  dam 
hould  be  raised  2  feet.  The  dam  at  the  factory  should  also  be  raised  2  feet,  and  closed 
ly  n  lock  of  14  feet  lift. 

For  2,400  feet  below  the  factory  there  is  a  narrow  channel  formed  by  Hodgt^s  Island, 
i  <iiannel  must  be  excavated  here  4  feet  deep  and  60  feet  wide  and  2,000  feet  long, 
iiaking  17,777  cubic  yards  of  rock.  From  Hoage*s  Island  the  channel  follows  the  right 
»ank  to  the  lower  end  of  Johnson's  Island,  13,000  feet.  The  channel  here  varies  from 
^H)  fet^t  to  800  feet  wide,  with  water  sufficiently  deep,  except  at  the  reefs  named  be- 
r> w.  The  first  of  these  is  2,600  feet  below  Hodge's  Island.  This  reef  is  about  100  feet 
Dug,  2.3  feet  deep,  and  requires  the  removal  of  155  cubic  yards  of  rock.    The  next  is 

00  feet  below  this.  It  is  100  feet  long,  and  requires  an  average  deepening  of  30  inches, 
'he  removal  of  66  cubic  yards  of  rook  will  do  this.  Eighteen  hundred  feet  below 
his  there  is  a  succession  of  reefs  with  deep  water  between  them,  extending  for  800 
i>et .  The  channel  here  should  be  deepened  1  foot,  requiring  the  removal  of  li '77  cubic 
ards  of  rock.  Twenty -five  hundred  feet  below  this  there  is  another  reef,  100  feet 
>ng,  2  feet  deep,  and  requires  the  removal  of  222  cubic  yards  of  rock  to  five  it  the 
e<-e.ssary  depth.  Two  thousand  feet  further  there  is  another  reef,  100  feet  long,  1  foot 
eep,  and  requires  the  removal  of  444  cubic  vards  of  rock^  5,000  feet  below  this,  a 
am  670  feet  long,  with  lock  of  10  feet  lift,  will  flood  all  the  intervening  reefs  and  give 

«;ood  channel.'  This  dam  should  be  placed  about  100  feet  above  Souston^s  Ferry. 
Kigbt  hundred  feet  below  the  ferry  there  is  a  reef  200  feet  long  and  1.5  feet  deep, 
'hi^  removal  of  666  cubic  yards  of  rock  will  give  the  proper  depth. 
Below  this  reef  there  is  good  water  for  three  miles.     Here  there  is  a  Ml  of  fonr  feet 

1  1, 000  feet.  A  wing-dam  800  feet  long  placed  below  this  shoal  will  give  sufficient 
eptU. 

At  the  head  of  HargetVs  Island  the  right-hand  channel  should  be  closed  by  a  dam 
.(HM)  feet  long  and  6  feet  high,  so  as  to  concentrate  the  water  in  the  left-hand  channel, 
t  the  lower  end  of  Hargett's  Island  a  dam  300  feet  long,  with  a  lock  of  8  feet  lift,  will 
f  needed.  This  island  should  be  connected  with  Cool^s  Island  bv  a  dam  2,300  feet  long 
lid  averaging  8  feet  high.    This  would  make  a  continuous  canal  behind  these  islands. 

datn  Hhoukf  be  placed  in  this  passage  at  the  head  of  Cook's  Island  closed  by  a  lock 
2.70  fHtit  lift.  From  this  point  the  route  passes  between  Cook's  Island  and  the  left  bank, 
wo  thousand  and  four  hundred  feet  below  the  first  dam  there  should  be  another  dam 
HI  fviit  long,  with  lock  of  10  feet  lift.  Two  thousand  and  eight  hundred  feet  below 
lis  there  should  be  another  dam  200  feet  long,  with  lock  of  10  feet  lift.    Two  thou* 
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sand  and  two  linndi'ed  feet  below  tliiff,  a  dam  100  feet  long  connecting  Btmnd  hJani 
with  the  shore,  with  lock  of  10  feet  lift. 

Cook's  Island  shonld  be  connected  with  Round  Island  by  a  dam  300  feet  long  and  V* 
feet  high.  Nine  hundred  feet  below  Ronnd  Island  there  is  a  small  wooded  island. 
This  should  be  connected  with  Round  Island  by  a  dam  6  feet  high«  Jnat  below  tbe 
hea<l  of  this  island  a  dam  200  feet  long,  with  lock  of  K20  feet  lift,  will  be  needed. 

For  1,000  feet  below  this  lock  there  is  a  good  channel  100  feet  wide,  which  extends  t<> 
the  end  of  the  island.    The  route  then  enters  the  river,  which  is  1,300  feet  wide;  4,(M.» 
feet  below  this  it  suddenly  contracts  to  600  feet,  with  a  fall  of  15  feet  in  this  distaiM%. 
Here  a  dam  600 feet  long,  with  a  lock  of  15  feet  lift,  will  be  re<}uired.    Thirty-fiTe  hnn- 
dred  feet  below  this  a  dam  700  feet  long,  with  lock  of  16  feet  lift,  will  be  needed.   Tb> 
will  pond  the  water  to  HulVs  Sluice  No,  3,  giving  sufficient  depth.     For  5y200^fe«t  xl- 
river  now  is  1,100  feet  wide,  with  10  feet  fall.    A  dam  1,400  feet  long,  with  a  lock  of  1 
feet  lift,  will  pond  this.     From  this  point  for  a  half  mile  there  is  good  water.    Her 
TaU^s  Shoals  begin.    The  river  varies  from  700  feet  to  600  feet  in  width.     Thirty-fc. 
htmdred  feet  fi*nm  the  head  of  the  shoal  the  fall  is  10  feet,  and  here  a  dam  most  > 
placed  1,400  feet  long,  with  lock  of  10  feet  lift.    £ighte«'n  hundred  feet  below  thL«i 
second  dam  1,000  feet  long,  with  a  lock  of  12  feet  lift,  will  be  required.    These  t^^ 
dams  will  pond  this  shoal,  which  has  a  fall  of  22  feet  in  about  a  mile.     From  this  tVr 
about  one  mile  there  is  goo<l  water  to  Mulberry  Creek  Shoal,    The  river  here  is  l.i^* 
feet,  with  a  fall  of  30  Ket  in  two  miles.    This  shoal  will*  require  two   dams.  «sri 
1,000  feet  long,  with  locks  of  15  feet  lif^.    There  is  good  water  now  for  four  milt^ 
with  the  exception  of  one  reef  about  50  feet  long,  which  has  about  two  feet  water  « 
it ;  222  cubic  yards  of  excavation  will  give  the  sufficient  depth.    The  next  shoal  ^ 

"  Standing  Boy," — This  is  a  reef  1,000  feet  long,  with  2  feet  water  on  it.   The  mmmn 
of  2,000  cubic  yards  of  rock  will  give  the  proper  depth.    The  river  here  is  l,4'»  ^' 
wide.    From  ^*  Standing  Boy''  to  Columbus  Shoal,  or,  as  it  is  more  commonly  callr: 
Coweta  Falltif  there  is  about  i  mile  of  good  water.    Here,  in  a  distance  of  12,$W  f«Ff. 
we  have  a  fall  of  80  feet.    Thirty-six  hundred  feet  from  the  head  of  the  shoal  a  csl 
2,000  feet  long,  with  lock  of  16  feet  lift,  should  be  placed.     Below  this  dam  the  m^' 
is  1,800  feet  wide,  the  channel  being  divided  by  large  rock  islands.    The  best  chas^* 
will  be  found  near  the  right  bank ;  1,200  feet  below  the  first  dam  a  second  dam  s^v  - 
be  built,  400  feet  long,  with  lock  of  16-feet  lift.    This  dam  is  to  be  connected  witht^ 
first  fall  by  a  wing-dam  1,000  feet  long  and  14  feet  high ;  3,000  feet  below  thisatfer 
dam  will  be  necessaiy .    This  dam  will  be  1,560  feet  long,  with  lock  of  16  feet  lir 
1,600  feet  fix)m  this  the  fourth  dam  should  be  located.    This  dam  will  be  600  feet  he 
with  lock  of  16  feet  lift ;  3.500  feet  from  this  a  dam  600  feet  long,  with  lock  of  Kii-^ 
lift,  will  complete  the  work.    Four  thousand  two  hundred  feet  below  the  thirds 
there  is  a  mill-dam.    A  lock  of  7  feet  lift  should  be  placed  in  thia  dam.     Three  &r 
sand  seven  hundred  feet  from  this  is  the  dam  of  the 

Eagle  and  Phcenix  Manufacturing  Company, — A  lock  should  be  built  in  this  of  16?<-' 
lift.  Sixteen  hundred  feet  below  the  factory-dam  another  dam  will  be  needed  tom^ 
the  end  of  the  shoal ;  the  lock  here  would  have  a  lift  of  16  feet. 

This  brings  us  to  the  head  of  navigation,  the  surface  of  the  water  beins  239t>^ 
above  tide,  according  to  the  data  furnished  me  by  Col.  L.  P.  Grant,  chief  enginccf  £^ 

fsneral  superintendent  of  the  Western  Railroad, 
on  will  find  by  estimate  sheet  No.  3,  herewith  submitted,  that  the  coet  of 
the  work  completed,  with  dams  and  locks  of  the  size  and  character  de- 
scribed in  this  repox^:,  and  a  channel  60  feet  wide  and  3  feet  deep  at  ex- 
treme low-water,  will  be $635,  ott^ ' 

Engineering  and  contingencies,  30  per  cent,  added 190, 6@  ' 

Making  a  total  of &6^9:S^ 

No  estimates  could  be  made  for  excavating  look  chambers  and  approaches^  and  \h 
per  cent,  for  contingencies  was  therefore  largely  increased. 

We  have  for  improving  the  1st  section,  cost $339,671  T? 

We  have  for  improving  the  2d  section,  cost 170, 3S4  ^^ 

We  have  for  improving  the  3d  section,  cost. *. 8^2£  "^^ 

Total l.l^.Sfit'*' 

When  we  consider  the  number  of  people  to  be  benefited  by  this  improvement  a^^ 
the  important  interests  that  will  be  served  by  opening  the  river,  the  amount  se^Bsi.^ 
significant  compared  with  the  results  to  be  obtained. 

The  accompanying  maps,  plans,  and  tabular  statements  will  furnish  yon  the  neces- 
sary details. 

My  thanks  are  due  to  the  persons  employed  in  the  field,  including  Mr.  R.  M.  CU? 
ton,  Mr.  Henry  L.  Collier,  and  Mr.  Horace  Bradley. 
Very  respectfully,  your  obedient  servant, 

B.  W.  Froekl, 
Maj.  W.  R.  King,  Asttttant  £ufiwer. 

Corps  of  Engineers, 
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REPORT  OF  MR.   D.   L.  SUBLETT,  ASSISTANT  ENGINEER. 

Atlanta,  Ga.,  June  23,  1679. 

Siu:  I  have  the  honor  to  submit  herewith  my  report  on  the  examination  and  survey 
of  the  Chattahoochee  Kiver,  from  Thompson's  Bridge,  five  miles  from  Gainesville, 
HaJl  County,  to  Columbus,  Ga.,  the  present  head  of  steamboat  navigation. 

In  obedience  to  orders  received  from  M^j.  W.  R.  King,  United  States  Corps  of  Engi- 
neers, I  left  Chattanooga,  Tenn.,  December  26,  1878,  for  Atlanta,  and  reported  to  you 
the  same  day,  and  at  once  proceeded,  under  your  directions,  to  prepare  the  necessary 
outfit  and  organize  a  party.        •        •        • 

Estimates  were  required  to  be  made  on  the  basis  of  a  60-foot  channel  and  3  feet 
at  low- water. 

My  instructions  directed  that  soundings  be  taken  the  entire  route,  and  wherever  ob- 
Rtnictions  occurred  a  line  tagged  at  every  20  feet  was  to  be  stretched  and  soundings 
taken  every  100  feet  or  less,  as  the  nature  of  the  obstructions  required.  I  was  also 
directed  to  measure  the  velocity  of  the  current  at  each  shoal,  ascertain  the  volume  of 
water  at  favorable  points,  and,  when  practicable,  make  geological  sections.    •    *    • 

Owing  to  the  unprecedented  cold  weather  for  this  climate,  and  the  river  being  fino- 
zen  over,  active  field  operations  were  not  begun  until  January  8,  except  to  transfer 
theilevels  from  the  depot  at  Gainesville  to  Thompson's  Bridge,  starting  with  an  ele va- 
tion  of  1,222  feet  above  tide- water,  as  det«rminea  by  the  raim>ad  survey  for  this  point. 

Low-water  at  Thompson's  Bridge  was  ascertained  to  be  989.02  feet  above  tide. 

Several  of  the  railroads  entering  Atlanta  either  cross  or  approach  near  the  Chatta- 
hoochee, and  as  their  profiles  are  all  based  on  the  elevation  of  Atlanta,  which  is  1,050 
feet,  thiH  furnished  a  convenient  means  of  ascertaining  the  inclination  of  the  riVor  be- 
tween the  limits  of  this  survey,  as  well  as  other  important  points  along  the  route. 
The  distances  were  obtained  by  actual  measurements  and  by  land  lots,  and  are  be- 
lieved to  be  approximately  correct.  The  survey  was  begun  at  an  unfavorable  season 
to  procure  accurate  data,  owing  to  frequent  rises  this  time  of  the  year.  On  the  break- 
ing up  of  the  freeze  the  river  rose  14  feet  in  twelve  hours  at  Thompson's  Bridge,  and 
feu  in  twenty-four  hours  sufllcient  to  admit  of  beginning  the  survey.         •         •        • 

llie  survey  reached  West  Point,  106  miles  from  the  Vetera  and  Atlantic  Railroad 
Bridge,  by  April  10,  and  from  thence  was  pushed  on  to  Columbus.    *    *    * 

Between  these  points  it  was  not  of  such  a  detailed  nature  as  to  admit  of  making  ac- 
curate estimates,  but  was  conducted  more  with  a  view  to  aid  in  future  examinations. 
•        •        » 

The  survey  having  been  completed  to  the  head  of  steamboat  navigation  at  Colum- 
bus, I  returned  with  my  party  to  Atlanta  on  the  6th  of  May. 

gknkral  description. 

From  Thompson's  Bridge,  where  the  survey  began,  the  Chattahoochee  flows  in  a  gen> 
eral  southwest  course  along  a  narrow  valley  that  marks  the  metamorphic  formation, 
until,  reaching  West  Point,  it  turns  a  little  southeast  and  forces  a  passage  through  the 
Chattahoochee  Ridge  at  Pine  Mountain,  and  by  a  continuous  series  of  rapid  falls  over 
granite  ledges  it  enters  the  Post-tertiary  formation  at  ColumbuB,  the  present  head  of 
steamboat  navigation,  and  is  then  navigable  for  400  miles  to  Apalachicola  for 
Hteamers  of  130  feet  length,  35  feet  width,  drawing  from  2^  to  3  feet  of  water,  with  a 
capacity  of  from  450  to  750  bales  of  cotton.  The  topographical  features  do  not  greatly 
vary  from  Tliompsou's  to  West  Point,  and  present  remarkably  favorable  features  to 
])ermanent  improvement.  Where  no  obstructions  occur  the  river  presents  a  beautiful 
api>earauce,  a  gentle  current,  banks  uniform  and  high,  well  protected  by  aquatic  trees, 
Huch  as  willow,  reed,  birch,  &c.  Wherever  the  hiUs  recede  from  the  river  they  give 
place  to  bottom  landA  which  are  in  a  high  state  of  cultivation ;  when  the  hills  approach 
on  one  side  or  both,  they  generally  brinp^  bars  and  ledges  composed  of  granite,  gneiss, 
quartzite,  dolorite,  and  other  stones,  which,  barring  the  passage  of  the  water,  the  river 
cuta  out  a  channel  on  the  weaker  side,  widening  its  bed  and  reducing  the  depth  of 
water.  As  soon  as  the  obstructions  are  overcome  the  river  assumes  its  natural  width. 
The  water  is  generally  sufficiently  deep  above  and  below  the  bars  or  ledges.  Where 
these  obstructions  occur  many  islands  are  sometimes  formed,  with  several  channels; 
these  islands  vary  in  size  from  the  small  *'  tow-head"  to  700  or  800  acres,  and  are  fre- 
(lueiitly  covered  with  original  forest,  and  generally  present  favorable  features  for  Im- 
lirovement.  Sometimes  the  river  is  hill-bound  on  both  sides  with  perpendicular  rock 
<'liffH,  as  is  the  case  between  Roswell  and  Atlanta,  and  the  fall  is  very  great,  current 
rapid,  and  channel  filled  with  projecting  rock,  and  the  river  alternately  expands  and 
contracts  to  unusual  dimensions.  From  Thompson's  Bridge  to  Western  and  Atlantic 
l^ilroad  Bridge,  a  distance  of  73  miles,  there  is  a  fall  of  227  feet.  There  is  in  this 
distance  about  35  mileftof  good  water,  free  from  obstructions,  varying  in  depth  from 
2i  to  10  feet ;  at  low-water,  width  of  river  from  200  to  350  feet.* 

*From  Thompson's  to  a  point  opposite  Sewanee  there  is  more  or  less  interfering  rook, 
even  where  the  water  is  deep,  as  the  bed  of  the  river  is  composed  of  an  irregular 
p'anite  bottom  with  projecting  points  approaching  near  the  surface.  From  Roswell  to 
the  Western  and  Atlantic  Railroad  Briage,  a  distance  of  17^  miles,  the  fall  is  100  feet. 
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On  reaching  the  Western  and  Atlantic  Railroad  Bridge  the  hills  disappear,  and  give 
place  to  wide,  fertile  bottoms ;  the  river  has  a  uniform  width  of  250  to  300  feet,  witli 
moderately  rapid  current,  and  no  very  serious  obstacles  until  reaching  Campbellton, 
a  distance  of  22  miles. 

Ledges  cross  the  river  at  every  few  miles,  but  from  2  to  3  feet  water  can  genetalW 
1»e  obtained;  the  banks  are  high,  even,  and  well  protected,  and  there  is  only  one  island. 
After  leaving  Campbellton  the  country  becomes  more  broken,  and  afterpassing  Cowet^t 
County  line,  a  distauce  of  about  43  mileb  from  the  Western  and  Atlantic  Kailroad  Brid«:»'. 
shoals  become  frequent,  and  to  West  Point  there  are  numerous  islands  and  cbannel>. 
and  many  streams  enter,  sreatly  increasing  the  volume  of  water,  which  waA  ascertainr*! 
to  be  approximately  3,oSo  cubic  feet  per  mile  at  ordinary  low- water  in  Heard  Counts 
land  lot  344. 

In  Troup  and  Heard  counties  there  are  4  mill-dams,  3  of  which  entirely  ctosk  tli* 
river,  with  lifts  of  3  to  7  feet,  some  of  which  can  be  utilized  in  improving  the  riv-r. 
From  Iceville  to  West  Point,  a  distance  of  108  miles,  the  fall  is  162  feet,  or  about !? 
fnet  per  mile  ;  the  greatest  fall  being  in  Heard  and  Troup  counties,  where  the  countn 
is  much  broken.    There  is  one  mill-dam  (Brown's^  in  Hall  County,  of  7  feet  lift. 

Five  miles  below  West  Point,  at  the  Chattahoocnee  Cotton  Mills,  there  is  a  dam  ]la^ 
tially  across  the  river,  and  about  3  miles  below  this  factory  is  the  Georgia  and  Ala- 
bama Cotton  Factory,  and  two  dams  across  the  right  channel,  formed  by  Turke/u^l 
Campbeirs  islands.  From  this  point  to  Columbus  there  is  a  series  of  continued  a»i 
rapid  falls ;  the  river  is  a  mass  of  projeoting  rock,  with  hundreds  of  islands  and  cbie- 
nels,  and  varying  in  width  from  a  quarter  to  a  mile  wide ;  the  fall  averages  11  feet  per 
mile,  and  is  3G2  feet  in  34  miles ;  the  river  sometimes  contracts  to  unusual  dimenaoof. 
and  is  then  inclosed  by  solid  rock  walls ;  near  Clapp's  Factory,  in  a  distance  of  a  qui- 
ter  of  a  mile,  it  contracts  from  a  width  of  half  a  mile  to  90  feet ;  the  entire  volmii«  •!' 
water  passes  through  this  space  for  one-half  mile,  and  has  a  fall  of  25  feet  in  300  Ufi, 
and  about  120  feet  in  five  miles. 

I  do  not  consider  that  this  section  of  the  river  can  be  improved  to  advantage.  Oinsf 
as  has  been  said,  to  the  limited  amount  of  available  fimds,  the  survey  wa^  not  of^^ 
a  nature  as  to  recommend  any  expenditure  on  this  portion  of  the  river,  except  a»  or 
as  the  Chattahoochee  Factory,  5  miles  below  West  roint. 

From  Thompson's  to  West  Point  the  river  flows  over  a  solid  rock  bed ;  then  > 
almost  an  entire  absence  of  sand  and  gravel  bars ;  timber  and  stone  are  everywb^ 
abundant.  Within  the  limits  of  this  survey  the  Cnattahoochee  flows  through  fillet 
of  the  most  productive  counties  in  Georgia,  which,  with  the  counties  in  Alabama,  k- 
Joinin^  the  river,  gives  an  aggregate  population  of  over  300,000  persona  directly  ins 
est/cdm  the  opening  of  the  nver  above  West  Point. 

The  follownig  is  a  statement  of  agricultural  and  other  resources  of  the  eoar** 
through  which  the  Chattahoochee  flows,  with  the  acreage  of  improved  and  nnimpiv*^ 
lands,  with  their  value,  taken  from  the  last  census  reports  and  from  th«  Stat«  tm 
itor^s  report  for  1877 : 

Number  of  acres  of  improved  land • 2,988.1'' 

Value  of  acres  of  improved  land $14, 429.  S^ 

Number  of  acres  of  unimproved  land 255t«* 

Value  of  acres  of  unimproved  land fllll* 

Capital  invested  in  cotton  factories fl,76(*.T^ 

Aggregate  value  of  all  property $49,6iSiiV 

There  are  12  cotton  factories,  with  H0,000  spindles;  242  grain-mills,  134  saw-milk.! 
foundry,  21  tanneries,  9  canling  machines,  1  pottery,  mostly  situated  on  the  Chatu- 
hoochee  or  its  tributaries.  The  unimproved  lands  consist  mostly  of  original  fui«st  of 
choice  timber.  This  does  not  include  the  counties  in  Alabama  on  the  line  of  the  Cbif- 
tahoochee. 

Agricultural  productions,  as  shown  by  the  census  report  of  1870,  is  aa  follows,  rii : 

Value  of  all  fann  products f9,612.3r 

Value  of  live  stock 13.645.1*-' 

Number  of  basliols  of  wheat 443,  €?* 

Number  of  bushels  of  com 2, 36i^.  5?? 

Number  of  bashels  of  oats 250.  iW 

Bales  of  cotton t^C*"* 

Pounds  of  wool 64. -^H^ 

Bushels  of  Irish  potatoes 2J^,i74 

Bushels  of  sweet  potatoes SSV.'^l 

Pounds  of  butter 744.0X1 

GEOLOGICAL  AND  MINERAL  RESOURCES. 

Its  geological  features  are  entirely  metamorphic ;  granite,  gneiss,  mica,  schist,  trap 
and  flexible  sandstone  are  the  principal  rocks.     Gold,  asbestos,  copper,  mica,  graph- 
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ite,  irou  ore,  and  other  valuable  minerals  abound.  Gold  is  extensively  mined,  and  a 
large  amount  of  capital  is  invested  in  this  industry.  Asbestos  and  copper  are  also 
mined.  Timber  consists  of  white  oak,  hickory,  chestnut,  poplar,  long-leaf  pine,  and 
iiiany  other  varieties,  and  the  supply  is  almost  inexhaustible,  especiaUy  of  the  latter. 
At  most  of  the  shoals,  especially  above  Atlanta,  gold  is  washed  in  the  dull  season  by 
the  farmers,  who  realize  from  |1  to  (2  per  day  by  the  pan  process. 

PLAN  OF  IMPROVEMENT. 

The  improvement  will  consist  in  excavating  a  channel  through  the  ledges  and  bars- 
and  removal  of  isolated  and  projecting  rocks  that  interfere  with  navigation,  and  tho 
buildinff  of  jetty-dams,  to  contract  the  channel  to  its  normal  width  where  it  hai»- 
widenea,  and  the  erection  of  locks  and  dams  where  the  fall  is  too  great  to  be  over- 
come by  open-channel  navigation. 

Estimates  are  made  for  crib-dams  with  width  equal  to  height;  locks  150  by  35  feet. 
Estimates  are  made  for  part  masonry  and  part  crib-work.  The  accompanying  mapa 
and  tables  will  show  the  location  and  estimated  cost  at  each  shoal. 

The  following  table,  No.  1,  shows  the  oscillations  of  the  river  from  Thompson's  to 
Columbus,  velocity  of  current,  volume  of  water,  and  height  of  bridges  above  low- 
water  at  important  points.    Owing  to  the  fact  that  the  .Chattahoochee  is  fed  entirely 
by  living  streams,  the  difference  between  summer  and  winter  low- tide  does  not  greatly 
vary.    The  valley  drained  by  the  Chattahoochee  averap^es  about  70  miles  wide,  and 
tlie  fall  is  about  10  feet  per  mile.    The  streams  entering  it  are  short,  and,  iiowing  from 
living  springs,  furnish  unlimited  power,  which  the  people  are  not  slow  to  utilize 
where  an  access  to  market  can  be  obtained.    It  is  believed  that  the  opening  of  the 
river  above  West  Point  will  give  a  great  impetus  to  the  buildujg  of  cotton  factories, 
which  has  already  added  so  much  to  the  prosperity  and  wealth  of  West  Point  and  Co- 
lumbus.   The  people  along  this  section  are  urgent  in  their  demands  to  have  the  river 
(»pened  to  navigation.    The  future,  with  a  more  careful  survey,  will  determine  as  re- 
gards tho  river  below  West  Point.    The  nature  of  the  river  bed,  the  absence  of  sand 
and  gravel  bars  to  any  great  extent,  the  solid  character  of  its  banks,  and  with  no 
large  tributaries  to  bring  down  drift,  and  being  free  from  ice  in  winter,  are  important 
features  as  regnnls  the  )>ermaneucy  of  the  improvement.    Owing  to  the  solid  nature  ot* 
the  river  bed,  the  cost  of  foundations  will  be  greatly  reduced,  and  this  item  of  cost  cau 
fre4]ueiitly  be  entirely  dispensed  with;  also  aprons  for  wing  and  jetty  dams,  as  expe- 
rience has  shown  that  fish-dams  built  of  loose  stones  gathered  from  the  adiacent  farma 
have  stood  intact  for  many  years.    The  stone  varies  in  degrees  of  hardness  from  a 
vloHO-texturod  granite  to  a  coarse  micaceous  gneiss;  owing  to  its  frequent  shelving 
nature,  cau  generally  be  easily  removed.    Much  of  the  stone  is  loose  rock  fallen  from 
the  adjacent  bluffs.    The  water  is  sufficiently  deep  in  many  places  to  allow  the  rock 
to  remain  in  the  river  after  being  broken  off.    Bateaux  carr^'ing  70  bales  of  cotton  have 
been  run  from  Franklin  to  West  Point;  no  other  boats  have  ever  navigated  this  river 
aliove  Columbus.    The  section  of  the  river  between  Thompson's  and  Atlanta,  a  dis- 
tance of  73  miles,  will  require  the  construction  of  12  locks  and  dams,  with  an  aver- 
age lift  of  12  feet,  seven  of  which  will  be  between  Atlanta  and  Roswell.    The  section 
from  Iceville  or  Western  and  Atlantic  Railroad  Bridge  to  West  Point,  a  distance  of  108 
milcH,  can  be  economically  anil  permanently  improved  at  a  very  moderate  cost  com- 
pared with  the  benefits  that  w^ill  result,  and  will  open  up  a  vefy  large  section  now  en- 
tirely cut  off  from  market  facilities.    Many  of  the  farmers,  being  unable  to  procure  a 
market  for  their  grain  production,  have  been  engaged  in  illicit  oistilling,  and  the  ex- 
peiiae  to  the  government  in  putting  down  this  nefarious  traffic  would  go  far  towards 
improving  the  river  and  making  good  citizens  of  those  who  are  now  engaged  in  vio- 
lating the  laws.    Four  locks  and  dams  will  be  required  on  this  portion  of  tho  river, 
but  two  of  the  dams  already  constructed  can  be  utilized  by  slight  repairs  and  the 
coat  greatly  lessened.    In  conclusion,  I  would  state  that  I  think  it  will  be  necessary  to 
have  a  channel  at  least  100  feet  wide.    Estimates  having  been  made  under  your  direc- 
tions, Done  accompany  this  rei>ort. 

Very  respectfully,  your  obedient  servant, 

D.    L.   SUBLETT, 

AesUtaHt  Engineer^ 
Mr.  B.  W.  Frobel, 

Asnstant  Engineer, 
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REPORT  OF  MAJOR  G,  WEITZEL,  CORPS  OF  EXGIXEERS,  BVT.  MA  J.  GEN. 
V.  S,  A.,.  OFFICER  IN  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30,  lanO,  WITH  OTHER  DOCUMENTS  RELATING  TO  THE  WORKS, 


United  States  Engineer  Office, 

Detroit^  Mioh.y  July  13, 1880. 

General:  I  have  the  bonor  to  transmit  herewith  the  annual  reports 
i^elating  to  the  river  and  harbor  improvements  under  my  charge,  for  the 
fiscal  year  ending  June  30, 1880. 

Very  respectfully,  your  obedient  servant, 

G.  Weitzel, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8.  A. 


W  I. 

IMPROVEMENT  OF  THE  FALLS  OF  THE  OHIO  RIVER. 

The  past  year  was  quite  favorable  for  the  prosecution  of  this  work, 
and  a  great  deal  of  useful  work  was  done. 

The  water  became  low  in  July,  and  then  again  in  September,  and  re- 
inaiued  so  until  November  17, 1879. 

All  the  fixed  portions  of  the  dam  at  the  head  of  the  falls  were  com- 
pleted, and  the  i)ortions  of  it  and  of  the  apron-dam  at  the  head  of  the 
canal,  which  had  been  previously  built,  placed  in  complete  repair.  The 
foundation  and  abutments  for  the  movable  dam  in  the  middle  chute 
were  completed,  the  boat  for  the  storage  of  wickets,  &c.,  was  built,  the 
movable  dam  itself  was  set  up,  fitted,  and  nearly  completed  at  the  canal- 
shops,  and  considerable  work  was  done  in  blasting  out  dangerous  ob- 
structions in  the  Indiana  Chute. 

The  opening  left  in  the  crossdam  at  the  head  of  the  falls  in  the  Indiana 
i  )hute  is  GOO  feet  long.  The  length  of  this  dam  from  this  opening  to  the 
Indiana  shore  is  210  feet,  and  to  the  apron-dam  at  the  head  of  the  canal 
on  the  Kentucky  side  is  2,532  feet.  The  opening  in  the  middle  chute, 
j  II  M'bich  the  movable  dam  will  be  placed,  is  300  feet  long. 
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The  original  estimate  for  this  work  was  $1,243,500.  Tbere  hai5  been 
allotted  and  appropriated  for  it  as  follows: 

1«6«  allotted I-nO^i-' 

1869,  allotted i:!l,*»' 

1870,  appropriated 4'»\«0« 

1H71,  appropriated ^.("i) 

1872,  appropriated « 300,*' 

1873,  appropriated IM),(I> 

le75,  appropriated W,'" 

Total 1,463,?- 

Of  this  amount  $1,448,838.50  has  been  ex|)ended. 

The  reasons  for  the  exceeding  of  the  original  estimate  for  this  wi»il 
have  been  given  in  previous  reports. 

Doling  the  present  year,  if  the  stages  of  water  will  permit,  it  is  i»P' 
posed  to  place  the  movable  dam  in  position,  and  with  whatever  fooii^ 
remain  on  hand  to  continue  the  removal  of  some  of  the  worst  obstro* 
tions  in  the  Indiana  Chute. 

A  thorough  improvement  of  this  chute  would  require  the  removal  i 
about  26,000  cubic  yards  of  rock,  at  a  probable  cost  of  $110,000. 

Mr.  Philip  J.  Schopp,  assistant  engineer,  has  been  in  local  char^ 
the  work  since  the  deatli  of  Capt.  A.  N.  Lee,  Cori)s  of  Engineers,  Oii 
ber  31, 1879. 

The  work  is  located  in  the  third  collection  district  of  Kentucky.     The  nearest  K 
of  entry  is  LouisYille,  Ky. 
.    The  amoaut  of  revenue  collected  at  this  port  during  the  fiscal  year  was  |60,lil^ 

The  commerce  and  navigation  of  the  Mississippi  l^ivex  and  all  > 
branches  will  be  benefited  by  the  completion  of  this  work. 

Money  statement, 

July  1,  1879,  amount  available ♦iS.HS'* 

July  1,  1880,  amount  expended  during  fiscal  year 2ii,^4 

July  1,  1880,  amount  available 14,39* 


»-. 


t- 


W2. 

SUPERINTENDENCE,  MANAGEMENT,   AND   REPAIR   OF   THE    LOUISVlUi 

AND  PORTLAND  CANAL. 

During  the  past  year  the  canal  was  open  two  hundred  and  ninety  ofi» 
days.  It  was  closed  sixteen  days  for  repairs  and  fifty -seven  days  b} 
high-water. 

The  receipts  during  the  year  amounted  to  $55,588.22,  and  the  ex{)eQdi 
tures  to  $77,106.53.  Of  the  latter  the  sum  of  $44,292.61  was  expeod«^ 
on  superintendence,  management,  and  ordinary  repair,  and  $32,003.0' 
on  permanent  repairs.    The  cash  on  hand  July  1, 1880,  was  $29,496,^ 

By  act  of  Congress  approved  May  18, 1880,  this  canal  was  laade  fttt 
from  tolls  after  midnight  July  1, 1880. 

By  a  clause  in  the  river  and  harbor  act  approved  June  14, 1880^  tbe 
balance  on  hand,  after  payment  of  any  existing  liabilities,  collected  here* 
tofore  as  tolls  on  the  Louisville  and  Portland  Canal,  <h*  whidi  may  bere 
after  be  so  collected  prior  to  the  passage  of  an  act  to  make  said  canal  free 
to  the  public,  is  hereby  authorized  to  be  expended  for  its  improvenieBt« 
X)rovided  such  exi)enditure  shall  not  exceed  $60,000. 
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I  presume  that  this  means  that  all  of  the  money  on  hand  at  midnight 
on  July  1, 1880,  after  payment  of  any  existing  liability,  if  not  in  excess 
of  $60,000,  may  be  expended  on  the  improvement  of  the  canal. 

1  lirill  therefore  place  the  balance  on  hand  at  midnight  June  30, 1880, 
f .  e,j  $29,496.05,  togetlier  with  the  tolls  that  may  be  collected  on  July  1, 
1880,  to  the  credit  of  the  improvement  of  the  canal. 

The  law  makes  no  provision  for  the  moneys  derived  from  the  four 
other  sources  of  revenue ;  i.  c,  use  of  dry  dock,  towing,  dredging,  and 
use  of  st«am-pump. 

I  will,  therefore,  until  further  orders,  simply  deposit  these  sums  to  the 
credit  of  the  canal,  but  not  expend  them  until  I  receive  further  instruc- 
tions. 

A  great  deal  of  useful  and  important  work  was  done  on  the  canal 
<luring  the  year,  as  the  large  sum  ($32,003.07)  expended  on  permanent 
repairs  indicates. 

Five  additional  engines  for  operating  the  gates  were  purchased  and 
iwe  now  being  placed  in  position ;  extensive  progress  has  been  made 
in  the  reconstruction  of  the  middle  gates ;  the  grading,  paving,  and 
sodding  of  the  slopes  on  the  sides  of  the  locks  completed ;  new  winding 
machinery  attached  to  the  upper  gates;  the  change  made  in  the  old 
locks  from  three  to  two  chambers  and  the  new  gates  therefor  have  been 
roinj)leted;  and  numerous  sliglit  rex)airs  made  on  the  lock  machinery  and 
the  plant  for  operating  the  canal. 

3  )uring  the  i)resent  year  it  is  intended,  under  authority  already  grant^ed, 
to  complete  the  reconstniction  of  the  middle  gates  of  the  new  locks,  to 
rebuild  the  lower  gates,  to  reconstruct  the  suspension  apparatus  for  all 
the  gates,  to  place  the  remaining  engines  for  operating  the  gates  in 
I»osition,  to  construct  new  gates  for  dry -dock,  and  bnild  a  new  hull  for 
dredge  No.  1. 

The  estimated  cost  of  these  permanent  repairs  is  about  $21,000. 
The  middle  gates  are  both  operated  by  engines.    The  latter  open  them 
ill  .'3i  minutes,  when  it  formerly  required  from  15  to  20  minutes.    As 
soon  as  all  the  engines  are  in  place  a  reduction  of  ten  lock-hands  will 
be  made. 

It  is  estimated  that  the  expenditure  for  operating  and  keeping  the 
ranal  in  ordinary  repair  will  be  about  $42,000,  which,  nnder  the  law, 
must  now  be  drawn  from  the  Treasury. 

u^fter  the  permanent  repairs  contemplated  during  the  present  year 
are  made,  there  will  still  remain  a  balance  of  the  amount  collected  from 
rolls  and  placed  to  the  credit  of  the  canal. 

It  is  proposed  to  expend  this  sum  during  the  fiscal  year  ending  June 
30,  1882,  in  building  new  upper  gates  for  the  new  locks,  for  permanent 
u limine  houses  at  the  locks,  and  for  new  upper  gates  at  the  old  locks. 

It  is  estimated  that  the  sum  necessary  for  operating  and  keeping  the 
nanal  in  ordinary  repair  during  the  fiscal  year  ending  June  30, 1882, 
will  be  about  $40,500. 

i3€sides  the  miscellaneous  freight  on  passenger  and  freight  boats, 
r  here  passed  through  the  canal  during  the  year  13,592,000  bushels  of 
•oiil,  120,332  barrels  of  salt,  and  36,305  tons  of  iron  ore. 

Xlie  total  receipts  on  this  ciinal  from  June  11, 1874,  to  June  30,  1880, 
luring  which  i)eriod  the  government  has  had  charge  of  it,  amount  to 
?  41  €1,310.67,  and  the  expenditures  to  $386,814.02,  leaving  the  balance  of 
!« 20,496.05. 

Tlie.  expend  it  ures  include  about  $120,000  for  permanent  repairs. 
1 II  conclusion,  I  desire  to  commend  Mr.  Philip  J.  Schopp,  who  is  in 
4  »rml  charge  of  the  work,  and  his  assistants  for  the  faithful  manner  in 
\  bich  they  have  conducted  the  work. 
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Finandal  statement  for  fiaoal  if  ear  ending  June  30,  1880. 


Depoaita. 


Months. 


Jnly 

Aneust  — 
September. 
October — 
November 
December  . 


January . 
February 
March . . . 

April 

Miy 

June 


1879. 


1880. 


Amonnta. 


$3,097  70 
5.636  16 
3,888  49 
726  52 
4,063  74 
7, 817  03 


4,722  66 
4. 279  51 
8, 767  42 
5, 526  50 
4,227  80 
7. 836  10 


Total I    55,688  22 


Expenditarea. 


Montha. 


1879. 

July fl.M  » 

Auguat 49Sr. 

Seplember '  7,UES4 

October ,  8.897  4T 

November I  18.6M9 

December 9.97!  HI 


January  . 
February 
March  . . . 
April.... 

May 

June 


1880. 


7.S3I4I' 

578C 

7,8ntl 

3.97^3 


ToUl '  77.l«3 


Caah  on  band  June  30,  1880,  $29,496.65. 


Financial  statement  for  fieoal  year  ending  June  30,  1880. 


Beoelpta. 


How  derived. 


ToDa 

Benta. 

Dry-dock .. 
Towage.... 
Dred^njc . . 

Total 


Amount. 


$55,081  97 

166  25 

172  50 

107  50 

60  00 


55,588  22 


£xpen«<^a. 


How  expended. 


Lockage  department ^f?  ^ 

Dredge  department 

Improvementa 


Total 77.1*^ 


Detailed  statement  of  expenditures  for  snverintendeuoe,  management^  and  repairs  L^ui»ri*\ 
and  Portland  Canal  for  tie  fiscal  gear  ending  June  30,  1880. 


Date. 


1879. 

Tnly 

Auguat 

September.. 

October 

November . . 
December  .. 


1880. 
January.... 
February . . . 

March 

April 

May 


2,801  35 
2,371  6H 
2,800  80 
2,343  34 
2,305  42 
June t  2,490  15 


$2,325  00 

$353  22 

2,325  00 

125  28 

2,825  00 

230  68 

2,325  00 

480  29 

2,350  00 

118  55 

2,566  24 

237  80 

I 


130  10 
1;V2  51 
127  73 
112  31 
163  50 
100  18 


$2.678  22 
2,450  28 
2,555  68 
2,805  29 
2,468  55 
2,804  04 


2,431  45 
2. 524  19 
2,428  53 
2,455  65 
2,468  92 
2,509  33 


Dredge  department. 


S 
§ 


1 

Purchaaea 
and  re- 
pairs. 

Total. 

i 

1 

$835  00 

$1, 057  24 

$1.892  24  $3.209  34 

899  65 

290  24 

1, 189  89 

6,431  60 

835  00 

134  78 

909  78  . 

2.688  48 

845  67 

18  21 

863  88 

10,465  78 

835  00 

179  70 

1, 014  70 

1,873  25 

835  00 

165  50 

1.000  60 

5,323  39 

835  00 

376  86 

1.211  86 

367  10 

845  66 

282  29 

1,127  95 

370  73 

835  00 

220  31 

1.056  31 

917  44 

858  00 

309  38 

1,167  88 

498  76 

891  34 

67  08 

958  42 

248  48 

845  87 

324  70 

3, 179  57 

424  »7 

f7.77>  • 
19.  «n  - 

€.213»« 
14. 134  V 

5,JS6  :« 


4.010  41 

4,oe*  •- 

4^401  > 
4,11«T» 
8.675  *J 
4.194  47 


Total 28,337  98  I  2.332  15  30,670  13  '10,196  19  ,  3,426  29  !13.6S2  48  32,813  01     77. 1«6  ;. 
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Detailed  statement  of  veseele  paeeed  through  Louisville  and  Portland  Canal  during  the  fiscal 

year  ending  June  30,  1880. 


I>at«. 


1870. 


July 

An$[fuit 

September 
October  ... 
Koyember. 
December. 


JamiBry. . 
February 
Mtfcb... 
April 

Jvne 


1880. 


,      Passenger 
boats. 


No. 


125 
85 
85 
40 
62 
91 


40 
51 
27 
67 
88 
02 


Total I    862 


Under 
tomuige. 


84.680 
24,016 
30, 218 
8,079 
10,184 
37,040 


28.287 
25,200 
11.678 
82,611 
40,672 
40,267 


328, 751 


Tow-boats.        Model  barges. 


No. 


8 
24 
12 

1 

15 
20 


17 
21 
12 
24 
34 
47 


235 


Under 
tonnage. 


2,396 
3,725 
2,151 
3,333 
4,873 
7,414 


38,822 


No. 


34 

56 
18 
40 
55 
58 




*— t^- 

040 

27 

4.500 

45 

2,113 

80 

70 

2 

3.294 

20 

3,014 

26 

Under 
tonnage. 


6,060 
12,417 
7,525 
343 
5476 
7,490 


0,856 
14.084 

4,845 
11, 413 
13,710 
15,401 


411  j    107,928 


Square  barges. 


No. 


jMeasured 
capacity. 


51 

234 

79 

15 

104 

251 


7,756 
58,205 
18,512 

1.626 
48,159 
80,501 


^ 


a 

a 

73 


3» 
29 
42 
56 
72 
47 


201 

58.683 

12 

138 

40,230 

8 

1.52 

47,008 

22 

185 

51,258 

32 

88 

21.033 

31 

206 

58,318 

27 

1,794 

491, 379 

416 

WORK  OF  DREDGING  DEPARTMBNT  AND  CXPRNDITURR8  ON  IT  FOR  THE  FISCAL  YEAR 

ENDING  JUNE  30,    1880. 

Dre<lgiiig days..  144^ 

Time  lost : 

By  high-water do....  57 

By  employmeDt  on  the  improvemeiit  of  the  falls  and  old  locks do 85 

By  Sundays  and  national  holidays do 58 

By  assisting  lock-hands  other  labor do 2H 

Work: 

Cubic  yards  excavated  during  the  year 60,934 

Cubic  yards  excavated  per  working  day 421,688 

Salaries: 

For  the  year $10,196  19 

Per  day 3:^,104  OO 

Repairs : 

For  the  year 2,764  40 

Per  day 8,975  00 

Total: 

For  dredjpng  only 6,080  53 

Per  working-day  of  actual  dredging 42  08 

Per  cubic  yard  excavated .099 


supbrintendence,  management,  and  repair  of  the  louisville 
and  portland  canal  for  the  year  ending  december  31, 1879. 

War  Department, 
Washington  City,  January  16, 1880. 

The  Secretary  of  War  has  the  honor  to  transmit  to  the  United  States 
Senate,  for  the  information  of  the  Committee  on  Commerce,  a  copy  of 
report  of  Maj.  Grodfrey  Weitzel,  of  the  Corps  of  Engineers,  on  the 
Huperintendence,  management,  and  repair  of  the  Lonisville  and  Port- 
land Canal  for  the  year  ending  December  31, 1879,  with  letter  of  the 
Chief  of  Engineers  submitting  the  same. 
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The  report  is  approved ;  and  in  accordance  with  the  provisioBs  of 
section  3  of  the  act  of  Congress  of  May  11, 1874  fl8  Stat.,  p.  44),  the 
rates  of  toll  existing  daring  the  year  1879,  as  statea  in  the  letto'oftk 
Chief  of  Engineers,  are  declared  and  fixed  as  the  charges  to  be  collected 
for  the  cnrrent  calendar  year. 
Respectfully  submitted. 

Alex.  Bamsey, 
Secretary  of  War. 

The  rRESIDENT 

of  the  United  States  Senate. 


letter  of  the  chief  of  engineers. 

Office  of  thk  Chief  of  Engineers, 

WashingUmy  D.  0.,  January  12, 188a 

Sir  :  To  comply  with  the  requirements  of  section  3  of  the  act  of  Msj 
11, 1874,  providing  for  the  payment  or  the  bonds  of  the  LonisTilleU'l 
Portland  Canal  Company  (Statutes  at  Large,  vol.  18,  part  3,  jts^p^- 
I  have  the  honor  to  submit  herewith  copies  of  the  report  of  Maj.  M 
irey  Weitzel,  Corps  of  Engineers,  on  the  superintendence,  managemai 
and  repair  of  that  canal  for  the  calendar  year  ending  Deceml^r  31;1^- 
and  of  the  receipts  and  expenditures  for  the  same  period. 

It  will  be  seen  that  the  receipts  during  the  past  year  amounted  i«i^ 
sum  of  $47,370.80,  and  the  total  expenditures  during  the  same  peiMn 
$81,604.23,  an  excess  of  expenditures  over  receipts  of  $34,233.43.  Tat 
balance  on  hand  January  1, 1879,  was  $57,793,14,  and  the  amooBtos 
hand  January  1, 1880,  is  consequently  $23,559.71. 

As  in  previous  years,  improvements  and  repairs,  in  the  order  of  tk' 
necessity,  were  made  as  rapidly  as  a  due  regard  for  economy  and  exi^ 
diency  would  permit,  and  it  will  be  seen  that  the  policy'  adopted  d 
continuing  to  place  the  canal  and  its  appurtenances  in  better  worbu 
condition  has  gradually  and  steadily  given  increased  facilities  to  r» 
business. 

During  the  last  half  of  the  year  1874, 274,365  tons  were  passed  thronf^ 
the  canal,  at  an  expense  of  9.12  cents  per  ton  for  superintendence,  mm 
agement,  and  ordinary  repairs ;  in  1875,  757,695|  tons,  at  6.14  cente;  i> 
1876,  871,446 J  tons, at  5.6  cents;  in  1877,  999,010  tons,  at  4.97  oenteiM 
1878  (with  rates  of  toll  reduced  20  per  cent),  1,094.942  tons,  at  4.^ 
cents;  and  in  1879  (on  a  business  of  about  six  months),  778^889  tom^^ 
5.63  cents  per  ton. 

The  total  receipts  on  the  canal  from  June  11, 1874,  to  December  31. 
1879,  the  period  during  which  the  government  has  had  charge,  veff 
$385,952.09;  total  expenditures,  $362,392.38;  leaving  a  snrplois  ^ 
$23,559.71.  Of  the  expenditures,$  112,719.92  were  for  permaneat  bn 
provenients. 

The  past  year  was  the  most  unfavorable  for  the  canal  since  1375.  it 
having  been  closed  by  ice,  high-water,  &c.,  83  days.  On  this  aeconnu 
and  in  view  of  the  large  amount  of  work  done  in  improvement  and  rv^ 
pairs,  Major  Weitzel  recommends  that  the  existing  rates  of  toll,  &<^  ^ 
continued  during  the  current  year,  viz : 

Steamboats  and  model  barges,  6^  cents  per  ton. 
Sciaare  barges,  flats,  coal-boats,  &.C.,  5  cents  per  ton. 
All  empty  square  bargtMj  and  coal-boats,  4  cents  i)cr  ton. 
<Bmall  l>oats,  $4  each. 
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Rafts  of  logs,  &c.,  measurements  and  rates  the  same  as  for  coal-boats. 

Boats  belon^ng  to  or  chartered  by  the  United  States,  free. 

Towing,  harbor  rates. 

Use  of  aredge,  $2.50  per  hour. 

Use  of  steam-pump,  f2.50  per  hour. 

Use  of  dry-dock,  $15  for  the  first  day  and  |10  for  each  subsequent  day. 

A  farther  reduction  is  not  thonght  advisable  in  view  of  the  fact  that 
a  number  of  repairs  and  improyemeuts  are  yet  to  be  made,  and  cdso  for 
the  reason  that  it  is  the  part  of  prudence  to  keep  a  sufficient  surplus  on 
hand  to  provide  for  accidents  more  or  less  liable  to  occur  on  all  canal- 
locks,  and  especially  upon  those  of  large  dimensions. 

Section  3  of  the  act  of  Congress  referred  to  contains  the  following  pro- 
vision : 

And  to  ascertain  what  rates  will  pay  current  expenses  after  the  present  year  [1874], 
tlie  Secretary  of  War  shall,  on  the  first  Monday  of  January  of  each  year,  ascertain 
from  the  expenses  of  the  previous  year  what  tolls  will  probably  pay  the  expenses  of 
the  current  year ;  and  he  shall  fix  and  declare  the  rate  of  tolls  thus  ascertained  to  be 
charged  for  the  current  year;  •  *  •  and  he  shall,  in  his  next  annual  report,  set 
forth  such  receipts  and  expenditures  and  the  condition  of  said  canal,  with  a  view  to 
such  legislation  as  may  be  necessary  for  the  superintendence  and  management  thereof. 

It  is,  therefore,  resx)ectfally  recommended  that  the  rates  of  toll  above 
mentioned  be  adopted  as  those  to  be  declared  and  fixed  by  your  authority, 
in  obedience  to  this  law,  as  the  charges  to  be  collected  for  the  current 
calendar  year. 

As  the  report  of  Major  Weitzel  contains  matter  of  value  relatuig  to 
commerce  and  navigation,  it  is  suggested  that  it  be  sent  to  Congress  for 
the  information  of  the  Committees  on  Commerce  of  the  Senate  and 
House  of  Bepresentatives. 

Very  respectfully,  your  obedient  servant, 

H.  G.  Wright, 
Chief  of  Engineers  y 
Brig,  and  Bvt  Maj.  Oen.j  U.  8.  A. 

Hon.  Alexanbeb  Bamset,  • 

Secretary  of  War. 


BEPOBT  OF  MAJOB  a.  WEITZEL,  GOBPS  OF  ENGINEEBS. 

United  States  ENGirnEEB  Office, 

Detroit^  Mich.y  January  3, 1880. 

GsiNEBAL:  In  accordance  with. your  instructions,  and  to  enable  the 
honorable  the  Secretary  of  War  to  comply  with  the  provisions  of  section 
3  of  the  act  of  Congress  approved  May  11, 1874,  entitled — 

An  act  providing  for  the  payment  of  the  bonds  of  the  Louisville  and  Portland  Canal 
Company — 

I  have  the  honor  to  submit  the  following  report  on  the  superintend- 
ence, management,  and  repair  of  the  Louisville  and  Portland  Canal  for 
the  calendar  year  ending  December  31, 1879 : 

Capt.  A.  N.  Lee.  Corps  of  Engineers,  was  my  assistant  in  immediate 
charge  of  the  wort  until  his  death,  October  31, 1879.  Since  that  time 
Mr.  Phil.  J.  Schopp,  who  has  been  in  the  employ  of  the  government, 
under  my  direction,  on  this  work  ever  since  tiiie  original  surveys  were 
began,  has  been  in  immediate  charge. 

The  usual  tables  are  annexed  for  the  practical  information  of  the  pro- 
fession. 

The  policy  which  was  adopted  when  the  government  assumed  charge 
of  this  work  has  been  continued.  Improvements  and  repairs,  in  the 
109  E 
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order  of  their  necessity,  were  made  as  rapidly  as  economy  and  other  dr 
cumstances  would  permit. 

The  following  permanent  improvements  and  repairs  were  made  during 
the  year,  viz: 

The  grading,  part  paving,  and  i>art  sodding  of  the  extensive  slopes  on 
both  sides  of  the  new  locks  were  finished,  with  the  exception  of  the  sod 
ding  of  about  one-half  of  the  north  slope.  The  beime  between  the  foot 
of  the  slopes  and  the  lock-walls  on  the  south  side  was  covered  with  j 
substantial  concrete  pavement  of  Portland  cement,  according  to  IngalL*^ 
patent.  This  improvement  ha«  not  only  beautitied  the  siuroimdiii^N 
but  prevents  the  wash  of  mud  from  the  slopes  and  bermes  into  th* 
chambers,  which  heretofore  occurred  and  caused  much  tit>ubleand  dela* 
in  the  movement  of  the  gates. 

In  addition  to  the  usual  repairs  upon  gate.s  and  machinery,  a  new  sr 
of  chains  and  new  winding  machinery  were  introduced  on  the  uppt 
lift-gates,  and  new  wooden  suspension-masts  erected  at  the  lower  1 
gates. 

The  middle  lift-gates  are  in  poor  condition,  and  the  work  of  repiaciii, 
them  by  new  ones  is  now  in  progress.  A  great  delay  in  this  has  bet: 
caused  by  the  protracted  low- water  season  of  last  fall  aud  the  difficoL') 
of  obtaining  oak  timber  of  proper  dimensions. 

The  lower  lift-gates  are  also  showing  signs  of  decay,  and  it  will  sft'i 
be  necessary  to  replace  them  by  new  ones. 

In  due  time  it  is  also  proposed  to  replace  the  wooden  masts,  from  vk- 
the  gates  are  virtually  suspended,  by  iron  columns.  The  former  dtiea] 
rapidly,  and  then  it  becomes  very  difficult  to  adjust  the  gate  suspend-. 
rods. 

In  the  early  part  of  the  year  I  asked  for  and  obtained  authority  •' 
make  the  exi)eriment  of  operating  the  gates  by  attaching  a  small  engb 
to  the  gate  machinery.  It  was  made  on  the  north  leaf  of  the  mi^i^^ 
lift  gates,  as  these  are  the  heaviest  and  most  difficult  to  operate.  Tp* 
experiment  is  a  perfect  success,  and  I  have  obtained  authority  andk 
purchased  five  additional  engines  for  the  other  five  leaves  of  tlie  t^ 
gates.  When  these  are  all  in  place  and  in  operation,  quite  a  redu<t>^ 
in  the  force  of  the  lock  hands  can  and  will  be  made. 

The  work  of  rebuilding  the  old  locks  is  completed,  with  the  excep' 
of  hanging  the  gates.  This  will  be  done  in  a  few  days.  The  tlr 
chamb^,  each  a^ut  198  feet  long,  50  feet  wide,  and  having  a  lift  of^^^'- 
6g  inches,  have  been  converted  into  two  chambers,  having  a  capadtji* 
passing  vessels  258  feet  long,  49^  feet  wide,  and  having  a  lift  of  l^t<r 
10  inches  each. 

These  old  locks  are  also  furnished  with  a  new  set  of  guard-gates,  ai^ 
the  upper  lift-gates  will  soon  require  renewal. 

This  improvement  of  the  old  locks  will  assist  materially  in  pas^io- 
coal- vessels  In  the  cases  of  coal-runs,  which  occur  about  three  or  fi^f 
times  a  year,  and  cause  delay  for  a  short  period^  and  will  pass  ves^t'!^ 
during  the  short  period,  which  has  occurred  a  lew  times  on  a  nsxi 
river,  when  the  water  has  reached  the  11^-foot  mark  on  the  canal-gaiip 
At  this  stage  the  new  locks  are  impassable,  and  the  falls  also.  The  in; 
proved  old  locks  permit  passages  to  the  14^foot  stage  by  the  c«q^' 
gauge,  and  then  the  falls  become  passable  for  ascending  boats. 

The  dry-dock  is  kept  in  serviceable  condition  by  frequent  miB'*^ 
repairs,  but  until  the  question  of  its  enlargement  to  the  cai>adty  of  tb** 
new  lock-chambers  is  definitely  determine  upon,  it  is  not  economy  t« 
make  extensive  repairs. 

There  has  not  been  so  much  work  for  the  dredges  daring  the  year  ji* 
in  former  years,  owing  to  a  less  dei>osit  being  brought  down  by  il-^ 
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river ;  but  both  of  them,  as  well  as  the  tow-boat,  have  been  profitably 
employed  during  their  leisure  from  legitimate  duties  in  various  ways  on 
the  work  of  repair  and  improvement. 

The  tow-boat  received  a  new  coat  of  paint  and  new  cylinder  timbers, 
besides  smaller  repairs ;  the  mud-scows  were  recalked ;  dredge  No.  1 
received  a  new  crane,  and  dredge  No.  2  minor  repairs.  The  latter  will 
soon,  require  a  new  hull  and  boiler. 

At  the  workshops  no  new  machinery  was  addexl,  but  an  additional 
shed  was  built  from  old  material  to  protect  the  carpenters  while  at  work 
on  new  lock-gates. 
.  In  addition  to  minor  repairs  on  tow-boat,  dredges,  mud-scows,  barge, 
and  bridges,  the  shed  above  referred  to  was  built  and  the  following 
work  was  done,  viz :  A  new  dredge-crane  and  new  guard-gates  for  old 
locks  were  constructed ;  the  steam-engine  at  middle  gates  was  placed  in 
position ;  fences  were  completed;  a  new  miter-sill  for  the  lower  gates  of 
old  locks  laid ;  new  anchor-bolts  and  suspension-rods  for  the  new  gates 
of  old  locks  were  made,  and  the  timbers  for  the  new  middle  gates  of  the 
new  locks  were  planed. 

A  store-boat  for  the  wickets  and  connecting-rods  of  the  movable  dam 
in  the  Indiana  Chute,  at  the  crest  of  the  falls,  and  the  bed  timbers  and 
plank  for  wickets  were  planed  and  prepared  for  the  reception  of  trestles, 
and  the  whole  structure  set  up  and  ntted  at  the  shops,  preparatory  to 
being  blaced  in  its  x)Osition  when  the  stage  of  water  will  permit. 

The  grounds  around  the  sux>erintendent's  and  collector's  offices  were 
filled  in  and  improved  with  the  material  derived  from  grading  the  slope 
on  the  south  side  of  the  new  locks. 

The  number  of  permanent  employes  is  at  present  fifty,  a  reduction 
of  one  from  last  year.  As  soon  as  all  the  engines  for  operating  the 
gates  are  in  position  there  will  be  a  considerable  reduction  in  the  per- 
manent force. 

The  monthly  pay-roll  of  the  permanent  force  now  amounts  to  $3,185. 
The  past  year  was  the  most  unfavorable  one  for  the  canal  since  1875. 
On  this  account,  and  the  great  amount  of  work  done  on  improvements 
and  repairs,  the  cash  balance  has  been  reduced  during  the  year  from 
$57,793.14  to  $23,559.71.  On  this  account  I  recommend  that  the  present 
rate  of  tolls,  &c.,  be  continued  during  the  present  year. 

During  the  year  the  canal  was  closed  by  ice  and  high-water  68  days, 
and  for  repairs  15  days ;  total,  83  days. 

In  July  the  water  in  the  river  went  down,  and,  with  the  exception  of 
a  slight  swell  in  August,  it  nearly  touched  extreme  low-water  mark, 
remaining  down  until  November  23.  This  long-continued  low  stage  had 
its  bright  side,  however.  It  enabled  us  to  do  a  great  deal  of  work  on 
the  improvement,  as  well  as  on  the  superintendence,  managment,  and 
repair,  at  very  economical  prices.  Practically,  the  business  of  the  canal 
was,  therefore,  completely  or  partially  suspended  during  about  seven 
months  of  the  year. 

There  were  passed  through  the  canal  during  the  year  848  passenger- 
boats,  201  tow-boats,  356  model  barges,  1,329  square  barges,  and  434 
small  boats ;  a  total  of  3,168  vessels,  representing  a  registered  under- 
tonnage  and  measured  capacity  of  778,889  tons. 

£leven  million  five  hundred  and  eight  thousand  bushels  of  coal, 
116,260  barrels  of  salt,  and  20,155  tons  of  iron  ore  passed  through 
during  the  year. 

From  June  11, 1874,  to  December  31, 1874,  274,305  tons  were  passed 
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(with  rates  of  toll  redaoed  20  per  cent),  1,094,942  tons,  at  4.05  cents; 
and  in  1879  (on  a  hnsinens  of  about  six  months),  778,889  tons,  at  5.6:3 
cents  per  ton. 

The  receipts  during  the  past  year  amounted  to  847,370.80,  and  the 
total  expenditures  $81,604.23.  The  expenditures  exceeded  the  receipts 
by  $34,233.43.  There  was  on  hand  at  the  beginning  of  the  year  the 
sum  of  $57,793.14;  consequently,  the  amount  on  hand  at  the  beginning 
of  the  present  year  is  $23,559.71. 

It  will  be  seen  by  reference  to  the  annexed  table  that,  in  spite  of  th^ 
unfavorable  season,  the  receipts  for  the  year  exceed  the  expense  o^ 
superintendence,  management,  and  ordinary  tepairs  by  $3,486.49. 

The  amount  expended  for  permanent  improvements  during  the  y^ 
was  $37,719.92,  and  for  running  expenses,  including  ordinary  repairs, 
was  $43,884.31. 

The  total  receipts  on  the  canal  from  June  11, 1874,  to  December  31, 
1879.  during  which  i)eriod  the  government  has  haa  charge  of  it,  amonnted 
to  $385,952.09,  the  total  expenditures  $362,392.38,  leaving  the  snrple 
of  $23,669.71. 

Of  the  amount  expended  $112,719.92  was  for  permanent  improvemeDi 
The  total  amount  expended,  therefore,  for  superintendence,  manag^ 
ment,  and  ordinary  repairs,  afber  deducting  $23,559.71,  the  balance  (c 
hand  at  the  beginning  of  this  year,  was  $226,112.75. 

During  this  period  4,786,949.05  tons  (registered  or  measured  capaatr 
were  passed.  The  average  expense  per  ton  was,  therefore,  a  fractict 
less  than  five  cents  per  ton. 

By  the  use  of  the  canal  force  and  machinery  in  the  canal-shops  i 
saving  of  about  $30,000  below  fair  contract  prices  has  been  effected  t 
the  work  ali*eady  done. 

Mr.  Schopp,  assistant  engineer,  superintendent  of  the  canal,  and  la 
assistants  have  performed  their  duties  in  their  usual  praiseworthy  w^ 
ner.    Mr.  Schopp's  report  to  me  is  embodied  in  the  above. 

Annexed  hereto  are  the  financial  and  other  statements  for  tiieyear. 
Very  respectfully,  your  obedient  servant, 

6.  Wbitzbl, 

Brig.  Gen.  H.  G.  Wright,  Major  ofEngtnmt 

Chief  of  UngineerSy  U.  S,  A. 


Financial  aiatement  far  calendar  year  ending  December  31,  1879. 


Expenditures. 


Month. 


1879. 

January 

February 

Ifaroh 

April 

May 

June 

July 

AneuBt A. 

September 

October 

Koyember 

December 


Total. 


Amount. 


$3,240  00 
4,282  91 
1,233  66 
8,350  44 
5,936  12 
6,876  21 
7,282  80 
496  91 
7,388  24 
8,897  47 

18,646  39 
9,972  99 


81,604  23 


Depoeita. 


Month. 


1879. 


January . . 
February . 
March .... 

Ajpril 

MAy 

June 

July 

Auguat . . . 
September 
October... 
November 


2.ai> 
LSrsa 

§,mm 

73f  a: 
4.«»Ti 


December '       T.aT^ 

Total I     «i^«  * 


U 


Balance  in  bank  December  31, 1878 ^  ^^  ^ 

Szcess  of  expenditurea  orer  receipta *^^"^ 

Caah  on  hand  December  81, 1879 n,SB»n 
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Finandal  statement  f&r  ealendar  year  ending  Deoemher  31,  1879. 


B«o«lpts. 


Toll* 

Kent* 

TTaeof  dxy-dook. 

TOWBM 

UMoFpamiM... 
Uae  of  dredge... 


Totia. 


Amount. 


$46^766  43 

263  50 

177  60 

107  60 

16  87 

00  00 


47. 870  80 


XxpenflM. 


Amount. 


Lookage  department , 
Dredge  department . . 
Improvemente 


Total. 


$80.928  47 
12,966  84 
87,719  92 


81,004  28 


Balance  in  bank  December  81, 1878 $57,793  14 

of  expenditures  orer  receipts  In  year  1879 84,223  48 

Balance  on  hand  December  81, 1879 23,669 


Statememt  of  the  cost  0/  euperintendenee.  management^  fo.,far  calendar  year  ending  Decern 

her  31, 1879. 


Month. 


Janoary 

February. 

Karob 

April 

May 

Jane 

July 

Ani^ust 

September 

October. . . 

N'ovember 

December 


Dredge  department. 


i 


98,  40  30 
00  62  00 

56!  46  70 


$2,630  191 
2, 442  36 
2,604  251 
2,646  97 
2,717  64 
2,454  42 
2,648  80 
2,450  28 
2,565  68 
2,805  29 
2,468  55 
2,804  04 


$796  00 
841  66 
835  00 
835  00 
835  00 
835  00 
835  00 
899  05 
835  00 
845  67 
835  00 
885  00 


$100  86 
260  00 
225  95 
263  11 
150  77 
709  39 
395  35 
350  24 
134  78 
18  21 
179  70 
165  50 


Total ,29,331 


o 
H 


$896 

1,101 

1,060 

1,096 

986 

1,544 

1,230 

1,189 

969 

868 

1,014 

1,000 


70 
60 


If 

i 
18 


86 
66 
95 
11 
77 
89 
35 
89 
78 
8810, 


$687 
127 
1,665 
984 
2,451 
3,033 
2,187 
6,431 
2,688 
1,465 
1,873 
6^823 


16  $4, 


75 
91 
68 
35 
42 
16 


3, 
5. 
4. 
6, 
7. 
5^ 


60|10, 
48  6, 
7814, 


25 
39 


6^ 


218  20 
671  77 
131  11 
679  76 
154  76 
032  23 
916  31 
071  77 
153  78 
134  95 
356  50 
117  93 


39  350  98  30, 928  4710, 001  98  2  953  86 12, 956  84  37, 719  92,81, 604  23 


ffork  of  dredging  department  and  expenditures  on  it  for  the  calendar  year  ending  December 

31,  1879. 

rime  dredffin^ 132  days* 

rime  lost  by  ice 20  days* 

by  high-water 51  days* 

by  employment  at  falls  and  old  looks 85  days. 

by  Sundays  and  holidays 58  days. 

by  assisting  lock-hands  andother  labor 19  days. 

?ubic  yards  excavated  during  year 51,338 

>ubic  yards  excavatod  per  working-day , 388.92 

Ularies  for  the  year $10,001.96 

per  working-day |75.772 

^ost  repairs  for  the  year $2,953.86 

per  working-day $22,377 

for  dredging,  1%2  working-days $3,617. 15 

per  worung-day $27.25 

per  cubic  yard  excavated $0,704 
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APPENDIX   X. 

IMPROVEMBNT  OP  OHIO  BIYEB ;  OF  MONONGAHELA  BIYEB,  WEST  VIB- 
GINIA,  AND  OP  ALLEGHENY  BIYEB,  PENNSYLVANIA— HABBOB  OP 
BEFUGE  NEAB  CINCINNATI,  AND  ICE  HABBOB  AT  THE  MOUTH  OP 
THE  MUSKINGUM  BIYEB,  OHIO. 


rkpokt  of  major  william  e.  merrill,  corps  of  engineers,  bvt, 
(  ol,,  v.  s.  a,,  officer  in  charge,  for  the  fiscal  tear  ending 
j(se  30,  1880,  with  other  documents  relating  to  the  works, 

United  States  Engineeb  Oppioe, 

Cincinnati^  OkiOy  July  31, 1880. 

Gknebal  :  I  have  the  honor  to  sabmit  herewith  the  annual  reports 
>ii  the  works  under  my  charge,  for  the  fiscal  year  ending  June  30, 1880. 
Besi)ectfti]ly,  your  ob^ent  serYant, 

Wm.  E.  Mebbill, 
Major  of  Engineers. 

IJrig.  Gen.  H.  6.  Weight, 

Chief  of  Engineers^  U.  8.  A. 


X  I. 

IMPBOYEMENT  OF  THE  OHIO  BIYEB. 

The  following  is  a  statement  of  the  work  done  on  the  Ohio  Biver  dur- 
[\g  the  fiscal  year  ending  June  30, 1880 : 

WOBEB  OP  CONSTBUCTION. 

JJ(t  vis  Island  (5  miles  below  Pittsburgh). — ^The  moYable  dam  under  con- 
triiction  at  this  locality  is  in  charge  of  Lieut.  F.  A.  Mahan,  Corps  of 
In^iueers.    His  annual  report  is  as  follows : 

From  June  30,  1879,  work  progressed  vigorously  until  December  6,  when  everything 
\u\  to  close,  owing  to  lack  of  funds.  During  this  time  all  the  laud-wall,  including 
le  ^ate  recesftes.  had  been  completed,  except  the  coping ;  the  filling  and  emptying 
i] verts  were  built;  the  excavations  were  made  for  a  length  of  220  feet  of  the  river- 
all  aud  for  the  Chanoine  dam  at  the  head  of  the  lock ;  the  concrete  foundations  were 
It  in  and  completed  for  205^  feet  of  the  river- wall  and  for  the  Chanoine  dam ;  and 
br>iit  85  per  cent,  of  the  stone  floor  of  the  Chanoine  dam  was  laid. 
'ihe  length  of  the  development  of  the  land-wall,  including  the  gat>e  recesses,  is  1,169 
;et  The  foundation  of  the  river-wall  is  694  feet  long,  and  the  superstructure  689 
et. 
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The  quantities  of  masonry  put  in  are  as  follows: 


Part  of  work. 


5" 


Upper  wall,  lower  recess 

XK>wer  wall,  lower  recess 

Mainlandwall 

Chanoine  Dam 

Fining  conduit 

Emptying  conduit 

Floor^npiier  recess 

Floor,  lower  recess 

Foundation  river- wall 

Foundation  dam  at  head  of  lock 
Sewer 


218.3 
857.9 
109.6 


1. 185. 8 


Making  a  total  of  6,938  cubic  yards  of  masonry  of  all  8ort«. 

The  accounts  of  the  work  have  been  kept  with  creat  care  for  details,  and  I  h^ 
hoped  to  be  able  to  present  figures  for  use  in  making  estimates.  During  the  hu^y 
working  season  the  accounts  could  not  be  kept  up  to  date,  and  when  the  work  c^czynl 
the  office  force  was  reduced  to  such  an  extent  that  the  figures  needed  conld  iK»t  b- 
made  up.    This  work  will  therefore  have  to  be  postponed  for  the  time  being. 

Portland  Bar  (603  miles  below  Pittsburgh). — Proposals  for  constnictiiiz 
a  dike  at  Portland  Bar  were  invited  by  advertisement  dated  Septem^*^ 
1, 1879,  the  approximate  of  materials  required  being  as  follows : 

700,000  feet,  board  measure,  timber. 
60,000  pounds  iron  drift-bolts. 
18,000  cubic  yjirds  riprap  stone. 
150  cords  brush. 

The  following  bids  were  received  and  opened  at  Cincinnati  on  Octi^: 
9, 1879 : 


a 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


Bidders. 


J 
la 

n 


£.6.Penn 

Shipman  Mnrphy 

Hine  &  Ma«inty 

Wheeler  &Co 

Jonatlian  Taylor 

James  Burke 

Jacob  S.  Lowry 

Thomas  P.  Shanks  &  Co 

Charles  E.  Clark 

Hill  &  McKechney 

Willard  Johnson 

Colville  Sc  Howard 

F.  Jarecki 

William  H.  Hawkins. . . . 

C.H.  Callahan 

McKenxie  6c  Mnrphy... 
Robert  C.Kerr 


119  00 
20  00 
10  75 

20  00 

21  00 

23  00 

22  50 
27  50 

24  00 

23  00 

27  00 

24  50 
26  79 

28  50 
38  50 
37  00 
35  00 


as 


$0  S4 
78 
88 
90 
03 
90 
97 
90 
08 
25 
25 
40 
36 
50 
35 
67 
50 


o 
hi 

M 
c 

£ 

pa 


$1  00 
5  00 


2 
3 

1 


00 
00 
85 


3  00 


50 
60 
90 
25 
00 
50 
76 

2  00 

3  50 

4  50 
8  50 


1 
1 


3 
2 
1 


p. 

c 


$0  04 
06 
05 
06 
054 
06 
05 
06 
05 
85 
OS 
05 
ftjj 
06 
07j 


07 


••z 


< 


636  r.'  • 

3Z»   • 

34.»'* 

».«:  - 

3»«.6r.  • 
a^r?  ■ 
4Ue:  - 

44  <*  '" 

43cTS  •' 
;  45^C5'"' 
I  5«.fi*  '■» 
Si  »  •" 
51^4^  »• 
74,r:»«» 


A  contract  was  made  October  26, 1879,  with  the  lowest  bidder,  ^Ir- 
E.  G.  Penn,  of  Amelia,  Ohio. 

The  contractor  has  made  considerable  progress  in  collecting  materal. 
and  will  begin  the  actual  work  of  construction  as  soon  as  the  stagf  of 
water  will  permit.  Nothing  further  has,  thus  far,  been  practicable  ance 
the  contract  was  made. 
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French  Island  (760  miles  below  Pittsburgh), — ^The  repairs  of  this  dike, 
authorized  by  letters  of  the  Chief  of  Engineers  dated  November  7, 1878^ 
jind  Augnst  9, 1879,  were  completed  in  November,  1879.  The  dike  ha» 
been  strengthened  for  a  distance  of  1,890  feet  from  its  root  (about  one- 
half  its  entire  length),  by  a  row  of  piling  driven  along  its  upper  or  chan- 
nel face  and  connected  by  horizontal  wale  pieces  bolted  near  their  tops; 
the  whole  being  supported  by  a  backing  of  brush  and  stone  placed  on 
the  sloping  face  of  the  dike.  It  is  expected  that  this  revetment  will 
enable  the  dike  to  withstand  the  effect  of  ice,  which  has  hitherto  been 
the  cause  of  annual  damage. 

The  dike  now  turns  the  w^ter  at  the  6-foot  stage.  The  amount  of 
material  expended  during  the  season,  June  12  to  November  30, 1879,  is 
as  follows : 

1,006  piles, 

456  cords  brush,  and 
G,749  cubic  yards  of  stoue. 

The  work  of  repair  was  done  by  contract  with  C.  M.  Cole,  the  con- 
tractor for  Evansville  Dike,  and  at  the  prices  named  in  the  contract  for 
the  latter  work. 

Evansville  J  Indiana  (783  miles  below  Pittsburgh), — The  repairs  of  this 
dike,  under  contract  with  C.  M.  Cole,  dated  September  30, 1878,  were 
completed  during  the  month  of  September,  1879.  A  spur-dike  to  arrest 
the  scouring  action  developed  below  the  main  dike  has  also  been  con- 
structed. This  dike  starts  from  the  Kentucky  shore  about  300  feet  below 
the  root  of  the  main  dike  and  extends  some  240  feet  into  the  river ;  it 
has  a  width  of  25  feet  and  its  top  is  at  the  height  of  the  8-foot  stage. 
The  amount  of  material  expended  on  these  dikes  (June  1  to  September 
27)  is  as  follows : 

75  piles, 
735  cords  brush,  and 
i\,iij&'2  cubic  yards  stone. 

Henderson  Island  (796  miles  below  Pittsburgh). — ^The  repairs  of  the  dike 
and  dam  at  Henderson  Island,  authorized  by  department  letter  of  Sep- 
tember 25, 1879,  were  made  between  October  15  and  December  5, 1879. 

Three  hundred  and  fifty  cubic  yards  of  stone  were  expended  in  repairing 
a  gap  in  the  dike  which  projects  from  the  Indiana  shore,  and  339  cords 
of  brush  and  1,722  cubic  yards  of  stone  were  used  in  strengthening  the 
dam  which  closes  the  chute  on  the  Kentucky  side  of  the  island. 

This  work  was  also  done  by  contract  with  the  contractor  for  the  Evans- 
ville Dike,  and  at  the  same  prices. 

Grand  Chain  (943  to  948  miles  below  Pittsburgh), — ^An  allotment  of 
$50,000  for  the  improvement  of  the  Grand  Chain  was  contained  in  the 
river  and  harbor  act  approved  June  18, 1878,  and  a  similar  allotment  of 
850,000  was  contained  in  the  river  and  harbor  act  approved  March  3, 
1879.  Of  the  first  allotment,  $5,700  was  expended  in  removing  the 
**  Arkansas"  and  other  rocks  (as  reported  in  my  last  annual  report)  and, 
with  the  $44,300  left,  it  was  thought  best  to  build  a  longitudinal  dike, 
terminating  in  the  vicinity  of  the  "  Jackson  "  Bock.  The  design  of  this 
dike  was  to  fence  off  the  shore  ledges  that  were  too  expensive  for  removal^ 
and  to  increse  the  bottom  scour  so  as  to  develop  the  rocks  that  now  lie 
half  buried  and  are  almost  undiscoverable. 
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Bids  for  this  dike  were  opened  on  the  27th  of  June,  1879,  with  tiie  fol 
lowing  result : 


a 


1 

2 

3 

4 

5 

« 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Bidders. 


it 


CM.  Cole 

Tbomae P. Sbaaks  &,Co... 

Jamee  Bnrke 

J.S.Boath 

J.  8.  Lowrr 

Kirby  4k  SiiipmAn 

E-G.Penn 

M.D.  Bnrke 

Black  &  Coyne 

Peter  Sc  SouUy 

B.L.Wood,jr 

Jamee  McArthur 

CopUnger,  Kirk  &  Howard. 

J.  S.  McDonald 

MoKensie  ic  Murpby 

Ph.  Crebertohan  


10 


07 
10 
10 
10 
14 

14* 

10 

14 

14 

101 

16 

18 

18* 
20 

31 
80 


$18  00 
17  50 

17  00 
25  00 
22  00 

18  75 
18  00 

21  00 

22  50 
20  45 
29  00 
24  00 
10  50 
24  00 
34  00 
80  00 


a 

it'. 

I 


$0  88 
90 


i 

•s 
e 

n 


S. 

i 


00 
15 
90 
82 
25 
00 
05 
371 
23 
25 
60 
66 
65 
2  60 


$1  50 
75 
76 
00 
25 

2  50 

3  00 


9  o  oi3 


to  03J 


1 

1 


60 
10 
87 
95 
00 
75 
66 
50 
00 


$33.060  00 
39,780  00 
40,375  00 
43«a00  00 
44, 576  00 
44,616  00 
46.500  00 
47, 150  00 
47,800  00 
50.885  00 
54,«35  00 
58»8OO00 
09, 175  00 
71,600  00 
88.535  00 

189,826  00 


•31. 4e: 
44.»;r 

45^r9^ 

51,  Til* 

51,7iCJ 

57.74i:' 
G,415» 

7i,m^ 
l«»3ii: 


A  contract  for  this  dike  was  made  July  12,  1879,  with  the  love^ 
bidder,  C.  M.  Cole,  of  Marietta,  Ohio. 

Subsequently  the  embargo  on  the  appropriations  of  March  3,  W^ 
was  removed  and  bids  were  invited  for  the  construction  of  another  ^t 
whose  terminus  was  to  be  the  ^^  Suwannee''  Bock  near  the  foot  of  tk 
chain.  The  bids  were  opened  on  October  9, 1879,  with  the  foUorj: 
results: 


s 

a 


1 
2 
3 

4 
5 
6 
7 
8 
0 
10 
11 


Bidders. 


CM.  Cole 

Jonathan  Taylor 

Tbomaa  P.  Sbanks  k,  Co 
Sbipman  it,  Mnrphy .... 

James  Bnrke 

Jacob  S.  Lowry 

ColviUe  &  Howard 

Hill  ft  McKeohney 

Uptoji  ft  Johnson 

Wi]l%rd  Johnson 

McKenxie  ft  Murphy. . . 


Ronnd    timber 
per  linear  foot. 

Sqnare    timber 
perM. 

Stone  per  cubic 
yard. 

Iron  per  pound. 

1 

m 

s 

5 
si 

m 
< 

to  07 

t20  00 

$0  98 

$0  07 

$1  50 

|tf.S? 

09i     17  75 

98 

!!i| 

1  50 

4^» 

00^ 

18  00 

95 

1  25 

«*" 

11 

2100 

81 

06 

2  00 

Sil,*I«' 

09) 

18  00 

97 

07 

1  25 

51,«» 

lol     22  50 

98 

05 

1  50 

5S.S' 

10  ,     19  00 

1  30 

05 

1  00 

at»" 

15  1    22  00 

1  50 

05 

2  25 

TIT!* 

20  1    24  00 

1  30 

05 

4  00 

a*» 

25  ;     28  00 

1  12 

05 

3  30 

atff 

57 

35  00 

185 

042 

5  00 

mic^ 

The  contract  was  awarded  to  the  lowest  bidder,  C.  M.  Cole,  of  Hit. 
ette,  Ohio,  and  was  executed  October  26, 1879. 

The  first  dike  starts  from  the  Illinois  shore,  above  the  Jackson  BocL 
and  curves  down  stream,  gradually  becoming  parallel  with  the  cnmst. 
It  is  to  have  a  length  of  3,000  feet,  and  will  be  built  to  a  height  of  8  foe: 
above  low- water,  with  a  width  of  20  feet.  Up  to  the  height  of  4  if^ 
above  low- water  the  dike  will  consist  of  separate  cribs  of  round  timVr* 
30  to  50  tbet  long,  placed  end  to  end  as  nearly  in  contact  as  possible^ 
and  filled  with  stone.  On  the  top  of  the  independent  bottom  caibs.  *^r 
fix)m  4  to  8  feet  above  low- water,  will  be  placed  a  superstmctim;  of 
square  timber.  This  superstructure  will  have  a  width  of  18  feet^  ^ 
will  be  a  continuous  work,  connecting  and  firmly  binding  togetiier  tk 
independent  bottom  cribs.  Work  was  begun  on  this  dike  on  ^Tovember 
10,  and  was  continued  until  the  end  of  December.   During  this  timetbe 
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Bubstnictnre  was  extended  for  a  distance  of  250  feet  from  the  bank, 
and  the  shore  protection  at  the  root  of  the  dike  was  nearly  comx)leted;  a 
portion  of  the  superstructure  was  also  built. 

The  dike  at  the  foot  of  the  chain  starts  ^m  the  Illinois  shore,  and 
runs  down  stream  in  a  curve,  gradually  becoming  parallel  with  the  cur- 
rent, and  terminating  at  the  "Suwannee''  Eock.  It  is  also  to  have  a 
length  of  3,000  feet,  and  is  to  be  built  in  all  respects  in  a  similar  man- 
ner to  the  one  at  the  head  of  the  chain.  Work  was  begun  in  May,  1880j 
but  owing  to  high-water  it  has  thus  far  been  necessarily  limited  to  the 
bank  protection  at  the  root  of  the  dike  and  to  the  collection  of  material 
for  construction. 

Removal  of  rocks. 

During  October  and  ^November  the  Ohio  was  unusually  low,  and  both 
the  snag-boat  and  dredges  were  compelled  to  tie  up.  I  therefore  directed 
that  their  crews  be  employed  in  removing  rocks  from  the  bed  of  the 
river  by  blasting  or  otherwise.  With  the  approval  ot  the  Chief  of  Engi- 
neers, several  other  parties  were  also  organized  for  this  work.  The 
opportunity  was  a  very  unusual  one,  and  although  the  work  was  soon 
stopped  by  a  rise,  the  benefits  were  very  great,  and  were  highly  appre- 
ciated by  the  river  interests.  The  following  is  a  detailed  statement  of 
the  w^ork  done  by  the  several  parties : 

The  party  under  charge  of  Gapt.  John  Gordon,  of  Pittsburgh,  began 
work  at  WhiU?8  Ripple  and  the  Trap^  11  miles  below  Pittsburgh,  on  Octo- 
ber 7.  After  thoroughly  removing  the  troublesome  rocks  from  this  shoal, 
the  party  worked  upstream  to  Deadman^s  Island.  Merriman^s  Ripple, 
DufPs  Bar,  and  Lowrie^s  Ripple.  Good  work  was  done  at  each  of  these 
places.  The  rocks  were  generally'  removed  by  means  of  stone-sleds  drawn 
by  horses,  the  larger  rocks  being  broken  up  with  powder  to  a  size  that 
would  admit  of  their  being  handled.    Work  was  closed  on  November  15. 

The  party  under  charge  of  Gapt.  Marsh  Hays  removed  a  cluster  of 
rocks  flrom  Beaver  ShoalSj  27  miles  from  Pittsburgh,  between  October  2 
and  October  9. 

Crew  of  dredges. — ^The  work  done  by  this  party  has  been  tabulated  by 
the  engineer  in  charge,  as  follows: 


Place. 


I.x>vrrie'B  Ripple 

DufTsBar 

Merriman't  Bar. 
Flay  a' Bar 


White's  Ripple 

!so^rickley 

[  >ead]naD*8  laland — 
nils  Sewlckley  Creek. 

bZconomy,  Pa 

Fladen.Pa 


Knox's  Bar 

[iakor's  Tard 

Lacock'a  Bar 

■•erry's  Reef 

ft4K*lieat«r 

ieAver  Bar , 

Do 

Weaver  Shoals 

tao-ooon  Bar 

kfontgomery  Island. 

>lullia' Island  !!'!!! 
teor  eetown  Island 

,ine  laland, 

Do 


Total 


Rocks  re- 
moved. 


108 

9 

45 

2 

2 

8 

398 

103 

2 

108 

635 

36 

1,869 

195 

1 

390 

Le<lge  .. 

342 

206 

272 

Ledge  .. 

1,987 

714 

580 

Ledge  .. 


Weight 
in  tons. 


35.9 

6.5 

23.5 

5.0 

4.5 

13.0 

73.2 

12.0 

3.5 

19.8 

77.1 

3.0 

144.5 

4L1 

7.9 

56.0 

60.0 

95.2 

38.7 

94.3 

82.0 

153.0 

97.7 

127.9 

125.2 


7,512  1      1,852.5 
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Party  under  direction  of  Capt.  J.  B.  Daniels,  of  Harmar,  Ohio,  worke*! 
from  October  20  to  November  1  in  removing  rocks  from  clianuel  at  %jf 
Island^  McMahon^s  Creek  Bar^  and  Little  Grave  Creek  Bar^  situated,  re 
spectively,  2^  miles,  4  miles,  and  10  miles  below  Wheeling,  W.  Va.  At 
the  two  first-named  places  the  channel  was  thoroughly  cleaned  of  rock 
The  work  at  Little  Grave  Creek  was  not  finished  on  aecomit  of  cold 
weather.  Four  thousand  four  hundred  and  seventy  rocks  of  variou* 
sizes  were  removed  by  this  party. 

Party  under  charge  of  Capt.  J.  li.  King,  of  Belpre,  Ohio,  worked  (n 
the  following  shoals,  situated  between  11  and. 49  miles  below  Parkt^ 
burg,  W.  Va.,  viz,  Mmtapha  Island^  f^ee  Creek  Bar^  Swan  J5ar,  Sa^- 
Creek  Bar,  Great  Bend  Shallows,  and  Letart  Falls j  from  October  21  !■ 
November  15.  About  1,300  rocks  were  taken  from  these  shoals,  sonr 
of  which  would  contain  several  cubic  yards  each ;  about  one-third  of  tk 
whole  number  would  average  1  cubic  yard  in  volume,  the  rest  measum. 
from  1  to  5  cubic  feet  each.  The  low-water  channel  was  much  improve 
at  each  of  the  places  named. 

Crew  of  snag-boat — On  account  of  the  extreme  low- water  which  p^ 
vailed  during  the  latter  part  of  the  season,  the  snag-boat  was  unabk : 
work,  except  for  one  or  two  days,  from  September  17  to  November  1>^ 
little  over  two  months.  While  the  boat  was  thus  laid  up,  theavf 
were  employed  in  removing  the  troublesome  rocks  fit)m  Or&m^  Sksix 
Pogue-s  Shoals^  and  Sandy  Shallows,  greatly  improving  t^e  channels 
these  points.  Two  very  large  rocks  were  also  removed  ftwm  the  tla^ 
opposite  Westlronton,  Ohio;  these  rocks  averaged  about  45  cubic  yd- 
each,  and  were  very  difficult  of  removal. 

A  total  of  2,055  cubic  yards  of  stone  was  removed  by  the  snagv- 
crew  while  the  boat  was  laid  up. 

The  party  under  direction  of  Mr.  Philip  Golay,  assistant  eu|;5r 
began  operations  on  the  river  below  Evansville  on  October  IS-"' 
worked  until  November  25. 

At  Highland  Rocks,  near  Uniontown,  Ky.,  51  miles  below  Evan?'-'. 
about  1  foot  in  depth  was  removed  from  the  surface  of  the  **  ('^ 
Rock  (a  portion  of  the  ledge  about  100  feet  long  and  10  feet  wide). "' 
remnant  of  this  rock  is  now  covered  by  a  little  more  water  than  is  si? 
on  the  bars  immediately  above  and  below  it.    This  rock  was  found  i«' 
composed  of  indurated  clay  or  soapstone.    At  Weston,  Ky,,  81  mile? ' 
low  Evansville,  21  rocks,  containing  from  3  to  12  cubic  yards  each,Tr: 
removed  from  the  channel.    At  Ivor's  Island,  110  miles  below  l^" 
ville,  29  rocks  were  removed  from  the  channel  by  blasting  and  Ito. 
out  the  large  fragments  with  a  crane-boat ;  16  rocks  were  also  reiwf 
from  a  rock-bar  opposite  the  island.    At  the  Sisters  Islands,  113  ei^ 
below  Evansville,  75  cubic  yards  of  small  stones  were  removni  fto®^ 
channel.    At  the  Grand  Chain  the  channel  was  improved  by  renw^-^ 
a  depth  of  14  inches  from  the  top  of  the  ^' Jackson^  Rock.    Ten  isoi»i«* 
rocks,  averaging  2  tons  each,  were  removed  fit)m  the  vicinitj'  of  i' 
"  Grenadier^  Rock.    Two  large  rocks  near  the  channel  below  the^i' 
kansas^  Rock  were  blasted  and  scattered  into  deep  water,  and  4 1^^ 
rocks  near  the  foot  of  the  Chain  were  also  blown  to  pieces  and  v^^^^ 
£rom  the  chann^ 

SNAG-BOAT  E.  A.  WOODRUFF. 

The  snag-boat  E.  A.  Woodruff  began  work  for  the  season  on  Jwe  - 
and  worked  over  the  river  as  follows:  Cincinnati  to  Wheeling:  ^^^^' 
ing  to  Cairo ;  Cairo  to  New  Cumberland,  W.  A^a.;  New  CuDilierlanil  t- 
Evansville;  Evansville  to  winter  .quarters  in  the  mouth  of  Gn?eni^^^'*' 
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One  thousand  and  seventy-four  snags  and  48  wrecks  were  removed 
<luring  the  season.  Among  the  wrecks  removed  were  those  of  the  Re- 
bccch,  at  Parkersburg;  the  Brilliant,  at  Gallipolis;  the  J.  C.  Crosley, 
jii8t  below  the  month  of  the  Guyandotte ;  the  Nat.  Holmes  and  the 
I)avi(i  (xibson,  at  Petersburg;  the  Arlington,  at  Smithland,  and  the 
reiimant  of  the  Pat.  Cleburne,  at  Cincinnati  tow-head;  a  model  barge  at 
Sohou's  Landing,  and  one  at  Cairo,  111.;  a  stone-boat  at  Howard  Jen- 
kins' Landing,  and  one  at  Nine-Mile  Bar,  and  a  siilt-boat  at  New  Albany, 
Ind. ;  the  remainder  being  wrecks  of  coal-barges. 

The  two  largest  snags  taken  out  were  a  cotton  wood  at  Grissom's 
Lauding,  Ky.,  and  an  elm  at  the  mouth  of  the  Big  Guyandotte  River  f 
the  former  was  100  feet  long,  6  feet  6  inches  in  diameter  at  the  butt, 
with  a  root  spreading  to  a  diameter  of  30  feet.  The  weight  of  this 
snag,  including  the  stump,  was  210  tons,  being  the  heaviest  yet  re- 
moved by  the  boat.  The  other  one  was  79  feet  long,  9  feet  10  inches  in 
diameter,  with  root  spreading  20  feet,  and  weighed  193  tons.  Both  of 
these  snags  were  full  of  limbs.  On  the  30th  of  June,  the  snag-boat  re- 
moved the  snag  which  sunk  the  Salt  Valley,  at  Point  Run  Landing ; 
on  December  1,  the  snag  which  sunk  the  Fashion,  three  or  four  years 
ago ;  and  on  December  2,  the  snag  which  sunk  tlie  Granite  State,  at 
Warren's  Landing. 

UNITED  STATES  DREDGES  OHIO  AND   OSWEGO. 

/>ai?iV  Island  (5  miles  below  Pittsburgh), — ^The  work  of  excavating  for 
foundations  of  the  lock  at  Da\as'  Island,  begun  before  the  close  of  the 
last  fiscal  year,  was  continued  by  one  of  the  dredges  (the  Ohio)  until 
June  18,  when  the  river  became  too  low  to  admit  of  further  work.  Ex- 
cavation made  in  July,  3,733  cubic  yards.  Total  excavation,  June  and 
July,  1879,  15,322  cubic  yards. 

Foot  of  the  Trap  (12  miles  below  Pittsburgh). — ^The  work  of  removing 
a  lump  horn  the  channel  at  the  foot  of  the  trap,  begun  June  26,  was 
completed  on  July  1.  Excavation,  July  1,  890  cubic  yards.  Total  ex- 
cavation, 1,949  cubic  yards. 

Foot  of  Merriman^s  Bar  (lOJ  miles  below  Pittsburgh), — One  cut  was 
tiikeu  from  the  gravel  point  which  projected  from  the  right  bank  of 
the  river,  widening  the  channel  some  40  feet  and  straightening  it  mate- 
rially.   Excavation  made  July  2,  3.  25,  and  26,  2,394  cubic  yards. 

Middletown^  Pa,  (11  miles  below  Pittsburgh). — ^The  oi)ening  in  the  dike 
Lit  White's  Ripple,  opposite  Middletown,  was  enlarged  to  a  width  of  250 
feet,  so  as  to  make  a  safe  passage  through  to  the  Middletown  steam- 
boat landing.  The  usefulness  of  the  dSisie  is  in  nowise  impaired  by 
this  opening,  as  the  cross-dam  just  below  effectually  prevents  any  waste 
jf  water  through  it  from  the  main  channel  of  the  river.  Amount  of 
excavation,  July  5  to  July  23,  4,184  cubic  yards  gravel  and  2^760  cubic 
y^ards  loose  rock. 

Zdne  Island  (41  miles  below  Pittsburgh), — The  channel  at  the  head  of 
Line  Island  has  been  widened  120  feet  by  dredging  off  the  points  of  the 
>ars  projecting  from  the  Virginia  shore  and  from  the  island.  Total  ex- 
cavation, July  31  to  August  25,  22,172.4  cubic  yards.  This  channel 
ivas  materially  widened  by  the  dredges  in  1874,  but  ascending  tows  still 
bund  trouble  on  scant  water. 

Stoap^s  Ferry  (13  miles  below  Pittsburgh). — ^A  little  more  than  one  day's 
rork  was  done  by  the  Ohio  in  dredging  out  the  government  quarry- 
aiiding  at  Stoop's  Ferry,  which  had  become  partly  filled  up  by  wash 
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from  the  creek  since  June.    Excavation,  August  28  and  29,  416.7  eoUic 
yards. 

Foot  of  DeadmarCs  Island  (14  J  miles  below  Pittsburgh), — ^A  sudden  ri?* 
in  Little  Sewickley  Greek  having  thrown  out  a  bar  at  the  mouth  of  the 
creek^  which  would  render  the  passage  of  tows  impossible,  except  at 
the  highest  stages,  the  dredge  Oswego  commenced  its  removal  on  Au 
gust  27,  and  worked  until  ^ptember  9,  at  which  time  the  river  M 
fallen  so  low  as  to  make  it  impossible  to  continue  dredging.  The  wou 
at  this  place  was,  however,  practically  completed  before  the  suspensk 
of  work.    Total  excavation,  6,146.4  cubic  yards. 

A  similar  bar  was  formed  at  this  place  in  1875,  and  was  removed  1  .- 
dredging  in  1876,  at  which  time  also  a  dam  of  brush  and  stone  ra* 
built  across  the  mouth  of  the  creek  to  change  its  course  and  thus  ;&^ 
vent  the  formation  of  a  troublesome  bar.  This  dam,  althoagh  mvctf 
ful  in  changing  the  course  of  the  stream,  did  not  prevent  the  reforsii 
tion  of  the  bar  a  little  further  down,  and  it  was  therefore  Aem^ 
advisable  to  construct  another  dam  to  still  further  change  the  course  o: 
the  stream.  This  second  dam  was  commenced  on  August  29,  by  t. 
crew  of  the  dredge  Ohio,  and  was  completed  on  September  6.  It  u:5 
feet  long  and  contains  30  cords  of  brush,  228  cubic  yards  of  stone,  tii^ 
34  cubic  yards  of  gravel.  It  is  hoped  that  its  construction  will  prem 
any  further  trouble  firom  bars  at  this  place.  :^ 

Pikers  Island  (83  miles  below  Pittsburgh). — After  completing  tbr  r 
moval  of  the  bar  at  Deadman's  Island,  on  September  9,  the  dnd:' 
were  unable  to  resume  work  until  November  22,  when  they  began  ± 
removal  of  the  Creek  Bar  on  the  Ohio  shore,  opposite  the  foot  of  Pit'> 
Island,  so  as  to  straighten  the  channel.  This  work  was  complete!' 
December  12,  and  the  dredges  were  taken  at  once  to  winter  qnartei^^ 
the  mouth  of  the  Muskingum  Eiver.  Total  excavation  at  Pike-s  h^i^^^ 
23,483.3  cubic  yards. 

Iron  hull  for  dredge  Ohio. — ^The  wooden  hull  of  the  dredge  Ohio  I 
ing  finally  worn  out,  it  was  determined  to  build  the  new  hull  of  H 
and  the  cost  of  such  a  hull  was  included  in  my  annual  report  for  187f^^ 
Bids  were  invited  for  the  construction  of  this  hull,  to  he  opened  ociIe 
1st  of  October,  1879.  The  only  bid  received  was  that  of  Theodore  Al*^ 
of  Saint  Louis,  who  proposed  to  build  the  hull  for  $21,950.  Witht' 
approval  of  the  Chief  of  Engineers,  a  contract  was  entered  into  »?- 
Mr.  Allen  on  October  25, 1879. 

The  scarcity  of  bidders  was  due  to  the  fact  that  the  iron  "  boom'bi 
set  in,  and  it  was  almost  impossible  to  get  the  mills,  which  were  c^*' 
whelmed  with  orders,  to  make  contracts  for  iron  for  fature  deliverr.  ^ 

The  hull  was  completed  and  delivered  at  Cincinnati  on  May  10,  !•<' 
The  dredge  crews  were  immediately  set  to  work  to  transfer  the  old  b- 
chiuery  to  the  new  hull  and  to  prepare  it  for  service.  Three  weeks  sft^- 
the  close  of  the  fiscal  year  the  Ohio  began  her  season's  worit 

The  following  tables  show  the  details  of  the  work  done  by  thedredj?-' 
during  the  year  1879 : 

DREDGES  IN  COMMISSIOX,  1879. 

Time  at  work : 

Dredging ^^* 

Wrecking ? 

On  Little  Kanawha  River •' 

Time  lost : 

Traveling •.' 

Accidents ^^ 

High- water , ^ 
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Days. 

Low-water , 17 

SuiulayR - , *23  . 

Total 155 

Total  on  Ohio  River 162 

Work : 

Cubic  yanls  excavation,  gravel,  &c 75,  Glh2.  rt 

Ciibii"  yanls  excavation,  rock ., ..,-    "5, 4>J7. 4 

Total 81,180.2 

Unmber  wrecks  removed 1 

CoBt:  •  ; 

Equipment — 

For  the  season $518  37 

Per  (lay  of  work ^ ^..  5  89 

Per  day  in  commission * 3  41 

Towing: 

For  ihe  season '. ; - 5,095  35 

Per  day  of  work .: :.  57  77 

Per  day  in  commission 33  52 

Salaries : 

For  the  season i 4,9C5  98 

Per  day  of  work : 56  43 

Per  day  in  commission 32  68 

Repairs : 

For  the  season 288  47 

Per  day  of  work 3  16 

Per  day  in  commission 1  90 

« 

DREDGES  OUT  OF  COMMISSION. 

Days. 
Time : 

Jn  ordinary 174 

Annual  spring  repairs ')6 

Total 210 

Coat: 

Balaries  in  ordinary |1,405  00 

Annual  spring  repairs 3,219  68 

Total 4,624  68 

Per  day  in  ordinary 8  08 

expenditures : 

•"•or  dredging $15,401  71 

''or  wrecKing 91  14 

Total  for  1879 15,492  86 

Vr  day  in  commission 119  26 

Vr  day  of  work 182  27 

•er  cubic  yard  gravel,  Slo 18 

'et  cubic  yard  rock 315 

110  E 
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SPECIAL  SURVEYS. 

During  the  extreme  low-water  season  between  October  15  and  Decem- 
ber 31  special  surveys  were  made  to  determine  the  improvement  required 
at  the  following  bars,  viz :  Head  of  Three  Brothers,  Bowland's  Race, 
Sand  Creek,  Oil  Creek,  Puppy  Creek,  Three-Mile  Island,  Blakely  Bar, 
Caseyville,  Tradewater,  Walker's  Bar,  and  Cottonwood  Bar. 

SEDIMENT  OBSERVATIONS. 

• 

The  sediment  observations  onlered  by  department  letter  of  August 
30, 1878,  were  completed  on  Decembei:  30,  1879,  and  the  result  of  tbuft 
observations,  covering  the  entire  year  1879,  has  been  sent  to  Col.  Z.  B. 
Tower,  Corps  of  Engineers,  to  be  turned  over  to  the  Mississippi  Biver 
Gommissiop. 

COMMERCE  OF  OHIO  RIVER. 

It  is  usual  to  obtain  commercial  statistics  from  the  custom-house  re- 
turns, but  as  the  commerce  of  the  Ohio  is  wholly  inland,  and  therefcire 
not  subject  to  duties,  no  official  records  are  kept  from  which  to  obtayi 
its  amount  or  value. 

The  Chamber  of  Commerce  of  Cincinnati  for  its  own  infoi;matiQn  keepa 
a  record  of  the  chief  exports  and  imports  by  boats  and  barges  that  land 
at  this  city,  but  even  these  records  do  not  include  a  large  amount  of 
xsoarse  articles,  such  as  sand,  graveU  riprap,  stone,  &c.,  which  come  by 
flat-boats  and  open  barges,  and  which  are  not  reported  on  'Change. 

The  following  table,  taken  from  the  thirty-first  annual  report  of  the 
Cincinnati  Chamber  of  Commerce  (for  the  year  ending  August  31, 1879). 
gives  the  destination  of  the  principal  articles  exported  from  Cincinnati 
by  water  during  the  year  1878-'9 : 


Articles. 


Alcohol barrels . 

Ale,  beer,  and  porter ...1 do... 

ApploM    do... 

Ba^cjdng piwes . 

Barley bushela . 

ISeatia do  .. 

B*M»I*  Id  barrels pounds. 

Ik'ef  in  tierces do  .. 

Boots  and  shoes cases. 

Bthu,  ship-stiuflE^  Sec tons. 

Brooms dozens. 

Broom-corn pounds . 

Butter oarrels., 

ISutter     firkins  and  kegs.. 

DaucUes boxes . . 

'i^RHtiUflH pieces . 

?aAtiDgs tons. 

."attle   head., 

dement  and  plaster barrels. . 

Chairs dozens.. 

7ti<*4'ae boxes.. 

:otree bags . . 

Cooperage pieces. 

^oiQ bushels.. 

To  m  -meid barrels . , 

;ot  t  on   bales . . 

Jroc-kery,  &c packages.. 

C^j£A boxes  and  barrels. . 

'«^thers bags.. 

'iali barrels.. 

lab  kegs  and  kits.. 

Juur barrels.. 


To  New 
Orleans. 


18 

1,250 

7,525 

2,968 

600 

798 

185,400 

15,300 

659 

"i*234' 

149,600 

218 

12,607 

23.957 

2,988 

267 

98 

134 

2.719 

4.393 

167 

15, 519 

93 

110 

696 

882 

100 

3 

210 

877 

1,071 


Toother 
down-river 
ports.      , 


To  up- 
river  ports. 


Total. 


416  < 

2,887  I 

81. 496  ; 

13,425  I 

11,296  ' 

822 
27,200 
66.640 
14.892 
55 
2;  527  , 
27,900 

00  < 

4,950  I 

10,  721  I 

5,156  I 

760 
1,285  I 
1,752  ' 
2.324  I 
8,613 
18,960  I 
31, 476  I 
3,388  I 
263  I 
88 
3.610  , 
6 


4.638 
8,708 
5,188 


127 

15, 377 

2.376 

10 

4.124 

2, 811 

49,820 

18,360 

14,540 

1.176 

1.329 

260,100 

9 

455 

7,755 

1,180 

116 

772  ' 

12,111 

5,274  I 

9,369  , 

15,706 

0,484 

414,777 

2,933 

4,827  I 

79  ! 

451 

179 

612 

8,035 

52,607 


561 

19,028 

41,397 

16,423 

15,920 

4,431 

262.420 

90,300 

30,091 

1,231 

6.090 

437,600 

317 

18,  012 

42.433* 

9.324 

1,143 

2,155 

14,007 

10,317 

22, 375 

84,842 

56,470 

418,258 

3.315 

5,611 

4,571 

557 

182 

6,460 

17,710 

58^861 
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Articles. 


I    To  New 
I    Orleans. 


Fnilt,  dried bushels. 

Furniture , packajfcit 

GlsMt    , boxt'M. 

GlitHHware paokn^eM, 

Grea*M« tiortTH, 

Hani  ware , boxes  and  caMks 

Hay    ball's 

Hcinp do  . 

Hides number. 

H<>)(H do  -. 

Hog  prmlni't,  bacon pounds. 

BoK  prothict,  hams .  do. . . 

Hojc  pixiduct  barrels. 

HoK  product,  in  b4}xes pounds 

Ho};  product,  bulk do.. 

Hops bales. 

Honuis '. head . 

Iron,  pifT tons. 

Inm  and  steel piwi'S 

Iron  and  st4*el bundles. 

Iron  and  steel tons. 

Lartl  in  tierces , ...pounds 

Lard  in  kegs * do... 

LtMid,  white ;..kegs. 

Leather ^ .. . , bundles. 

Lime barrels 

If  sit bushels . 

Manufactures,  sundry packages. 

Herchandise,  sundry do. . . 

Merchandise,  sundry , tons. 

Kolasses * barrels . 

Kails  kecs. 

Ka%'al  storps barrels. 

Oats bushels. 

Oil barrels. 

Oil-cake tons, 

Onions  ....: barrels  and  sacks. 

Peanuts  hatfS' 

Potatoes barrels  and  sacks. 

Bope,  twine,  dto  packaf;es. 

Rye » bushels. 

Salt barrels. 

Salt bass. 

Seed,  flax sacks. 

Seed,  grass  and  clorer do... 

Sheep head. 

Soap boxes. 

Spices packages . 

Starch boxes. 

Stearine tierces . 

Sugar hoesheads. 

Sugar  Tbarrels. 

TaHow tieroes. 

Tobacco,  leaf hogsheatls. 

Tobacco,  leaf boxes  and  bales . 

Tobacco,  mannfactored packages. 

Vinegar barrels. 

Wheat bushels. 

Whisky barrels. 

Wine  and  liquors ■ do... 

Wine  and  liquors baskets  and  boxes. 

Wool bales. 


1.341 

49, 120 

6.490 

14,198 

30 

4,379 

1,366 

23 


To  other 

down-river 

ports. 


Toap- 
riTer  porta. 


1.872, 
1,190, 


25, 

1«. 

1, 

284, 

2fi, 


2, 

3, 

28, 

1, 

49, 
i, 


31 
570 
020 
131 
500 
600 

50 
222 

66 
675 
293 
107 
130 
865 
524 
190. 
6 
000 
037 
496 
184 

11 

185 

8 

108 

553 


1,411 

11 

2,085 

1,119 


1,096 
50 


1.098 

38,352 

85 

33,583 

5 

3 

96 

18 

283 

111 

1,174 

2,279 

88 

17,422 

249 

2,393 

10 


11, 
19. 
13. 
60, 


20, 

3, 

3,  805. 

806, 

1, 
505, 
380. 

1. 

1, 

.«. 
23. 

12. 

613, 

72, 

21, 

1. 

1, 
36. 

161. 

1, 
2, 

168, 

8. 
21, 


454 

805 
037 
504 
494 
602 
372 
163 
765 
537 
7SM 
HtJ2 
586 
000 
780 
138 
620 
896 
981 
916 
290 
820 
700 
102 
000 
020 
788 
917 
137 
456 
S64 
129 
982 
644 
284 


1,007  , 
521  . 
5,213  I 
4.588  ' 
22,284 
36,175  I 
901 
12  i 
8,373 
430 
48.970 

630  I 

22,760  ■ 

20 

962 

11.141 

38 

754 

814 

12,270 

5^474 

7,096 

43,454 

1,770 

3,917 

708 


10.5ri2 

25,500 

2.131 

5.m 

r>iK 

16,8«<3 
l,«fe>  , 
311  I 
18,439 
14,299 
4,381,980 
1,569.617 
5.504 
4,684,000 
6,772,355 
14.299 
3,342 
1,432 
23,750 
3.387 
1,303 
1,416.670 
24.980 
19.805 
2.333 
fi.809 
25,404 
541 
206,282 
210 
U.527 
3,750 
888 
181.670 
11,915 
5 
294 
4,177 
13,984 
1.455 
9,942 
870 
30 
590 
13.009 
241 
38.801 
132 
18,536 
247 
2,420 
12,832 
175 
5,904 
972 
11.001 
1,434 
113,822 
2^082 
1,839 
1,067 
1,327 


Toul 


79. '"K 

i.m: 

few* 

1" 

r "' 

14.  <»  > 

3.::j.^:« 

4  '» 

If 
13Ut 

41,  C 
I. 

war 


3 

r 


I  r 

4  J. 


This  tablo  embraces  solely  such  exports  as  are  daily  reported  on  the  books  d  tfc' 
Merchauts'  Exchange,  but  does  not  include  any  movement  embracsed  in  sapplen)*''}^'*- 
reports  or  returns.    (See  crockery,  cooperage,  horses,  oil,  pig-iron,  salt,  ana  rtaitk 

The  reports  on  these  latter  articles  do  not  separate  the  shipmenb  ^J 
river  from  those  by  rail  or  canal,  and  they  cannot  therefore  be  iwrf^'' 
complete  the  table. 

The  following  table,  compiled  from  the  report  above  named,  shows  tbf 
number,  tonnage,  and  movements  of  steamboats,  tow-boats,  and  modfl 
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barp:es  which  plied  between  Cincinnati  and  other  ports  during  the  year 
ending  August  31,  1879: 


• 

i 

98 

130 

84 

a 

1 

H 

38,866 
22.916 
21,787 

Arrivals   of  steam- 
boats. 

Departure 

of  tteamboata  for— 

1 
New  Orleans. 

1 

Pittebnrgli. 

i 

1 

Other  ports. 

1 

Steiun  boats 

Tow-lioats   

Mof lei  barires - * -. 





Total 

313 

83,569 

2,725 

97          162 

75 

2,396 

2,7a« 

STEAMBOATS  AND  MODEL  BARGES  BUILT  AT  CINCINNATI  DURING  THE  YEAR. 

Stoamboata  12        Tonnage 6,832 

Model  bargee 3        Tonnage 810 


15 


7,642 


Schedule  of  ralea  hy  river  on  fourih-clasa  freight  from  Cincinfiatiy  during  year  ending 

AugMt  31,  187U. 


!    ^ 


Uighost 
Loweafc 


Cent». 
15 
15 


' 

• 

^ 

• 

fl 

Louisville. 

Saint  Loai 

S 

t 

» 
^ 

Oenti. 

CmtM. 

Genu. 

Cents. 

10 

15 

25 

4t 

10  1 

10 

20 

29 

The  summary  of  the  present  status  of  the  river  commerce  of  Cincinnati 
is  thus  stated  in  the  report: 

T«)  Hiiin  up  the  whole  year's  work,  the  general  situation  is  encouraging.  The  char- 
aott^r  of  the  boats  is  stea<lily  improving.  The  popularity  of  river  travel  is  increasing, 
wliu'h  is  being  the  more  stimulated  by  regular  methods  of  departure  and  amval.  Im^ 
portaiit  ])robIems,  it  is  true,  remain  to  be  solved,  but  in  the  main  the  river  interest  of 
Cinriiinati  enters  on  the  new  year  with  the  reasonable  promise  of  fair  compensation 
to  itself,  and  promise  of  increased  usefulness  to  the  |>eop]e  of  the  great  district  tribu- 
tary to  this  city. 

At  Pittsburgh  the  only  available  statistics  are  those  kept  by  the  coal 
e^c'hjinge,  and  these  refer  exclusively  to  their  own  business.  They  are 
as  follows : 

Coal  Hhipped  during  1K79 bushels..  62,015,300 

L'oki*  shipped  during  1879 bushels..     3  572,700 

Total : 65.58f<.000 

This  is  a  decrease  from  1878  of  11,237,255  bushels,  due  to  strikes  at 
the  mines. 

There  are  no  other  statistics  that  can  be  obtained  without  p:reat  labor. 
Fii  1  S(>9  my  predecessor,  Mr.  W.  Miliior  Koberts,  caused  to  be  com])iled 
IS  accurate  a  statement  of  the  value  of  Ohio  River  commerce  as  could 
)e  obtained,  And  he  concluded  that  its  animal  value  was  $(]94,()()0,O00. 
[  tliiiik  that  this  estimate  is  somewhat  too  large,  but  I  have  no  reliable 
rneaii8  of  checking  it. 
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WORK  DURING  ISSO-'Sl. 

The  approved  prograuiine  for  the  ensuing  year  is  as  follows: 

WoMt  will  be  continued  on  the  Davis  Island  Dam ;  and  it  is  lioped 
that  the  river  wall  of  the  lock  will  be  finished  before  winter,  so  that  the 
coffer-dams  may  be  removed. 

The  snag-boat  will  patrol  the  river  as  usual. 

The  dredges  will  work  between  Brush  Creek  and  Louisville. 

Work  will  be  continued  on  the  dikes  at  Four- Mile  Bar,  the  dike  at 
Portland,  and  the  dikes  at  the  Grand  Chain.  The  dikes  at  Foar  Milt 
will  probably  be  completed,  ard  possibly  the  others  also;  but  the  latter 
are  more  affected  bv  rises  in  the  river,  and  it  is  difficult  to  secure  a  koi 
ficiently  long  season  for  effective  work. 

ESTIMATE  FOR   1881-'82. 

During  the  fiscal  year  1881-82  funds  will  be  required  for  continoiiij 
work  on  the  Davis  Island  Dam,  for  the  current  expenses  of  reinorin: 
snags  and  of  dredging  for  the  removal  of  rocks,  for  the  constniiti^s 
of  dikes  and  dams,  and  for  office  and  miscellaneous  exi>en8e8  aod  <it 
tingencies. 

The  appropriation  of  June  14,  1880,  for  the  Davis  Island  Dam  ns 
too  small,  and  too  long  delayed  to  secure  satisfactory  results  duriiisrti!' 
present  season.  It  is  expected,  however,  that  the  lock  will  be  complrft^ 
to  at  least  such  a  height  as  will  permit  the  removal  of  the  coffeidaEs 
and  thus  save  the  difficulty  and  cost  of  i)rotecting  them  from  tlie^^i 
ter's  ice. 

For  continuing  operations  on  this  work  we  need  at  least  $200,(Wi 
and  I  would  earnestly  request  that,  whatever  reductions  may  bef«>.' 
necessary  in  the  appropriations,  this  sum  be  left  intact. 

For  the  annual  expenses  of  snagging,  $25,000  is  needed. 

For  the  annual  expenses  of  dredging,  $16,500  is  needed. 

For  the  removal  of  loose  rocks  and  bowlders,  we  ought  to  Lavf" 
least  $5,000.  This  work  can  only  be  done  in  very  low  water,  and  h^^^ 
can  extend  over  but  a  short  period.  Similar  work  heretofore  douf  ^' 
given  very  great  satisfaction. 

There  are  so  many  dikes  and  dams  yet  to  be  built  on  the  Ohio  Ri^^^ 
that  it  is  embarrassing  to  select  those  that  should  first  receive  atiei- 
tion.  The  following  are  among  those  most  needed;  they  are  named^ 
the  order  of  their  distance  from  Pittsburgh : 

Merrimarij  10  miles  below  Fittshurgh. — This  bar  was  once  the  ^^^ 
formidable  of  all  the  obstructions  to  coal-barge  navigation.  It  is  n<w 
sary  to  make  a  square  crossing  to  the  right  bank,  and  nearly  evenrJ^ 
of  coal  paid  toll  to  Merriman  in  the  shape  of  one  or  more  staiuii^f^ 
barges.  In  1871  a  contract  was  made  for  deepening  and  gtraightenis;* 
this  passage  by  dredging,  and  3,799  cubic  yards  were  removed.  I" 
1872  the  United  States  dredge  Ohio  removed  15.049  cubic  yanls,  matiafl 
a  total  of  18,849  cubic  yards.  As  the  result  or  this  work  the  dan?^ 
of  the  passage  were  almost  wholly  removed,  although  the  crossiD|:*till 
remained  difficult. 

Since  then  the  isolated  bar  below  the  crossing,  which  acted  as  a  tii«^^ 
to  hold  up  the  water,  has  been  considerably  reduced  in  height,  m 
during  coal-boat  stages  a  large  body  of  water,  which  is  much  Beetiw 
in  the  channel,  wastes  over  this  bar.  It  would  be  injudicious  to  do  aijv 
more  dredging,  and  the  only  available  remedy  is  the  construction^^  jj 
fiuiooth  delecting  dike,  which  will  not  only  hold  uj)  the  water,  bat  «i" 
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also  prevent  boats  from  drifting^  on  to  the  bar.    This  dike  should  be 
about  l,oOO,feet  long,  and  its  approximate  cost  would  be  $22,000. 

Brown's  Island^  60  miles  below  Pittsburgh, — The  old  dam  behind  this 
island,  which  was  built  in  1837,  now  requires  repair.  This  work  will 
cost  about  $24,000. 

The  TwinSj  84  miles  below  Pittsburgh, — The  dam  closing  the  left-hand 
channel  at  the  upper  Twin  should  be  raised,  as  too  much  water  wastes 
through  the  back  channel.  This  dam  is  2,800  feet  long.  It  was  built 
in  1844,  and  was  repaired  in  18(57,  1809,  1871,  and  1872.  It  is  whoUy 
composed  of  riprap  stone.  Experience  has  shown  that  some  more  durable 
method  of  construction  is  a  necessity,  and  it  is  therefore  proposed  to  cap 
the  existing  low  dam  by  a  sui^erstructure  of  crib  work  in  the  manner 
which  has  ])roved  so  efficacious  at  White's  and  tlie  Traj>. 

The  ai^proximate  cost  of  this  sujierstructure  will  be  $20,000. 

The  BrotherSy  157  miles  below  Pittsburgh. — The  dam  from  the  left  bank 
to  the  head  of  the  middle  Brother,  begun  in  1864  and  left  unfinished, 
shouhl  be  completed.  The  addition  will  be  about  2,200  feet  long,  and 
the  tot^il  cost  will  be  about  $15,000. 

Sand  Creeky  219  miles  below  Pittsburgh, — A  dike  1,200  feet  long  is 
needed  to  confine  the  channel  over  the  bar.    Estimated  cost  $18,000. 

Twelve  Pole,  311  miles  below  Pittsburgh.^This  is  a  particularly  objec- 
tionable bar,  as  it  occurs  5  miles  below  the  western  terminus  of  the 
Chesapeake  and  Ohio  Kailroad.  A  dike  2,200  feet  long  from  the  Ohio 
shore  would  improve  this  well-known  sticking  pla^e.  The  estimated 
cost  of  this  dike  is  $33,000. 

MedoCy  485  miles  below  Pittsburgh, — A  contract  for  improving  this  bar 
by  a  dike  from  the  Kentucky  shore  was  let  in  1869.  Experience  has 
since  shown  that  the  dike  should  have  been  built  on  the  Ohio  side.  As 
the  present  work  does  not  iiccomplish  its  purpose,  I  would  recommend 
that  a  dike  be  built  from  the  Ohio  shore,  and  that  the  existing  dike  be 
removed  by  dredging.  A  new  dike,  2,000  feet  long,  will  probably  cost 
$30,000. 

OunpowdeTy  508  miles  below  Pittsburgh, — This  is  one  of  the  worst  bars 
betw^een  Cincinnati  and  Louisville.  It  is  believed  that  a  crib-dike  from 
the  Indiana  shore,  2,500  feet  long,  would  remedy  the  difficulty.  Estimated 
cost  $37,500. 

Flint  Islandy  682  miles  below  Pittsburgh, — A  dike  extending  downward 
from  the  foot  of  the  island  will  improve  the  bad  crossing  at  this  place. 
It  should  be  3,500  feet  long,  and  its  api)roximate  cost  will  be  $84,000,  or 
$24:  i)er  foot.  The  increase  in  cost  per  running  foot  over  the  dikes  above 
Louisville  is  due  to  the  shifting  nature  of  the  bottom,  which  scours  to 
greater  depths,  and  therefore  requires  sulditioual  protection. 

Oil  Creekj  683  miles  below  Pittsburgh. — This  bar  and  the  preceding  are 
really"  one  long  bar.  To  improve  the  crossing  at  this  place  will  require  a 
dike  3,000  feet  long,  at  an  estinated  cost  of  $72,000. 

Puppy  Creeky  7 'iS  miles  below  Pittsburgh, — This  is  now  the  worst  bar 
below  Louisville,  the  depth  over  it  often  not  exceeding  2  feet.  To  improve 
it  a  dike  3,200  feet  long  should  be  built  from  the  Kentucky  shoi^e.  It 
will  cost  $76,800. 

Scuffletowuy  764  miles  below  Pittsburgh. — This  bar  was  improved  in  1832, 
but  the  work  has  nearly  disappeared.  A  dike  on  the  same  side  as  the 
old  dike,  but  differing  somewhat  from  it  in  alignment,  would  probably 
remove  the  cause  of  complaint  at  this  bar.  Its  length  will  be  3,000  feet, 
and  its  approximate  cost  $72,000. 

Caseyvilley  860  miles  below  Pittsburgh, — This  bar  is  often  the  shoalest 
between  Evansville  and  Cairo.    I  would  recommend  the  construction  ot 
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a  dike  from  the  Kentucky  shore,  having  an  approximate  length  3,.^ 
feet,  at  an  estimated  cost  of  $84,()00.  It  may  be  foand  necessary  Id  the 
future  to  run  out  another  dike  from  Battery  Hock  on  the  Illinois  shore, 
but  it  is  advisable  to  postpone  this  for  the  present. 

Walker^js  Bar,  870  miles  below  Pittsburgh. — ^This  bar  was  atone  tiroethe 
shoalest  below  Evans\ille,  but  the  scraping  done  some  years  ago  by  the 
Octavia  helped  it  greatly.  It  is  desirable,  however,  that  this  bad  cros^ 
ing  should  be  permanently  improved.  This  can  be  done  by  building  a 
dike  from  the  Illinois  shore  4,000  feet  long,  at  an  estimated  cost  of 
$90,000. 

To  provide  for  office  expenses,  the  cost  of  engineering,  inspection,  &t, 
the  sum  of  $25,000  will  be  needed. 

Summing  up  the  above,  we  have  the  following 

ESTIMATE. 

DavU  Island  Dam |200j»» 

Snac^ing 25J«< 

Dredgiug 16,  W 

Removing  rocks 5,'** 

Dams  and  dikes : 

Merriman ^ Si^'* 

Brown's  Island *i4."< 

The  Twins iO.'^l 

The  Brothers 15.'»« 

Sand  Creek !""♦ 

Twelve  Pole .«..   Ji."^ 

Medoc 3i».'H 

Gunpowder X,'«< 

Flint  Island _ ?1"' 

Oil  Creek 7i '« 

Puppy  Creek T6^ 

Scuffletowu n* 

Casey ville :   »^4'^ 

Walker's  Bar ^.* 

Office  expenses,  engineering,  inspection,  &c 2n.** 

Total 9;u*« 

1  would  recommend  that  no  special  allotment  be  made  for  the  l)a^"» 
Island  Dam,  but  that  the  title  of  the  appropriation  be  "for  the  impro^'^ 
ment  of  the  Ohio  River,  including  the  Davis  Island  Dam."  The  obk^i 
of  such  a  wording  is  to  authorize  the  Chief  of  Engineers  to  make  ^^^\ 
an  allotment  as  will  enable  the  engineer  in  charge  to  take  advauta^'^?'^ 
all  favorable  opportunities,  and  to  prosecute  the  work  with  energy  j^^ 
economy.  All  parties  concerned  in  navigating  the  Ohio  are  agree<l  ty* 
inasmuch  as  the  work  has  been  begun  it  should  be  carried  on  witb  tU 
utmost  energy. 

Money  statement. 

July  1,  1^79,  amount  available $339, 109  50 

Amount  appropriated  t^y  act  approvedJune  14,  IddO 3250,000  00 

July  1,  1880,  amouut  exjjended  during  fiscal  year 234, 479  96 

July  1,  1880,  outstanding  liabilities 3, 648  78 

July  1,  1880,  umoaut  available • :m^''^ 

Amouut  that  can  be  profitably  expcuded  in  fiscal  year  ending  June  30, 18S2    HjV'.  ?'■'  '^' 
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THE  LA  MULATlfeRE  DAM  ON  THE  SA6nE  AT  LYONS. 

DESCRIPTION   OF  THE  NEW  SYSTEM  OF  WICKETS  ADOPTED  FOE  THIS 

DAM. 

By  A.  Pasquean,  Engineer  dea  Fonts  el  ChaussSes. 

PREFACE. 

Lyons,  1879. 

The  movable  dam  which  we  are  now  building  at  La  Mulatiere,  near 
Lyons,  is  situated  directly  at  the  junction  of  this  river  with  the  Rhone.  It 
had  to  satisfy  certain  special  and  difficulty  conditions  which  led  to  the 
successive  rejection  of  all  the  systems  thus  far  tried  or  proposed.  After 
live  years  of  research  we  have  succeeded  in  devising  a  new  type  of 
movable  dam  which  seems  to  answer  all  the  requirements  of  the  situa- 
tion, and  which  could  be  advantageously  employed  for  all  dams  of  high 
lift  which  require  wide  passes  unobstructed  by  piers. 

By  a  decision  of  March  31, 1879,  the  Minister  of  Public  Works  defi- 
nitely approved  of  our  system  for  the  dam  at  La  Mulatiere,  speaking  of 
it  in  very  flattering  terms(*).  We  here  beg  leave  to  tender  him  our 
hearty  thanks. 

Ill  order  to  be  able  to  reply  at  once  to  the  questions  which  have  been 
aildressed  to  us  on  the  subject  of  this  dam,  we  have  summed  up  in  this 
descrii)tion  the  principal  innovations  which  characterize  our  system, 
and  the  advantages  which  result  therefrom. 

description  of  the  new  system  of  wickets  approved  for  the 

DAM  AT  LA  MULATlfeRE. 

defects  of  former  systems. 

In  existing  dams  with  movable  wickets,  the  latter  are  lowered  by 
tueans  of  a  tripping-bar  which  slides  on  rollers  fastened  to  the  floor,  and 
s  moved  by  complicjited  machinery  placed  in  the  abutments  of  the 
lam,  and  in  piers  built  in  mid-river  to  I'eceive  it. 

When  this  machinery  is  set  in  motion,  the  projections  on  .the  trip- 
[)inir-bar  su(*cessively  force  the  props  into  the  runways  of  their  coitcs- 
>onding  hurters,  and  the  wickets  fall  rouglily  on  the  floor. 

This  arrangement  presents  serious  objections. 

Tlie  width  of  a  single  pass  is  limited,  at  most,  to  from  130  to  IGO  feet, 
)y  tlie  necessity  of  securing  sufticient  travel  for  the  lugs  on  the  trip- 
)iin^  bar,  (')and  suitable  mobility  for  the  a]>paratus  required  for  throw- 
n<if  down.  To  obtain  this  width  it  even  becomes  necessary  to  let  down 
he  wickets  in  groops  of  two  or  three  towards  the  last,  and  to  use  two 
lipping-bars,  of  from  (55  to  80  feet  each,  acting  in  opi)08ite  directions  on 
»ach  one  of  the  two  halves  of  the  same  pass.  Hence  the  impossibility 
>f  using  this  system  on  passes  exceeding  160  feet,  without  dividing  them 

( ')  See  Note  1.  (*)  See  note  12.  (3)  See  note  2. 

XoTE. — It  should  be  distiuetly  imtlerBtood  that  theM.VHtem  of  movable  dam  proposed 
»y  n.s  lor  The  anieli oration  of  the  navigation  of  the  Rhone  has  no  connection  with 
hat  which  \n  the  subject  of  the  present  ]iamphlet. 

Th«*  MVsteni  wliieh  >ve  ]>ropose  for  the  Khoiie  has  been  dednced  from  the  high-bridge 
ysteiii  of  Taveniier,  which  leaves  tb«5  hill  entirely  free  for  tht^  paKsage  of  gravel,  and 
^  bi<-h  on  this  account  is  jiarticnlarly  suitable  for  the  ini])r()venient  of  this  river. 

With  this  in  view  we  made  a  study  of  two  modi  ticat  ions.  The  tirst  was  the  subject 
f  :iii  iirtide  under  date  of  May  If),  1^77.  The  second,  which  is  more  practical,  is  de- 
rribrd  in  our  general  study  of  the  improvement  of  the  Rhone,  of  which  the  litho- 
;ra}>h  was  dated  August  15,  lt<7S. 
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by  large  intermediate  pi^ra^  which  are  dangerous  to  navigation  when  the 
dam  is  entirely  down. 

With  the  tri])])ing-bar,  the  wicket,  at  the  moment  of  trippin?,  falls 
violently  from  its  full  height  to  its  blocks.  This  method  of  operating, 
then,  in  spite  of  the  cushion  of  water  formed  by  the  lower  i)ool,  prodaifs 
violent  shockSj  which  are  admissible  for  wickets  of  limited  dimension!^ 
but  which  would  constitute  a  real  danger  for  wicket-s  of  3,500  to  4AKN) 
pounds,  falling  on  the  tloor  from  a  height  of  from  13  to  16  feet.  Slori- 
over,  tliese  shocks  absolutely  lu'ohibit  the  adoption  of  wicket*  entirely 
of  iron,  the  use  of  which  is  more  and  more  justilied  by  the  increiWii 
price  of  wood  and  the  increasing  height  of  ])rqject-ed  wicket*.  ^ 

In  the  system  now  used,  the  lowering  of  wickets  takes  place  in  ^prf- 
scribed  order j  and  if  a  wicket  refuses  to  fall,  all  the  rest  of  the  dam  niu>r 
remain  up.  If  the  dam  is  partly  caught  by  the  ice,  it  is  iraixiseible t- 
lower  the  i)ortion  that  is  free,  and  thus  rtjducc  the  ftill  so  as  to  \)e  abi^ 
to  disengage  the  rest. 

The  tripj)ing-bar  is  a  frail  ami  delicate  member^  which  ex)mplicates  tb? 
dam  with  a  great  number  of  adjustments  wliich  are  hard  to  makeaEii 
hard  to  keep  in  onler.  If  a  stone  gets  between  one  of  the  lugs  andn? 
hurter,  if  a  cap  of  ice  forms  on  a  wicket,  we  are  foi'ce^i  to  break  tlie  rrij^ 
ping-bar,  and  to  give  up  opening  the  dam  by  this  method. 

All  the  parts  are  placed  under  water,  or  in  wells  inconvenient  ots 
cess.    Repairs  and  inspection  by  divers  are  difficult  and  dangerouv 

DOUBLE  STEPPED   OR    INDENTED  HITRTER. 

We  have  overcome  these  disadvantages  by  the  following  imi^nv- 
ment :   The  tripi)ingbar  and  its  accessories  have  been  entirely  s' 
pressed.    The  hurter,  in  front  of  the  ordinary  step,  which  we  wil!- 
the  resting  step  (cran  d^ arret)  has  a  second  step  whose  vertical  face  i<^' 
a  very  shar[)  angle  with  the  axis  of  the  runway. 

This  second  step,  we  have  named  the  sliding  step  (cran  de  deptiriu^ 
we  call  the  w^hole  hurter  thus  moditie4  a  doxMe'Stepped  hurter  i^i* 
siere  a  deux  crans,) 

The  raising  of  the  wickets  takes  place  as  in  the  ordinary  system.  Tv 
operator  pulls  on  the  breech  chain  until  the  prop  falls  upon  the  re^tnij 
step.  He  is  notified  of  this  fact  by  the  noise  of  the  prop  fallin<j  u|p^ 
the  hurter,  or  by  the  arrival  at  the  windlass  of  a  link  marked  tor  iiii> 
purpose.  It  then  oidy  remains  for  him  to  shick  oft'  the  chain  by  uifts^ 
of  the  brake  in  order  to  set  up  the  wicket  and  close  the  correspoudJi; 
part  of  the  pass. 

The  lowering,  on  the  contrary,  is  effected  in  our  systetn  in  a  manD<'' 
entirely  novel  and  exceedingly  simple. 

To  lower  the  wicket  it  is  only  necessary  to  draw  upon  the  breeciich^-r' 
until  the  wicket  is  swung ;  then  continue  the  pull  until  the  prop  f«*^l^ 
down  its  sliding  step,  and  then  slowly  pay  out  the  chain  by  means  of  tbe 
brake  on  the  windlass.  The  prop  spontaneously  directs  its  course  toicnf^^* 
the  runway  by  the  action  of  the  oblique  plane  forming  the  vertical  f*^ 
of  this  step,  and  the  wicket  falls  gently  upon  the  floor  without  flwjf  ^^''^ 
of  shock,  as  if  the  hands  of  the  lock-keeper  had  laid  it  down  upon  tlii' 
blocks  placed  to  receive  it. 

Our  system  of  double-stepped  hurter s  entirely  does  away  with  tbe  trip 
ping-bar  and  the  inconveniences  wiiich  accompany  its  use.  Each  vic^'*"^ 
is  entirely  independent  of  its  neighbors.  It  contains  in  itself  ever^lltJnr 
required  for  manixiulation,  both  for  raising  and  lowering. 
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ADVANTAGES   OF    THIS  HUETER. 

Our  system,  then,  presents  the  following  advantages: 

1.  With  the  tripping-bar  the  width  of  a  single  pass  is  limited  to  160 
feet.    To  attain  a  greater  width  intermediate  piers  are  necessary. 

With  our  donhle-Htepped  hurter  the  pass  can  have  any  dexired  icidthy 
for,  as  each  wicket  contains  its  own  working  parts,  it  becomes  possible 
to  place  many  hundred  of  them  in  succession,  one  after  the  other,  icith- 
out  any  intermediate  pier. 

By  means  of  this  im])r()V(»ment  the  pass  of  the  <lam  which  we  are  now  • 
actually  constructing  on  the  Sa6ne,  at  La  Mulatiere,  near  Lyons,  will 
have  a  width  of  340  feet,  and,  without  any  intermediate  pier,  it  will  in- 
clude tlic  entire  free  width  of  river  between  the  lock  and  the  dividing 
dike  ot*  Perrache.  This  advantage  is  keenly  appreciated  by  boatmen  on 
account  of  the  excejitional  leugih  of  the  boats  which  frequent  the  Uhone^ 
and  of  the  pronounced  oblitpiity  of  the  La  Mulatiere  bridge,  a  short 
distance  above  the  dam,  witli  the  general  axis  of  the  river. 

This  peculiarity  of  our  system  could  likewise  be  of  great  service  in 
the  dams  now  in  course  of  construction  on  the  rivers  of  North  America^ 
which  are  traverse<l  by  rafts  of  exceptional  width,  and  also  in  the  dams 
which  will  sooner  or  later  bo  built  on  the  great  rivers  of  Euroi)e,  near 
their  mouths,  in  the  portions  which  are  frequented  by  sailing  vessels. 

2.  With  the  tripping-bar,  lowering  takes  place  roughly,  and,  near  the 
end  of  the  opei^ation,  by  groui)s  of  wickets. 

With  the  double  stepped  hurter  it  takes  place  without  any  Mnd  of 
shocl'j  and  the  wickets  are  le<l  by  hand  quite  down  to  the  blocks  i)laced 
to  receive  them.  It  then  becomes  possible,  with  this  method  of  lower- 
ing, to  build  wickets  considerably  higher  than  13  feet,  and  to  use  noth- 
ing but  iron  for  the  panels,  as  we  have  done  with  those  of  the  dam  at 
La  Mulatiere. 

3.  With  the  tripping-bar  the  lowering  takes  phice  in  a  prescribed 
order,  and  a  single  obstinate  wicket  may  stop  the  whole  operation.  In 
our  system  the  lowering  can  go  on  in  any  order  whatever.  If  a  dam- 
aged wicket  requires  attention,  if  the  dam  has  been  partly  caught  in  the 
ice,  it  is  possible  with  our  hurter  to  lower  all  the  free  wickets,  and  to 
return  to  the  others  after  having  obliterated  the  fall  by  this  partial 
lowering. 

4.  The  tripping-bar  is  a  frail  and  complicated  member.  The  double- 
8te])ped  hurter,  on  the  contrary,  is  so  siuiple  and  rustic  thjit  any  chance 
of  breaking  or  of  injuring  this  part  of  the  mechanism  seems  altogether 
improbable. 

By  thus  suppressing  the  most  delicate  and  the  most  inaccessible  part 
of  the  wicket-dam,  repairs  and  examinations  will  be  more  rare  and  less 
exjiensive. 

5.  With  the  tripping-bar  we  are  compelled  to  build  the  whole  pass 
simultaneously,  in  order  to  lay  and  test  the  tripping-bars  which  pass 
across  its  entire  length.  With  the  double-stepped  hurter  it  becomes 
easy,  by  means  of  intermediate  coffer-dams,  to  divide  into  any  number  of 
parts  the  construction  of  a  pass,  just  as  we  are  now  doing  with  the  dam 
at  La  Mulatiere.* 

6.  With  the  tripping-bar,  and  the  shocks  which  result  from  its  use,  it 
is  impossible,  or,  at  the  very  least,  quite  dangerous,  to  lower  wickets  of 
13  feet  under  falls  exceeding  2i  feet. 

With  the  double-steppe<l  hurter  the  power  required  to  lower  wickets 

•  See  note  3. 
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of  14J  feet  under  falls  of  5  feet  is  much  less  than  that  which  the  wind- 
lass must  be  able  to  exert  for  raising.  It  then  seems  i>o$sible  with  tbU 
system  to  lower  without  danger  wickets  of  large  dimensions  under  very 
heavy  falls.* 

Besides,  with  our  system  it  is  possible  to  calculate  exactly  the  power 
required  for  lowering,  and  the- dimensions  of  the  parts  necessary  to  g:ive 
such  power;  while  with  the  tripping-bar  it  is  impossible  to  foresee  the 
strains  to  which  it  will  be  subjected,  and  which  so  often  produc*e  the 
rupture  of  this  piece,  in  spite  of  the  excessive  weight  which  experienn 
has  gradually  been  compelled  to  give  it. 

7.  With  the  tripping-bar  the  crest  of  the  dam  cannot  be  lowered  ei- 
cept  by  inadmissible  complications. 

With  our  system  of  lowering  it  is  very  easy  to  add,  l>elow  the  resting 
step,  a  thinl  step,  by  which  we  can  give  to  the  wicket  at  will  a  mnch 
greater  inclination  to  the  vertical,  and  can  fix  the  crest  of  the  dam  at^ 
say,  IJ  feet  below  the  normal  level  of  the  pool.  To  lower  the  dam  \df% 
held  at  the  third  step,  we  have  only  to  pull  the  wickets  up  to  the  slidin;; 
step,  without  stopping  on  the  first  resting  step,  and  then  to  pay  out  tlif 
chain  as  in  the  first  case. 

We  call  this  second  resting  step  the  redticing  step  {Cran  de  redudm, 
and  the  hurter  with  three  or  more  steps  indented  hurter  {glmier(4 
cr^maillere). 

As  a  matter  of  experiment,  we  propose  to  apply  the  reduciug  >tf? 
to  some  of  the  La  Mulati^i*e  wickets. 

8.  In  the  preliminary  project  which  we  drew  up  for  La  Mulatien?  t^ 
cording  to  the  old  system,  the  tripping-bars  with  intermediate  pier  vht 
estimated  to  cost  $11,000.  In  our  project  as  finally  approved  ^it^ 
double-stepped  hurter,  this  expense  is  entirely  saved. 

Our  system  then  effects  a  marked  economy^  aside  from  the  other  adrf 
tages  which  it  presents,  t 

VARIOUS  IMPROVEMENTS. 

The  wickets  which  we  are  building  for  La  Mulatiere  have  also  the  f© 
lowing  improvements: 

A.  Experience  with  the  Ile-Barbe  dam  shows  that  wooden  witto 
hardly  last  ten  years,  while  the  iron  lock-gates  at  the  same  dam  areyei 
entirely  sound.  We  have  therefore  Wholly  excluded  wood  from  on: 
dam. 

The  panels  of  the  wickets  Jire  14.3  by  4.6  feet.  They  are  formed  i-f 
two  bars  of  U  iron  7  J  by  |  inches,  brought  within  2.95  feet  of  each  oth*?: 
in  order  to  reduce  the  length  of  the  head  of  the  horse.  Tbey  are  eoveii<i 
by  YV-inch  plate-iron  projecting  10  inches  beyond  the  uprights,  sop 
ported  by  brackets  and  stiffened  at  the  edge  by  a  2|-iuch  angle  in«i. 
A  casting  forming  a  part  of  the  counterweight  answers  for  the  fastening 
of  the  handle  of  the  breech. 

B.  A  flutter  valve,  5  feet  by  3,  is  placed  in  the  chase  to  form  a  partial 
outlet,  and  to  facilitate  the  regulation  of  the  pool.  It  is  held  in  \)\^ 
by  a  bell  crank  which  has  the  necessary  property  of  keeping  it  shat 
more  and  more  firmly  under  increasing  water  pressure  when  the  wiiket 
is  up,  and  also  under  the  action  of  boats,  or  of  the  current  when  it  i^^ 
down.  It  is  easily  worked  from  the  foot-bridge  by  mciMis  of  a  pole  witi^ 
a  head  like  that  of  a  cane,  which  is  supported  by  a  light  derrick. 

G.  The  old-style  journal  boxes  of  the  horse  with  their  wooden  Nvetlgi-'' 
are  unsuitable  for  large-sized  wickets.     The  journal  boxes  with  jhw ws 

*  See  Dote  4.  t  Sco  note  7. 
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or  keys,  since  tried  or  proposed,  cannot  be  dismounted  after  a  few 
months'  immersion.  We  have  got  rid  of  these  troubles  by  suppressing 
the  h>wer  axle  of  the  horse-  A  Bessemer  steel  journal  box  with  three 
checks  receives  the  two  lower  eyes  of  the  uprights  ot  the  horses  of  two 
adjjicent  wickets,  and  holds  them  by  a  steel  bolt  23  inches  in  <liameter, 
with  washer  and  pin  at  each  end.  Even  should  there  be  a  thick  coat- 
ing of  rust  aiid  scale,  it  will  always  be  easy  to  cut  one  of  these  pins 
with  a  chisel,  and  to  dismount  a  wicket  by  driving  out  the  bolt. 

1).  We  have  whollv  discarded  the  old  wooden  sdl,  whose  renewal  was 
accompanied  bv serious  difficulties.  In  place  of  it  we  use  a  cast-irou 
sill  from  1 J  to  2J  inches  thick,  which  will  last  as  long  as  the  floor  itself. 

K.  At  La  Mulatiere  the  wickets  will  be  worked  both  in  raising  and 
lowering  by  a  very  small  steam-iciiullasH  traveling  on  a  service  bridge. 
Tiie  same  windlass  will  perform  the  four  operations  of  lowering  and 
raising  the  wickets  and  the  trestles  with  attached  flooring.  By  this 
means  we  can  raise  the  dam  in  ejght  hours  and  lower  it  in  four  and 
one-half  hours;  that  is,  work  the  entire  pass  of  340  feet  which  we  are 
building  at  La  Mulatiere.* 

WUm-SPAN   TBESI'IJES. 

The  service  bridge  designed  to  carry  the  windlass  presents  the  follow- 
ing innovations: 

L  Up  to  the  present  time  the  trestles  have  been  made  to  equal  the 
wickets  in  number,  andthe  depth  0/  the  trench  necessary  to  shelter  them 
when  down  has  rapidly  increased  with  the  height  of  the  bridge.  At  La 
Mulatiere  for  a  bridge  raised  20  feet  above  the  sill  this  arrangement 
would  require  trestles  23J  feet  high,  lying  six  ranks  deep,  and  necessi- 
tating a  trench  4  feet  in  depth,  which  would  have  increased  to  intoler- 
able proportions  the  danger  of  silting  up  and  the  difficulties  of  working. 

To  avoid  these  inconveniences  we  have  provided  a  wide-span  service 
bridge^  placing  the  trestles  9.8  feet  apart^  and  opposite  the  even-num- 
bered wickets.  These  trestles,  when  down,  superpose  in  only  three 
ranks,  and  thereby  we  have  been  enabled  to  reduce  the  depth  of  the 
trench  to  28  inches,  to  diminish  the  chance  of  silting  up,  to  increase  the 
rigidity  of  the  trestle  while  at  the  same  time  diminishing  the  total 
weight  of  bridge,  and  to  reduce  to  22.3  feet  the  total  height  necessary  in 
order  to  have  the  flooring  19.7  feet  above  the  sill. 

2.  The  removal  of  the  bridge-planks  by  hand  and  their  transportation 
to  a  storehouse  at  every  flood  becomes  impracticable  with  the  weight 
they  must  have  for  dams  of  high  lifts.  We  have  therefore  hinged  each 
section  of  the  flooring  to  the  corresponding  trestle,  and  each  trestle  car- 
ries down  with  it  the  part  of  the  flooring  which  is  fastened  to  it,  an 
arrangement  similar  to  that  formerly  tried  on  the  Cher. 

3.  In  the  dams  of  the  Cher  each  section  of  the  flooring  hooks  on  to 
the  axle  of  the  section  that  preceded  it.  The  sections  are  longer  than 
the  intervals  between  the  trestles,  and  each  section  finds  itself  caught 
under  the  succeeding  trestle  when  the  whole  are  let  down  on  the  bottom. 

The  superposition  of  the  sections  of  the  flooring  therefore  immoderately 
increases  the  depth  of  the  trench,  and  causes  the  loss  of  what  was  here 
gained  by  the  omission  of  the  odd-numbered  trestles. 

In  our  system,  at  the  top  of  each  trestle  are  two  distinct  axles^  spaced 
13  inches  apart,  and  serving,  the  one  for  the  hinging  of  its  section  of 
flooring,  and  the  other  for  hooking  on  the  next  section.  The  total  length 
of  section  is  reduced  to  9.3  feet  for  trestles  spaced  9.8  feet,  and  all  the 

•See  Note  5. 
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sections  lie  end  to  end  when  down,  with  a  clearance  of  6  inches  between 
them  without  being  lapped  by  the  adjacent  trestles. 

4.  A  guiding  bar  fastened  to  the  windlass  during  the  operation  of 
raising  receives  the  flooring  just  as  it  is  about  to  strike  the  preceding 
trestle,  and  guides  it,  as  if  by  hand,  into  the  journal  boxes  arranged  on 
this  trestle  to  receive  it.  This  same  guiding  bar  prevents  the  end  of 
flooring  next  the  windlass  from  falling  down  as  soon  as  the  process  of 
lowering  is  begun,  and  lets  it  down  without  shocky  nntil,  by  it«  ovn 
weight,  it  naturally  assumes  a  suitable  direction  for  falling  ou  the  floor. 

5.  The  up-stream  beam  of  each  section  of  the  flooring,  being  the  one 
on  which  the  holding-down  hooks  of  the  windlass  pull  daring  the 
maneuver,  cannot,  like  the  lower  one,  be  simply  hooked  on  to  the  M\ 
of  the  preceding  trestle.  In  our  plan  a  T-shaped  end  insures  the  rapid 
coincidence  of  the  eyes,  and  a  ke^f  enables  us  at  once  and  withoat  id 
to  firmly  fasten  the  upstream  beam  in  the  journal  box  of  the  precedk; 
trestle. 

6.  The  bottom  axle  of  the  ordinary  trestle  assembles  badly  wit^tbe 
channel  iron  upright.  The  cost  of  the  dam  is  unnecessarily  increased, 
and  numerous  attempts  have  been  made  at  different  times  to  Itm 
these  difficulties.  We  have  completely  overcome  them  all  by  snpprossiii? 
this  axle.  The  trestles  are  flnished  at  their  lower  ends  by  angle  bloct^ 
which  are  provided  with  eyes,  and  they  are  fastened  by  two  independfi^ 
bolts  to  double-cheeked  pillow  blocks  embedded  in  the  floor.  Tb< 
cast  steel  bolts,  2j{  inches  in  diameter,  have  washers  and  pins,  and  it 
merely  requires  the  cutting  of  the  pins  to  dismount  the  tresUeer^ 
after  it  has  b^u  a  long  time  under  water. 

7.  The  trestles  are  built  of  5i-iuch  diannel  iron,  and  are  shaped  iia 
a  double  St.  Andrew's  cross,  which  gives  them  great  rigiditty  in  Ni 
directions.    They  are  jsymmetrical. 

8.  The  last  bay  of  the  service  bridge  is  spanned  by  a  rolling  bi»>. 
which  is  run  back  into  the  abutment  with  the  greatest  facility  wbe&> 
lock-keeper  begins  at  the  last  trestle  to  lower  the  service  bridge. 

9.  In  the  ordinary  trestle  the  upstream  upright  is  vertical,  and  aS.* 
laid  down  lengthwise  of  a  vertical  chamber  from  20  to  30  inches  H 
When  the  dam  is  up  gravel  collects  in  this  chamber,  and  it  is  U6ces^^'^* 
as  at  lle-Barbe,  for  example,  to  remove  the  deposit  by  a  diver  every  r^' 
the  trestles  have  to  be  lowered.  In  our  plan,  the  trestles  are  8yni»7v 
cal,  their  journal  boxes  are  entirely  in  projection  on  tbe  floor,  andt^ 
latter  is  connected  with  the  sill  b^  a  slope  of  1  on  2,  which  is  less  stK' 
than  the  natural  slope  of  sund  deposits. 

With  this  arrangement  there  is  every  reason  to  hope  that  the  tit^'^ 
chamber  will  not  silt  up. 

SUMMARY. 

To  sum  up,  our  system  of  dam  allows  us — 

1.  To  close  passes  of  indefinite  width  by  means  of  wickets,  and  ^^■ 
out  the  use  of  an  intermediate  pier ; 

2.  To  put  an  end  to  all  shock  in  lowering ; 
And,  consequently, 

3.  To  make  wickets  entirely  of  metal ; 

4.  To  provide  in  a  practical  manner  for  falls  of  from  12  to  20  feet  ana 
even  more,  measured  from  the  metallic  sill  of  the  floor. 

It  also  permits  us — 

5.  To  work  dams  of  large  dimensions  rapidly ; 

6.  To  avoid  all  transportation  to  storehouses; 

7.  To  get  rid  of  the  principal  causes  of  injury  and  of  interference  by 
sand  and  gravel. 
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NOTES. 


yote  1. — Special  difficultiea  at  the  La  MulatOre  Dam, — In  an  ordinary  dam  the  rise 
>nie8  from  above.  The  dam  can  and  should  be  opened  gradually  as  the  discharge 
icreases.  It  will  thus  be  almost  entirely  down  when  the  natural  level  of  the  rise 
aches  that  of  the  pool,  or  even  a  height  somewhat  lower,  if  the  first  obstruction  to 
y  covered  is  so  far  up  stream  as  to  permit  the  water  surface  at  the  dam  to  be  lowered 
,  luoilerato  stages.  In  such  a  case  it  is  possible  to  place  the  service  bridge  at  only  20 
iches  above  the  level  of  the  pool  and  to  maneuver  the  dam  slowly,  since  we  have  at 
ir  disposal  for  that  purpose  all  the  time  that  the  water  level  below  the  dam  takes  to 
ass  from  low-water  to  the  level  of  the  upper  pool,  or  to  its  reduced  level.  The  same 
liug  holds  for  closing  the  dam  when  the  water  is  falling. 

At  La  Mulati^re,  on  the  contrary',  the  Rhone  will  almost  always  take  the  dam  in  re- 
erse.  The  pass  must  remain  entirely  closed  until  the  main  river  rises  from  the  low- 
'at«r  stage  to  the  level  of  the  pool,  and  it  will  then  be  necessary  to  open  the  dam 
ery  rapidly  under  penalty  of  having  the  service  bridge  submerged.  So  also  it  must 
rt4sn  be  closed  in  a  few  hours  before  the  main  river  drops  below  the  level  of  the  dam, 
I  order  to  prevent  the  pool  from  being  suddenly  emptied  by  a  rapid  decline  of  the 
;hone. 

Moreover,  the  obstructions  to  be  flooded  are  so  near  the  dam  that  it  is  necessary  to 
eep  the  pool  constantly  at  its  normal  level  without  reduction,  in  order  to  insure  at 
LI  times  the  required  depth  of  8  feet. 

Hence  the  necessity  of  placing  the  service  bridge  at  6.6  feet  above  the  pool  and  of  ex- 
luding  all  systems  of  dam  for  which  eight  or  ten  hours  would  not  suffice  to  maneuver 
ti«  whole  of  a  pass  340  feet  long  and  13  feet  above  the  sill. 

Again,  the  La  Mnlati^re  dam  is  situated  only  1,500  feet  below  the  Saint  Etienne 
Lailroad  Bridge,  whose  piers  make  the  marked  angle  of  50  degrees  with  the  general 
xis  of  the  river.  The  river  will  be  chiefly  navigated  bv  the  immense  freight  boats  of 
he  Compagnie  Ginerale^  which  are  as  much  as  492  feet  long,  and  which  must  make  a 
barp  turn  after  passing  the  bridge  to  get  out  into  the  Rhone  by  way  of  the  dam. 

To  insure  safe  navigation,  therefore,  it  is  indispensable  to  reject  all  systems  requir- 
af(  piers  in  the  river,  and  to  leave  the  Sadne  entirely  free  over  the  340  feet  included 
•etween  the  lock  and  the  dike  which  separates  it  from  the  Rhone. 

Lastly,  it  is  necessary  to  give  passage  to  a  considerable  discharge  (which  amounts 
o  29,065  cubic  feet  at  8.2  feet  above  low-water),  to  resist  a  current  which  sometimes 
eaches  7.7  feet  per  second,  and  to  support  a  pool  raised  13.1  feet  vertically  above  the 
ill  of  the  pass,  and  which  will  have  a  lift  of  Hi  feet  when  the  dikes  of  the  Rhone 
hall  have  reduced  the  minimum  draught  of  water  on  the  sill  of  the  lock  to  6^  feet. 

For  the  floods  of  the  Sa6ne,  therefore,  the  La  Mulati^re  dam  must  answer  all  the 
leniands  of  an  ordinary  dam  built  in  a  very  rapid  river,  and  it  must  also  satisfy  pecu- 
iar  and  altogether  novel  conditions  in  fulnlling  the  special  requirements  arising  from 
loods  in  the  Rhone,  which,  iu  a  few  hours,  may  take  the  dam  in  reverse,  without 
blowing  any  opportunity  to  commence  working  it  until  the  rise  from  below  reaches 
he  level  of  the  pool, 

.Vote  2. — Limiting  width  of  former  passes. — ^The  tripping  bar  must  travel  about  6  inches 
o  trip  a  wicket  4  feet  11  iuches  wide,  including  clearance.  It  foUows,  therefore,  that 
he  projections  should  be  spaced  4  feet  11  iuches  minus  6  inches,  that  is,  about  53 
nches  apart,  so  as  to  lower  the  wickets  in  succession,  and  that  with  a  single  tripping 
)ar  it  is  impossible  to  lower  more  than  nine  wickets  in  succession,  since  the  eleventh 
jrojection  strikes  the  tenth  wicket  at  the  same  time  that  the  first  projection  reaches  the 
irst  wicket.  It  is  true  that  sixteen  wickets  can  be  lowered  with  one  bar  by  separating 
/he  projections  into  nine  groups,  so  as  to  lower  the  first  four  wickets  in  succession,  the 
lext  six  in  groups  of  two,  and  the  last  six  in  groups  of  three ;  but  this  extreme  limit 
tias  not  been  exceeded,  and  it  even  seems  that  it  cannot  be  reached  at  all  without 
iangor,  in  case  the  wickets  are  very  high.  As  sixteen  wickets  of  4  feet  11  inches 
make  78  feet  9  iuches  linear,  two  tripping  rods  working  in  opposite  directions  must 
Qecessarily  be  used  to  close  a  pass  157^  feet  wide,  and  it  is  not  possible,  with  the  sys- 
tem of  lowering  by  tripping  bars,  to  make  passes  exceeding  160  feet  without  dividing 
them  up  by  means  of  intermediate  piers. 

Xote  3. — The  construction  of  a  pass  by  sections. — To  build  the  La  Mulati^re  pass  in 
two  sections,  and  always  leave  half  the  river  open,  we  work  in  the  following  manner: 

The  half  of  the  floor  in  actual  process  of  construction  is  closed  at  its  end  by  the 
concrete  bulkhead  B.  In  this  enclosure  we  expect  to  put  in  position  the  first  half  of 
the  mechanism.  We  will  then  remove  the  wickets  and  the  trestles  for  the  last  20  feet, 
and  build  in  their  place,  inside  of  bulkhead  B,  a  clay  bulkhea<l  A,  covering  up  the 
journal  boxes  and  the  hurters  of  the  parts  removed. 

Next  year  we  will  complete  the  second  section  of  the  coffer-dam,  connecting  it  with 
bulkhead  A;  we  will  then  tear  awav  bulkhead  B  in  the  dry,  and  beyond  it  we  will 
find  the  last  Jonmal  boxes  which  will  permit  us  to  go  on  with  the  construction  in  con- 
tinuity with  the  part  already  laid. 
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After  removing  bulkhead  A  it  will  be  ea«y,  by  meann  of  a  diver,  to  pot  hatk  to 
their  places  the  wicketH  and  the  trestles  wlmse  journal  Imxea  were  coveml  in  nnd*-: 
the  bulkhead  during  the  conHtruction  of  the  8»*con<l  section  of  the  pass,  and  tliunrts 
establish  the  eoiiti unity  of  the  dam. 

ThiH  method  of  ronstrnction  was  first  suggested  to  uj*  by  conductor  Givoisi't,  vli^ 
Buperintends  the  work  with  equal  intelligence  and  devotion. 

Xote  4. — Power  required  to  throw  down  the  dam, — In  our  system  the  maximum  i>i^>r 
required  to  lower  a  wiokft  is  that  rcciuired  to  put  it  on  the  swing.  It  iseasyto  a. 
culate  this  power  exactly  in  all  possil)!o  rases,  and  to  aseertain  that  it  does noi  esn  •< 
the  figures  of  the  following  table  for  tlie  La  Mulatiere  wfckets,  which  an?  14.;5  'j\  1.' 
feet. 

To  these  figures  must  bo  added  the  weight  of  the  chain,  which  is  111  pouuiU  amh 
tension  of  about  IS'i  pounds,  which  is  reciuired  U)  put  tlie  wicket  ou  the  swiu;;  ^Ibj 
it  is  immerHed  in  still  water. 

The  maneuvering  windlass  required  for  the  usual  method  of  raising  shoaldti-ii. 
develop  a  traction  of  II, (KK)  pounds. 

It  M  therefore  evident  that,  in  our  system,  the  power  required  for  lowering  i5«  r4 
tivelj'  very  small,  ftiid  that  with  this  system  it  is  possiblt^  to  lower  wickers  (»f  ;rrfJ' 
dimensi<Mis  under  falls  which  would  prohibit  the  lowering  of  the  wickets  by  tbc^i* 
of  the  trippii'ig  bar. 

Table. 


Fall. 


Si 
>     . 

p 

Pffl 

IB 


0.33  feet 
0.66  feet. 
0.08  feet. 
1.81  feet. 
1.64  fM<t. 
l.»7feet. 
2.30  feet. 
2.63  feet 
2.05  feet. 
8.28  feet. 
8.61  feet. 
8. 04  feet. 
4.27  feet. 
4.60  feet. 
4.02  feet. 


Pounds. 

117 

al43 

187 

240 

826 

421 

611 

6.50 

783 

028 

1,085 

1,257 

1,418 

1,600 

1,786 


III 


JPownda. 
170 
350 
390 


8«» 


Bemarka. 


P<fund*. 
205 
386 
538 


*i 


a  170  ponndt  for  0.9?  t* 
b  538  poonds  for  1.31  if 
« 1,001  poamlB  for  l.fr? 


^538    ,  Wbiclisre  theartcalr 


677 
833 
1,005 
1,166 
1,340 
1,534 
1,724 
1,020 
2,121 
2,315 
2,522 


006 
el,  096 
1.202 
1,402 
V686 
1,804 
2,004 
2,207 
2,405 
2,600 
2,884 


ences  of  level  tlutrj 
cur  at  La  MiiUtiir*  :- 
extreme  caaea  of  w- 
maDeuvenng. 


Note  5. — Working  time, — From  experiments  made  with  the  La  Mulatiere  viH* 
the  time  for  handling  the  wickets,  apparently,  should  not  exceed — 


In  lowering 
In  raising  . . 


For  one  wicket 3mitE*^ 

For  one  trestle 2inifli.^'^ 

For  one  wicket Snunc^ 

For  one  trestle 4iiiiB'^'^ 

That  is^  for  a  pass  of  340  feet,  containing  69  wickets  and  34  trestles,  worked  I'j  ^' 
same  windlass — 

For  lowering 4  hours  ^  mJB«^^ 

Forraising 8 honra  1  m"''^'' 

Note  (). — Calculation  of  stress. — According  to  the  detailed  calculatioDS  in  the  apl* 
dix  of  our  report  of  December  21,  1878,  the  maximum  stress  per  square  inch  Jn  '^' 
different  parts  does  not  exceed  the  following  amounts : 

1^^ 

.'"v*' 


Prop 

Ui)right  of  horse 

Heacl  of  horse 

Bottom  axles  of  horse .^jj, 

Upright  of  wickets rj^, 

Upright  of  trestles 

Axles  of  trestles 

Foot-bridge 
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Xote  7. — Co«t — All  the  metal  work  of  the  La  Malati^re  dam  was  contracted  for 
kriay  '2,  lf^9,  at  the  following  prices  per  pound,  net : 

Cents. 

►Vrought  iron 4\ 

?a«t  iron 2j 

i«'s.semer  ateol 10 

:haiu.s 6i 

The  machinery  is  alniOHt  entirely  finiHhed,  and  weighs  as  follows : 

Founds. 

rVieket,  with  chain,  bottom  casting,  and  counterweight 4, 846 

rrestle,  with  floor,  &c 3,933 

];aHt-iron  sill,  per  wicket 1, 267 

lurter 2,304 

I  oil  rnal-box  for  wickets • 353 

foumal-box  for  trestles 309 

The  ^tal  cost,  including  putting  in  place  and  painting  with  coal  tar,  will  amount, 
or  340  feet,  to  $28,552.57;  that  is,  per  linear  foot,  $83.98,  or,  per  square  foot  of  dis- 
sharge  area,  $6.40. 

Note  8. — Dam  with  traveling  crane. — We  had  at  first  designed  to  work  the  wickets  by 
neaiis  of  a  traveling  crane,  39^  feet  between  supports,  similar  to  those  everywhere 
eeu  about  railroad  stations.  The  crane  was  to  travel  on  two  rails  projecting  above 
he  floor,  the  one  above  and  the  other  below  the  line  of  the  wickets.  iThe  workmen, 
itationed  on  the  crane,  would  propel  it  along  with  them  by  applying  power  to  the 
Iriving  wheels,  and  they  would  seize  hold  of  the  wickets  by  means  of  a  boat-hook 
«^cured  by  a  chain  to  a  movable  windlass  on  the  traveler.  The  double-stepped. 
iurt«r  would  be  equally  a<iapted  to  the  raising  or  lowering  of  a  wicket.  By  omitting 
he  trestles,  the  dam  would  be  much  more  simple  and  less  expensive.  A  suspension 
)rid^5t»,  or  a  trail  ferry,  could  be  substituted  for  the  traveling  crantf. 

We  finally  gave  up  the  idea  of  proposing  this  arrangement  for  La  Mulati^re,  as  it 
voultl  perhaps  have  seemed  too  venturesome  for  the  first  trial  of  our  system. 

Xote  9. — Patents. — The  double-stepped  hurt^r  and  the  other  novelties  described 
ibove  have  been  patented  in  F'rance  and  abroa<i.  The  patent  taken  our.  in  France, 
it  our  own  trouble  and  expense,  is  only  designed  to  secure  to  the  French  state  the 
ree  and  gratuitous  use  of  our  system  wherever  it  may  think  it  advantageous  to  em- 
ploy it. 

Xote  10. — Maximum  and  minimum  discharge  of  the  Saone  at  iUi  mouth. — ^The  discharge 
»f  the  Sa^^ue  at  its  mouth  for  any  one  height  of  water  varies  within  wide  limits,  ac- 
cording as  the  Rhone  is  falling  or  rising. 

To  determine  the  minimum  and  maximum  discharge  of  the  Sa6ne  at  the  height  of 
he  pool  (528.19),  we  examined  the  records  of  the  past  ten  years,  and  noted  the  gauge 
'eadings  at  La  Feuill6e,  which  is  2^  miles  above  La  Mulati^re,  each  time  that  the 
vater  surface  reached  the  height  of  528.19  on  the  gauge  at  the  latter  point.  We  thus 
bund  that  the  highest  corresponding  gauge  reading  at  La  Feuill6e  occurred  January 
M,  1873,  and  that  the  gauge  at  Neuville,  16  miles  above,  and  beyond  the  effects  of 
>ack water  from  the  Rhone,  read  that  day  9.32,  which  corresponds  to  a  discharge  of 
J9,0()5  cubic  feet. 

As  the  greatest  discharge  of  the  S6ane  at  its  mouth  takes  place  when  the  river 
surface  presents  the  greatest  slope  above  this  i)oint,  we  concluded,  from  what  pre- 
;e<le8,  that  the  maximiun  discharge  of  the  Sa6ne  at  the  height  of  528.19  is  29,065  cubic 
Feet. 

Xoie  11. — Diagram  of  the  differences  of  level  during  maneuvers. — After  having  deter- 
nined,  by  the  above-mentioned  method,  the  maximum  and  minimum  discharges  for 
I  8<?rie8  of  stages  from  low- water  up  to  the  highest  navigable  stajge,  we  constructed 
the  curves  of  maximum  and  minimum  discbarge  of  the  Sa6ne  at  its  mouth,  marking 
the  heights  of  the  water  on  the  axis  of  ordinates.     [See  plate  3.] 

We  then  calculated  and  plotted  on  the  same  sheet  the  curves  of  discharge  through 
Lhe  dam — 

1.  When  all  the  movable  parts  are  up. 

2.  When  the  flutter  valves  of  the  wickets  are  entirely  open. 

3.  When  the  upper  gates  of  the  weir  are  removed.* 

4.  When  the  lower  gates  of  the  weir  are  removed. 

5.  When  the  pass  itself  is  completely  open. 

These  calculations  were  made  by  varying  the  formulas  according  to  the  conditions 

*  The  dam  consists  of  a  navigable  pass  of  340  by  13  feet  high,  closed  by  wickets 
^ith  flutter  valves  according  to  our  system,  and  a  weir  260  by  8  feet,  closed  by  two 
tiers  of  Bonl^  gates.  The  latter  is  almost  at  right  angles  to  the  pass,  and  disohargea 
its  waters  into  the  Rhone. 

Ill  B 
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of  flow,  and  for  heights  of  upper  pool  ranging  from  4.9  feet  below  ita  normal  level  ta 
1.64  feet  above. 

Tbi9  done,  let  us  take  any  point|  M,  on  any  curve  of  discharge — that  of  the  flutler 
valves,  for  example. 

The  abscissa  of  this  point  M  m  =  7,487  cubic  feet,  will  be  the  discharge  of  the  dam 
with  all  the  flutter  valves  open,  when  the  upper  pool  is  held  at  the  level  correspoiid- 
ingto  the  ordinate  M  m!  ;  that  is,  at  1.64  feet  below  the  normal  level  of  pool. 

The  vertical  distance  M  P  =  5.13  feet,  between  the  point  M  and  the  correspondin£ 
point  P  on  the  curve  of  maximum  discharge  of  the  Sadne,  will  •  be  the  maximum  f«L 
possible  under  the  siven  conditions ;  that  is  to  say,  when  the  flutter  valves  are  open, 
the  pool  being  hela  at  1.64  feet  below  the  normal  level,  and  the  Sa6ne  being  in  tfa- 
most  unfavorable  condition  for  discharge. 

Hence  it  follows  that  the  simple  reading  of  the  curve  suflBtces  to  determine  the  caodi- 
tions  of  fall  and  the  manipulation  required  for  any  height  of  pool. 

If,  for  example,  the  pool  is  held  at  the  normal  level  of  (5^.19)  the  diagram  ahov^ 
that  the  horizontal  line  528.19  cuts,  the  curve  at  the  points  5  e  d  e  /,  and  that  n  i« 
consequently  possible  to  regulate  t  he  pool : 

C«bvtet 

With  the  joint  covers  to  the  amount  of 3,52i 

With  the  flutter  valves  to  the  amount  of , .  12, i?* 

With  the  upper  gates  to  the  amount  of 21.1©. 

With  the  lower  gates  to  the  amount  of 25.074 

With  the  wickets  to  the  amount  of 27.54t 

It  shows  besides  that  the  fall  of  11^  feet  is  reduced  by  oi>ening — 

The  flutter  valves  to # 4* 

The  upper  gates  to irS 

The  lower  gates  to tS! 

The  wickets  to ^% 

It  is  also  tbund  by  reading  the  intersections  of  the  horizontal  524.91  with  the  cvm 
that  it  is  possible  to  hold  the  pool  at  3.28  feet  below  its  normal  level  under  thifc!- 
lowinff  conditions: 

By  the  flutter  valves  discharge,  3,325  cubic  feet ;  fall, . 

By  the  upper  gates  discharge,  5,297  cubic  feet ;  fall, . 

By  the  lower  gates  discharge,  11,301  cubic  feet ;  fall,  1.80. 

By  the  wickets  discharge,  15,715  cubic  feet ;  fall,  0.26. 

This  graphic  method  would  be  more  simple  yet,  if  applied  to  an  ordinary  dam  «k» 
lower  pool  always  stands  at  the  same  level  for  a  given  level  of  the  upper  pool. 

Note  12. — Extract  from  the  decision  of  approtaly  dated  Match  31,  1879. 

Monsieur  Le  Pr^et:  I  have  submitted  to  the  examination  of  the  general  coud  ^ 
Fonts  et  CkauBs4es  the  detailed  plan  of  the  machinery  for  the  pass  and  weir  of  t>be  ask- 
able dam  of  La  Mulati^re,  which  is  to  be  built  at  the  confluence  of  the  Rhone  aod^ 
8adne. 

This  dam  consists  of .     •    •    • 

The  general  council  of  Fonts  et  Chaussies  were  of  opinion  that  the  designs  of  thede> 
tailed  plan  of  machinery  for  the  pass  and  weir  of  the  movable  dam  at Xa  MulitiiP 
seem  perfectly  to  fulfill  the  exceptional  conditions  in  which  this  dam  is  placed. 

Many  of  the  arrangements  are  entirely  novel ;  they  are  very  ingenious,  equally  hbdW 
and  practical,  and  seem  destined  to  introduce,  not  only  in  the  construction,  bat  afa» 
in  the  working  of  movable  dams,  improvements  of  great  importance. 

The  council,  moreover,  has  called  attention  to  the  g^at  labor  and  the  remarkable  skili 
which  have  characterized  the  study  of  so  difficult  a  question  as  that  of  the  La  Mb1»- 
ti^re  dam,  and  it  has  thought  that  the  administration  should  express  its  satisfactitttt- 
the  engineers,  and  especially  to  M.  Pasqueau,  the  resident  engineer^  for  the  extended  i*~ 
searches  and  the  repeated  experiments  to  which  he  has  devoted  his  attention  formAny 
years  in  working  out  designs  oest  adapted  to  the  mechanism  of  this  important  wnrk. 

I  approve  in  all  points  the  opinion  of  the  council,  and  I  am  happy,  MoMinf  l* 
pref^t  to  join  in  its  commendation  of  the  work  of  the  engineers,  and  particularly  of  th<* 
studies  of  M.  Pasqueau.     •    •    * 

Accept,  &c.. 

The  minister  of  public  works, 

C.  DB  FKBTCCfW. 
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X  a. 

IMPROVEMENT  OF  MONONGAHELA  RIVER,  WEST  VIRGINIA  AND  PENNSYL- 
VANIA. 

At  the  close  of  the  last  fiscal  year  the  condition  of  the  lock  and  dam 
at  Hoard's  Bocks,  West  Virginia,  was  as  follows : 

The  lock  was  finished,  except  the  miter  and  lift  walls  at  the  head,  all 
of  which  had  been  purposely  omitted,  and  the  hanging  of  the  gates  and 
wickets. 

The  dam  was  about  two-thirds  done,  the  most  difficult  part  of  the 
work  having  been  satisfactorily  completed. 

During  the  fiscal  year  just  ended  the  whole  work  has  been  finished 
and  the  lock  opened  to  navigation. 

It  may  be  worth  noting  that  during  the  extreme  low-water  of  last  au- 
tumn, when  the  Ohio  and  all  of  its  tributaries  nearly  ran  dry,  the  pool 
of  the  Hoard's  Rocks  dam  not  only  remained  full,  but  had  a  steady  over- 
flow, although  the  combs  of  the  dams  below  were  3  or  4  feet  out  of 
water,  and  all  navigation  through  the  lower  locks  was  suspended ;  and 
this  notwithstanding  the  fact  that  the  Cheat  River  joins  the  Mononga- 
hela  below  Hoard's  Rocks.  This  favorable  result  at  such  a  time  proves 
the  wisdom  of  the  advice  of  General  Moorhead,  the  president  of  the 
Monongahela  Navigation  Company,  that  we  should  build  the  Hoard's 
Kocks  dam  of  masonry  instead  of  timber. 

Owing  to  the  fact  that  there  are  two  dams  yet  to  be  bnilt  before  the 
alackwater  will  be  complete  to  Morgantown,  the  present  structure  is 
thus  far  of  but  little  use  to  navigation,  and  passage  through  the  lock 
has  been  limited  to  rafts  and  fiiat  boats. 

The  cause  of  this  anomalous  condition  of  affairs  is  fully  set  forth  in 
my  various  annual  reports  on  the  improvement  of  the  Upper  Mononga- 
hela. I  am  happy  to  state  that  the  appropriation  of  $25,000  made  in 
the  river  and  harbor  act  of  June  14, 1880,  for  building  a  lock  and  dam 
near  Laurel  Run  is  the  first  step  towards  the  construction  of  the  miss- 
ing link  which  will  bring  the  work  already  finished  into  connection  with 
the  fine  system  of  slackwater  that  has  for  many  years  so  largely  con- 
tributed to  the  development  of  the  counties  along  the  Lower  Mononga- 
hela. 

OOMMEBOIAL  STATISTICS. 

The  only  available  commercial  statistics  are  the  annual  reports  of  the 
Monongahela  Navigation  Company.  All  of  the  coal  business  of  this 
company  is  done  in  the  first  four  pools,  as  is  also  the  greater  portion  of 
its  remaining  traffic.  These  statistics  are  not,  therefore,  applicable  to 
the  Upper  Monongahela,  but  since  there  are  no  others,  and  inasmuch 
as  the  heavy  traffic  is  steadily  working  its  way  up  stream,  the  figures 
given  are  useful  as  an  approximate  measure  of  what  may  be  expected 
in  the  future. 

SmPMBNTS  ox  MONONGAHELA  SLACKWATER  IN  1679. 

Coaly  coke,  and  slack bushels..  62,015,300 

ClaHsified  freight. pounds..  42,583,450 

Lumber ., feet..     5.436,100 

Timber do  ..     2,376,180 

Brick 1,057,150 

Steol  rails tons..  25,046 

Iron  ore do..  2,405 

Pig  iron do..  1,820 
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Fire  clay tons..  2,744 

Whi8ky barrels..  T,169 

Oil  in  bulk do....  3.6r>4 

Sand bnshels..  47l.:«» 

Stone perches..  134 

Wood cords..  HI 

Staves 69,'2t») 

Posts A%rt& 

Sheep head..  3.463 

Hogs do...  3,Jlfe 

C<ittle  and  horses do...  '^6 

Passengers 51,0.t5 

WORK  DURING  1880-.'81. 

The  first  work  to  be  doue  during  the  prest^ut  se^ison  will  be  to  pur 
chase  the  necessary  land  for  lock  and  abutments. 

It  is  probable  that  as  soon  as  this  matter  is  satisfactorily  arranged, 
s  will  be  made  for  the  delivery  of  the  stone  required  for  the  lock 

ESTIMATE  FOR  1881-'82. 

The  estimated  cost  of  the  lock  at  Dunkard  Creek  (near  Laurel  Run\ 
as  given  in  my  last  annual  report,  is  $115,000,  of  which  sum  $2^M 
was  appropriated  in  the  last  river  and  harbor  act.  In  work  of  this  char 
acter,  which  can  only  be  prosecuted  during  the  brief  and  nncertaiL 
period  of  low-water,  it  is  of  the  highest  importance  to  have  ample  fiuid^ 
on  hand  in  order  to  be  able  to  take  advantage  of  all  favorable  oppor 
tunities,  and  to  thus  reduce  the  cost  of  engineering  and  superintendeiue 
and  the  wear  and  tear  of  plant  and  cotier-dams.  For  this  reason  tlir 
whole  of  the  estimated  cost  of  the  lock  should  be  provided ;  and  I  there 
fore  submit  an  estimate  for  the  sum  of  $90,000,  which  is  still  needed  ii 
order  to  complete  the  original  estimate. 

Meanwhile  it  is  necessary  to  provide  for  the  working  expenses  of  tbe 
lock  at  Hoard's  Rocks,  together  with  a  small  sum  for  making  the  ran 
ning  repairs  that  are  always  needed  at  such  structures.  For  these  pur 
poses  $2,000  will  suffice.    The  estimate  is,  therefore,  as  follows: 

To  complete  lock  at  mouth  of  Dunkard 190, (" 

For  running  expeuHcs  of  lock  at  Hoard's  Rocks t^*^ 

Total  lor  improvement  of  Upper  Monongahcla 92, i*' 

Money  statement. 

July  1,  1879,  amount  available $22,589  77 

Amount  appropriated  by  act  approved  June  14,  1880 25, 000  00 

July  I,  1880,  amount  expended  during  fiscal  year ^2,5^)" 

July  1,  1880,  amount  available 25,0tXH* 

Amount  (estimated)  required  for  completion  of  existing  project 164, 00^'  l* 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1882.    92,  WO  ft 


X3. 

IMPROVEMENT  OF  THE  ALLEGHENY  RIVER. 

The  first  appropriation  for  the  improvement  of  the  Allegheny  Biver 
was  made  in  the  river  and  harbor  act  of  March  3, 1879.  The  amouni 
was  $10,000.  and  it  was  expended  as  follows  : 

A  dam  oi  cribs  filled  with  stone  was  boilt  to  close  the  right-haod 
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chaDnel  at  Six-mile  Island,  6  miles  above  the  mouth.  It  turns  water 
at  the  3J-foot  stage. 

A  riprap  dam  was  built  across  the  left-haud  channel  at  Nicholson's 
Rapids,  35  miles  above  the  month.    It  turns  water  at  the  3-foot  stage. 

A  sand-bag  dam,  for  temporary  use,  was  built  at  Garrison  Ripple. 

The  channel  at  the  mouth  of  the  Allegheny  was  dredged  out  so  as  to 
Ekllow  light  barges  to  pass  from  the  Ohio  and  Monongahela  into  the 
Allegheny. 

A  crane-boat  was  purchased  and  equipped,  and  put  to  work  remov- 
ng  rocks,  snags,  wrecks,  and  other  obstructions.  Her  work  may  be 
mmmed  up  in  the  following  table.  The  rocks  numbered  are  only  the 
large  ones,  no  count  being  made  of  the  small  ones. 


Locality. 

1 
1 

11 
30 
14 
25 
40 
60 
112 
90 

• 

1 

Old  pier. 

tix-niilA  T#lfknd    ,                          ...... 

1 
5 
2 
Kest.. 

Oub.yds. 

f^ioe-mile  Island 

Coiirt^wD-inllft  Inland 

?oketo  Rapid 

1 

?all  Creek  Rapid 

rhence  to  Jack's  Island 

rack  '8  Island 

beam's  Bar 

1 

JiYeeport 

400 

M^nrphyV  Island .                            .»^...      x... 

115 

100 

Total    

503 

100 

1 

400 

A  number  of  bad  rocks  at  Oil  City  were  removed  by  a  special  party. 
These  undertakings  used  up  the  whole  of  the  appropriation. 

OOMMEBOIAL  STATISTICS. 

It  is  impracticable  to  give  accurate  statistics  of  the  commerce  of  an 
nland  river,  as  there  is  no  public  necessity  that  causes  the  compilation 
>f  accurate  records.  All  that  can  be  done  is  to  give  such  facts  as  are 
iccessible. 

Mr.  Thomas  P.  Roberts,  assistant  engineer  in  charge  in  1879,  reports 
ks  follows : 

A  steamer  and  fleet  of  barges  carrying  oil  constantly  plies  on  this  river  from  the  oil 
ielfls  to  Huntingdon,  W.  Va.,  whenever  the  stage  of  water  permits.  Several  hun- 
xed  thousand  barrels  of  oil  have  been  annually  shipped  by  this  route  to  Richmond, 
^a.  Five  other  steamers  are  also  regularly  engaged  in  the  oil  trade  from  the  Pitts- 
•urgh  and  Ohio  River  refineries  to  the  oil  regions,  but  the  quantity  of  oil  transported 
•y  them  I  have  been  unable  to  obtain.  It  is  usual  for  a  steamer  to  have  three  oarges 
Q  tow,  and  they  transport  about  7|&00  barrels  at  one  trip. 

It  is  estimated  that  the  lumber  trade,  exclusive  of  railroad  ties,  &c.,  amounts  to  over 
0O,(;(M).i  <X)  feet  annually.  Besides  this,  immense  quantities  of  stavesand  finished  bar- 
^U  are  annually  transported  on  the  river.  The  flat-boats  specially  engaged  in  this 
nisiness  are  quite  numerous. 

Tbe  construction  of  '*  bottoms'' for  Ohio  River  coal-boats,  and  latterly,  at  Freeport 
nd  other  points,  of  finished  boat«  and  barges,  is  a  large  industry,  giving  employment 
0  many  hands,  saw-mills,  &c. 

The  tonnage  of  the  Pittsburgh  coal  barges  and  boats  aloni;  represents  a  greater  car- 
jtring  capacity  than  is  owned  by  any  city  in  America.  These  buats  range  from  400  to 
OO  tons  burden  each,  and  3,000  of  theui  are  in  constant  use.  It  is  a  safe  calculation 
0  ahsume  that  300  new  boats  are  required  every  year,  a  large  proportion  of  which 
ome  from  the  Allegheny. 

A  very  extensive  trade  in  limestone  is  also  carried  on  to  supply  the  furnaces  at  Pitts- 
•urgli,  which  alone  gives  employment  to  several  hundred  men.    Considerable  coal  is 
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alBO  shipped  from  point  to  point.  Another  item  of  importance  is  the  trade  in  bowlden 
for  street-paving  purposes. 

ft  In  short.,  the  Allegheny  up  to  and  through  the  oil  regions  is  a  channel  for  a  larg« 
and  miscellaneous  commerce  of  very  considerable  importance,  aggregating  in  Talne  at 
least  15)000,000  annually ;  and  it  is  a  channel  very  susceptible  of  improvement^  which, 
if  once  effected,  would  greatly  augment  a  commerce  tnat  now  suffers  much  uom  the 
uncertainty  of  a  reliable  depth.  The  trouble  is  there  is  too  much  idle  time  for  the 
boats  in  use,  and  the  more  this  time  is  curtailed  the  greater  the  inducements  will  be 
for  shippers  to  avail  themselves  of  the  river. 

APPROPRIATION  OP  JUNE  14,  1880. 

The  last  river  and  harbor  act  appropriated  $20,000  for  the  Allegheny 
Eiver.  Authority  to  begin  work  was  not  received  until  after  the  close 
of  the  fiscal  year. 

It  is  expected  that  by  December,  when  work  must  necessarily  cease, 
the  whole  of  this  appropriation  will  have  been  expended  in  removing 
rocks  and  snags,  and  in  building  wing-dams  and  dikes. 

ESTIMATE   FOR  1881-'82. 

The  estimate  contained  in  my  reports  of  January  10  and  January  20. 
1880,  for  the  improvement  of  the  river  below  French  Creek  by  means  of 
dams  and  dikes  and  by  the  removal  of  rocks,  amounted  to  $81,000,  oi 
which  $20,000  was  appropriated  at  the  last  session  of  Congress,  leaving 
$01,000  yet  to  be  appropriated.  The  whole  of  this  sum  could  be  advan- 
tageously used  during  the  next  fiscal  year  in  continuing  the  work  alreaily 
begun. 

For  the  Allegheny  River  above  French  Creek  reference  is  made  to 
my  report  of  February  5,  1880  (Senate  Ex.  Doc.  No.  89,  Forty -sixth 
Congress,  second  session).  The  estimate  therein  contained  for  impro\ 
ing  the  river  from  French  Creek  up  to  Olean  is  $40,000,  the  whole  t»r 
any  portion  of  which  could  be  advantageously  expended  during  a  sinjrif 
working  season. 

Several  urgent  letters  have  been  received  from  business  men  of  Pitt> 
burgh,  notably  one  from  the  Pittsburgh  Chamber  of  Commerce,  requee^i- 
ing  that  an  allotment  be  made  for  the  improvement  of  Garrison  Ripple. 
This  ripple  is  at  the  head  of  Kerr's  Island,  and  is  about  2  miles  abovt 
the  confluence  of  the  Allegheny  and  the  Moiiongahehi. 

The  upper  boundary  line  of  Pittsburgh  crosses  the  Allegheny  8J  miles 
above  this  confluence.  This  ripple,  which  is  impassable  in  low- water, 
and  lies  in  the  lower  half  of  the  Allegheny  Harbor  of  the  city  of  Pitts- 
burgh, practically  cuts  that  harbor  in  two. 

Pittsburgh  is  the  chief  town  in  the  United  States  for  all  manufacture:^ 
of  iron  or  glass^  and  for  many  miles  both  shores  of  the  Allegheny  an- 
lined  with  huge  industrial  establishments.  It  is  therefore  of  the  highe^t 
local  importance  that  the  shoal  which  prevents  the  fi'ee  use  of  the  river 
for  the  transfer  to  and  from  the  mills  of  iron,  coal,  and  other  hea%T 
freights  should  be  removed  as  soon  as  practicable. 

The  only  effectual  way  of  doing  this  is  to  build  a  lock  and  dam  in  the 
vicinity  of  the  Mechanics  Street  Bridge,  as  recommended  in  my  report 
of  March  9,  1876  (Report  of  the  Chief  of  Engineers  for  1876,  part  2,  pa^-e 
149).  The  approximate  estimate  contained  in  that  report  was  $153,iHW 
for  a  lock  200  by  50  feet,  attached  to  a  permanent  timber  dam. 

Neither  time  nor  funds  x>erraitted  locations  and  detailed  estimate*. 
but  the  approximate  estimate  can  readily  be  replaced  by  one  more  neark 
exact,  should  Congress  adopt  the  plan  by  making  a  first  appropria- 
tion. 
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Nothing  else  will  answer  the  legitimate  needs  of  the  harbor  of  Pitts- 
burgh, and  inasmuch  as  the  approaching  completion  of  the  Davis  Island 
Dam,  in  connection  with  the  dams  on  the  Monongahela,  will  soon  give 
all  needed  water  id  the  Ohio.  Monongahela,  and  Lower  Allegheny  por- 
tions of  this  harbor,  it  is  only  fair  that  something  should  be  done  for 
that  part  of  the  Allegheny  Harbor  which  lies  above  the  influence  of 
the  Davis  Island  Dam. 

A  dike  might  help  matters  somewhat,  but  the  long  shoal  of  Kerr's 
Island  lies  jast  below  Garrison  Kipple,  and  therefore  but  little  could  be 
expected  from  such  an  improvement.  The  proposed  lock  and  dam  would 
wholly  obliterate  these  shoals,  and  its  beneficent  effect  would  be  felt 
up  to  the  upper  boundary  of  the  city.  As  the  proposed  improvement  is 
on  the  Allegheny  River,  it  seems  proper  to  introduce  it  into  this  report. 

I  therefore  submit  the  following  estimate : 

For  continaiDg  the  present  system  of  operations  on  the  Allegheny  below 

French  Creek  by  building  dikes  and  removing  obstructions |61, 000 

For  improving  the  Allegheny  between  French  Creek  and  Olean,  N.  Y 40, 000 

For  improving  the  Allegheny  Harbor  of  the  city  of  Pittsburgh 153, 000 

254,000 

Money  statement, 

July  1,  1879,  amount  available $10,000  00 

Amount  appropriate<l  by  act  approved  June  14,  1880 20, 000  00 

|30, 000  00 

July  1,  18ti0,  amount  expended  during  fiscal  year 9, 998  64 

July  1,  1880,  amount  available 20,001  36 


Amount  (estimated)  required  for  completion  of  existing  project 111,000  00 

Amount  (estimated)  for  lock  and  dam  in  harbor  of  Pittsburgh 153, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 : 

For  dikes  and  dams  and  removal  of  obstructions $111)  000  00 

For  lock  and  dam  in  harboi-  of  Pittsburgh 100, 000  00 

211,000  00 


examination  and  survey  op  allegheny  eiver,  feom  fbenoh 
gbeek  (fbanklin,  pennsylvania)  to  clean,  new  yoek. 

United  States  Engineer  Office, 

Otnotnnafi,  O^to,  February  5,  1880. 

General  :  I  have  the  honor  herewith  to  submit  a  report  on  the  survey 
and  examination  of  the  Allegheny  Kiver  between  French  Creek  (Frank- 
lin, Pa.)  and  Glean,  N.  Y.,  which  was  ordered  in  the  river  and  harbor 
act  approved  March  3,  1879. 

The  field  work  of  the  survey  was  intrusted  to  Mr.  Thomas  P.  Eoberts, 
assistant  engineer,  assisted  by  Mr.  J.  B.  Dougherty.  Mr.  Eoberts' 
report  is  hereto  attached. 

The  distance  from  Glean  to  the  mouth  of  French  Creek,  as  measured 
along  the  river,  is  132  miles ;  and  in  this  distance  the  river  falls  446  feet, 
which  is  an  average  rate  of  3.4  feet  per  mile.  The  survey  was  made 
during  the  very  low- water  of  the  autumn'  of  1879,  and  the  least  water 
found  on  any  bar  or  shoal  was  6  inches.  There  are  79  bars  ui)on  which 
there  was  less  than  1  foot  of  water.  It  is,  therefore,  evident  that  a  depth 
of  1  foot  in  extreme  low-water  is  all  that  can  be  expected  from  any  system 
of  improvement  which  is  limited  to  wing-dams  and  dredging. 

The  most  thorough  and  satisfactory  method  of  improving  this  part 
of  the  Allegheny  Iliver  would  be  to  build  locks  and  dams ;  but  such  an 
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improvement,  if  adopted,  shoald  begin  at  the  month  of  the  river,  and 
should  be  extended  upstream  as  it  becomes  self-sustaining  from  the 
development  of  an  active  and  remunerative  river  commerce. 

The  Allegheny  River  is  particularly  well  adapted  to  the  use  of  slack- 
water,  on  account  of  its  width  and  its  abundant  supply  of  water.  The 
drawback  is  the  frequency  of  gorges  of  heavy  ice.  How  serious  an  ob- 
stacle the  ice  may  be  can  only  be  determined  after  the  endurance  of  one 
or  more  dams  has  been  practically  tested.  It  is  probable  that  the 
increased  depth  that  would  be  created  by  dams  would  have  a  very  ben^ 
flcial  effect  in  reducing  the  destructive  action  of  gorges. 

As  it  is  out  of  the  question  to  discuss  slackwater  dams  on  the  Upper 
Allegheny  at  the  present  time,  it  only  remains  to  be  seen  whether 
cheaper  expedients  would  secure  such  a  return  as  would  justify  their 
trial. 

It  is  believed  that  by  a  moderate  expenditure,  applied  to  the  removal 
of  rocks  and  the  construction  of  low  crib-dams  and  dikes,  both  the  rait 
ing  period  and  the  period  of  navigation  by  small  tow-boats  can  be  ma- 
terially extended  in  the  section  in  question.  An  addition  of  two  montb 
can  probably  be  given  to  the  two-foot  navigation  up  to  Warren.  Above 
Warren  there  is  at  present  no  river  interest  except  that  of  rafting;  thi? 
may,  however,  be  helped  by  the  removal  of  rocks  and  by  a  few  inches 
increase  in  the  depth  on  the  bars. 

For  the  river  between  Oil  City  and  Warren,  Mr.  Roberta  submits  an 
estimate  of  $30,500.  I  would  prefer  that  the  estimate  shoald  cover  tbt 
whole  distance  of  this  survey,  and  I  therefore  increase  it  to  |40,0U(i 
This  amount  will  cover  the  7  miles  between  Oil  City  and  French  Creel 
and  will  also  admit  of  the  removal  of  rocks,  &c.,  in  the  section  betvee& 

Warren  and  Olean,  for  which  Mr.  Roberts  makes  no  estimate. 

•  •  •  •  •  •  • 

Commercial  statistics  on  inland  rivers  where  there  are  no  castom> 
duties  are  occasionally  preserved  for  special  reasons,  but  they  are  never 
complete  and  are  often  far  from  accurate.  Such  as  could  be  obtaine*. 
on  the  portion  of  the  Upper  Allegheny  which  is  the  subject  of  thises 
amination  have  been  included  by  Mr.  Roberts  in  his  report  The  chk: 
items  are  68,000,000  feet  of  lumber,  1,000,000  bundles  of  shingles,  an- 
750,000  bundles  of  laths. 
A  map  in  16  sheets  accompanies  this  report. 
Respectfully  submitted. 

Wm,  E.  Msbbill, 
Major  of  Bngineen 
Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineers^  U.  8.  A. 


REPORT  OF  MR.   THOMAS  P.   ROBERTS,   ASSISTANT  ENGINEER. 

PrrrsBURGH,  Pa.,  Janmanif  liH^ 

Sir  :  I  have  the  honor  to  submit  herewith  the  report  upon  the  survey  of  tht  IS 
miles  of  the  Allegheny  River  between  Olean,  N.  Y.,  and  F^nklin,  Pa.,  which  I  m*^* 
under  your  directions  in  August,  September,  and  October  last. 

Having  been  assigned  by  yourself  to  take  charge  also  of  the  improvement  of  tbe 
lower  end  of  the  river,  which  latter  work  required  almost  my  constant  att<?nti«n.  I 
was  unable  to  be  as  much  with  the  party  in  the  field  as  I  would  have  desired.  I  ^* 
quite  fortunate,  however,  in  securing  the  services  of  Mr.  John  B.  Dougherty,  mws**"^ 
enjrineer,  to  conduct  the  survey  as  transit  or  compass  man,  w^ho  was  aasistcd  by  Mr. 
JamoH  G.  McFarlanc  as  leveler.  The  means  provide*!  were  of  course  too  meager  for  a 
careful  hydrographical  survey  of  such  an  extent  of  river,  complicated  as  it  is  ^i^^ 
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islands,  bars,  and  ripples,  but  the  results  obtained  will  be,  I  hope,  all  that  is  necessary 
for  giving  a  correct  knowledge  of  the  general  shape  of  the  stream,  its  profile,  it«  lead- 
ing characteristics,  its  capability  of  improvement,  and  it>s  value  as  a  highway  for 
commerce. 

From  Salamanca,  N.  Y.,  23  miles  below  Olean,  t-o  Franklin,  Pa.,  a  distance  of  10^ 
miles,  the  survey  was  made  when  the  water  was  lower  than  ever  before  known. 
During  this  time  the  fluctuations  of  the  water  surface  were  confined  to  a  space  of  less 
than  2  inches. 

This  state  of  the  river  was  extremely  favorable,  therefore,  for  obtaining  with  pre- 
cision the  length  and  descent  of  the  ripples,  many  of  which  would  be  "  drowned  out'* 
or  be  inappreciable  even  at  moderately  low  stages  in  the  river. 

Having,  in  1878,  personally  conducted  a  reconnaissance  of  the  river,  under  your 
directions,  from  Franklin,  the  lower  terminus  of  the  present  survey,  down  to  Freeport, 
93  miles,  or  to  within  30  miles  of  its  month,  I  will  venture  to  make  some  reference  to 
the  river  in  general,  for  the  purpose  of  setting  forth  in  a  connected  manner  some  of 
the  features  of  this  important  stream. 

The  name  of  Allegheny,  which  in  New  York  is  spelled  Alleghany  and  Allegany,  is 
derived  from  the  dialect  of  the  Seneca  tribe  of  Indians,  many  of  whom  are  still  residing 
on  the  reservation  along  the  river  north  of  the  Pennsj^lvania  and  New  York  State  line. 
The  word  signifies  "fair  water."  As  the  Indian  word  "Ohio"  in  other  dialects  alsa 
means  "  fair  water,"  it  is  thought  that  the  aborigines  considered  the  two  streams  to 
be.  as  they  really  are,  one  and  the  same  river.  Were  it  not  for  the  change  in  name  at 
Pittsburgh,  the  Ohio  would  be  stated  in  the  tables  as  a  river  1,292  mi^jes  long,  in- 
steiid  of  §67  miles,  the  Allegheny  adding  325  miles  to  its  usually  accounted  length. 

SOURCE,  AREA  OF  VALLEY,  AND  GENERAL  COURSE. 

The  Allegheny  heads  in  Potter  County,  Pennsylvania,  interlocking  with  the  head- 
waters of  the  Susquehanna  and  the  Oenesee.  It  is  said  that  rivulets  in  that  county, 
from  a  spot  less  than  1  square  mile  in  area,  discharge  their  waters  into  streams  fioiiiing 
respectively  to  the  Chesapeake  Bay,  the  Gulf  of  Saint  Lawrence,  and  the  Gulf  of 
Mexico. 

The  area  of  the  basin  of  the  Allegheny  is  about  13,000  square  miles,  making  at  Pitts- 
burgh very  nearly  two-thirds  of  the  total  area  drained  by  the  Ohio  at  that  point.  ^ 
After  a  meandering  course  of  about  55  miles  through  Potter  and  McKean  counties, ' 
Pennsylvania,  the  last  15  miles  of  which  are  due  north,  it  enters  the  State  of  New 
York  in  Cattaraugus  County. 

From  the  line  it  continues  its  northward  course  6  or  8  miles  farther,  thence  it  turns 
almost  due  west  to  Olean,  about  70  miles  below  its  headwaters. 

Below  Olean  it  continues  its  western  course  to  Salamanca  (23  miles),  from  which 
last-mentioned  point  it  takes  its  final  southwest  course  to  Pittsburgh. 

PROFILE,   FLOODS,   BOTTOM  LANDS,   AC. 

It  is  a  somewhat  singular  circumstance  that  for  a  considerable  distance  the  head- 
-waters  of  the  Allegheny  have  a  less  fall  per  mile  than  the  main  portion  of  the  stream 
farther  down. 

For  25  miles  above  Olean  it  is  stated  to  have  a  descent  averaging  less  than  2  feet 
per  mile.  Below  that  point,  in  the  first  20  miles,  our  levels  show  that  its  descent  is  at 
(he  rate  of  1.7  feet  per  mile. 

In  this  comparatively  flat  portion  of  its  course,  the  river  flows  through  extensive 
"bottoms  measuring  in  places  a  mile  on  each  side  to  the  foot-hills.  These  bottoms  ar6 
in  parts  subject  to  overflow,  even  with  rises  of  10  to  12  feet ;  which,  if  not  eflecting 
much  damage  to  property,  as  such  places  remain  uncultivated,  at  least  fill  up  the 
sloughs  and  make  impassable  morasses.  The  high-water  of  1873  rose  15.8  feet  at 
Olean,  or  about  6  feet  higher  than  the  ordinary  banks  of  the  river.    Considerable 

Sortions  of  these  bottoms,  between  Olean  and  Salamanca,  rise  in  terraces  above  the 
ood  lines,  and  are  in  a  high  state  of  cultivation,  producing  hay  principally,  with 
grain  and  ftnit,  particularly  apples,  in  great  abundance. 

This  upper  portion  of  the  Allegheny  Valley  is  in  ever}'  respect  different  from  the 
conutry  below.  I  am  of  the  opinion  that  it  was  once  a  shallow  lake,  similar  in  some 
respects  to  the  adjacent  long,  narrow  lakes  of  New  York,  which,  by  a  general  subsi- 
dence in  a  southerly  direction,  was  drained  out. 

The  hills  for  the  first  time  converge  on  the  river  banks  at  Corydon,  Pa.,  just 
below  the  State  line.  Near  that  point  there  is  some  evidence  of  a  gorge  which  might 
bave  been  the  original  outlet  of  the  lake.  There  is  quite  a  sudden  change  in  the 
profile  of  the  river  from  the  20th  mile  point  below  Olean  (just  above  Salamanca),  the 
second  20  miles  descending  at  the  rate  of  3.7  feet  per  mile.  The  third  20-mile  division 
falls  at  the  rate  of  5  feet  per  mile. 


» 

•I  • 
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The  bottoms,  with  the  exception  noted  at  Corydon,  to  near  the  GOth  mile,  unifoniily 
remain  from  i  a  mile  to  1^  miles  wide  ftom  hill  to  hill. 

At  the  77th  mile  the  hills  finally  converge  on  the  river  banks,  and  thence  to  tk 
mouth  of  the  Mahoning  River,  123  miles,  they  follow  the  stream  qnite  closely^  leftvini 
only  occasionally  any  re^^ular  bottom  land.  The  exceptions  are  found  onlj  at  the 
months  of  lar^e  tiibntanes.  The  absence  of  bottoms  for  so  long  a  distance  is » strik- 
ing feature  ofthis  river. 

As  the  valuable  reports  of  Gen.  G.  K.  Warren  have  invested  with  much  interest  bii 
hypothesis  of  a  continental  subsidence,  and  the  attendant  disappearance  of  certain 
lakes,  I  will  add  that  the  curious  may  find  in  the  valley  of  the  Conewango,  i  larj;e 
tributary,  as  well  as  along  the  Allegheny  itself,  local  evidence  of  some  snco  ftctioi 
begun  in  the  past,  and  possibly,  as  General  Warren  surmises,  still  con  tinning. 

The  Conewango  flows  south  for  about  20  miles  parallel  with  the  course  of  the  Alk- 

fhenv,  which  lies  a  few  miles  to  the  east,  but  separated  from  that  stream  by  a  hi^ 
roaa  range  of  hills  or  uplands.  Its  valley  for  much  of  this  distance  is  very  wide.  Ik. 
judging  by  the  eye,  its  water  appeared  to  be  exceedingly  sluggish,  apparently  poodod 
back  for  miles.  Such  is,  however,  by  no  means  the  case  with  the  adjacent  pbrtion  d 
the  Allegheny,  which  falls,  as  before  said,  in  this  part  at  the  rate  of  5  feet  per  mile. 
I  can  offer  no  explanation  of  this  want  of  parallelism  in  the  planes  of  these  adjoiDin; 
Talleys.  It  will  suffice  to  have  called  the  attention  to  the  possible  lacustrine  orign 
of  these  extensive  flats. 

The  following  is  a  condensed  statement  of  the  fall  of  the  river  from  Glean  to  Pins- 
burgh,  beginning  at  Glean : 

Feet  per  ]&)» 

First  20  miles i: 

Second  20  miles V 

Third  20  miles ^ 

Fourth  20  miles '■^' 

Fifth  20  miles -l 

32  miles  to  Franklin 

Franklin  to  Pittsburgh,  123  miles * 

Avc^rage,  Glean  to  Franklin,  132  miles 

Averajje,  Franklin  to  Pitt8bnr«rb,  123  miles 

Averaj^e,  Glean  to  PittHburgh,  255  miles 

The  table  of  ripples  at  the  end  ofthis  report  gives  the  elevation*  above  mean  iKrai 
level  at  nearly  every  mile  above  l«>anklin. 

CUARACTER  OF   RIVER-BED,   ICE-OORGES.   AC, 

From  what  hiis  been  said  of  the  differences  existing  in  the  characteristics  of  the*:" 
ferent  portions  of  the  valley  of  the  Allegheny,  it  is  natural  to  expect  that  the  rir^' 
itself  would  not  have  the  same  regimen  throughout ;  and  it  certainly  has  not.  Fn^ 
Glean  to  Jamison's  Falls,  27^  miles,  tne  river  meanders  through  its  wide  valley,  b- 
iug  a  sandy  or  fine  gravel  bottom  and  an  average  width  of  300  feet.  At  the  Falls  «  &* 
rocks  and  small  bowlders  make  their  appearance  for  the  first  time  in  the  bed  of  tl 
stream,  but  below  that  point,  for  35  miles  more,  we  find  the  former  charactemtii-s' 
sotit  bottom,  the  most  notable  exception  being  at  Limestone  Falls,  41^^  miles  devi^ 
Here  there  is  a  solid  ledge  of  limestone  underlying  the  river-bed,  and  the  Atsctui  • 
3.84  feet  in  a  distance  of  650. 

Throughout  these  60  miles  the  pools  between  the  rapids  are  shallow,  rarely  excrf^ 
ing  5  feet  in  depth.  Thence  to  Warren,  at  the  mouth  of  the  Conewango  (67  miles) iu<^ 
loose  rocks  are  observable.  Below  the  Conewango,  the  river  at  ordinary  stageH  w  '*^ 
feet  wide,  the  pools  varying  in  depth  from  6  to  10  feet  or  more,  and  the  rock»  whk^* 
have  fallen  from  the  hills,  or  have  been  pushed  out  by  the  tributaries,  gndiisl)^  '^■ 
ereasing  in  number  and  size  in  the  channel  and  along  the  shores.  From  Tiouesta,  1|^ 
miles,  to  Pittsburgh,  rocks  are  seldom  absent  from  the  shoals,  often  lying  psrtiat-" 
buried  in  the  gravel,  and  proving  dangerous  obstructions  to  navigation. 

Below  Franklin  the  pools  gradually  deepen  to  14  feet  or  over,  and  average  a  mil*^ 
length.  Some  of  the  pools  are  25  feet  deep  at  the  very  lowest  stage.  The  wsttn* 
this  river  are  naturally  so  clear  that  I  have  frequently  seen  the  l)ottom  where  it  w«e> 
feet  deep.  The  beds  of  some  of  these  lower  river  pools  are  com]i08ed  of  lar|?'frij:- 
meuts  of  rooks,  varying  in  dimensions  from  1  to  20  cubic  yards,  lying  irregularly  <»^»- 
each  other.  [As  they  form  excellent  building  niat<^ri»l  it  might  be  cheaper  to  w* 
these  stoncrt  than  to  work  the  quarries  on  the  hillsides.]  At  several  places  1'* 
struck  with  the  facl  that  so  little  small  stone  orguivel  occupied  the  interstices  of  tbc* 
rocky  bottomed  poftls.  As  such  pools  sometimes  occur  between  shores  whirh  an*  b*r- 
or  rocky,  the  query  arose  as  to  how  the  large  and  sometimes  shifting  gravel  ami  l»<'*'" 
der  bars  at  their  lower  ends  were  maintained;  not  only  maintained,  out oceaM«ni«;^ 
ol>8ervcd  to  be  enlarging  in  area  and  increasing  in  height.     Certain  velocitirt  ''^'- 
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ioubtleas  hold  in  suBpensiou  certain  sized  partioles  of  sand,  gravel,  d:c.,  but  I  can 
ioarcely  conceive  that  bowlders,  5,  6,  and  10  inches  in  diameter,  are  transported  by 
^he  current  over  these  deep  pools.  According  to  the  theory  of  suspension  we  should 
ixpect  that  some  of  them  wonld  be  caught  oy  the  bottom  eddies  and  thrown  down 
uto  the  deep  receptacles  between  the  rocks  referred  to.  We  must,  however,  recognize 
;he  fact  that  these  bowlders  do  travel,  year  by  year,  gradually  down  the  stream.  I 
venture  to  oft'er  the  following  explanation  of  this  phenomenon^  if  it  may  be  so  called. 

The  Allegheny  River  is  pecuharly  subject  to  hard  freezes,  ice-gorges,  &,c.  In*the 
ieighl>orhood  of  Franklin  and  Oil  City  clear  ice  sometimes  forms  oO  inches  thick.  In 
;he  breakups  which  may  happen  when  the  weather  becomes  mild,  the  ice  is  no  sooner 
n  motion  than  gorges  form  at  some  of  the  shoals  or  in  the  narrow  bends.  The  motion 
>nce  checked  the  ice  immediately  piles  up  and  a  temporary  dam  is  formed,  raising  the 
^ater  several  feet,  and  forcing  the  ice  high  up  on  the  banks.  Eventually  the  gorge 
noves,  though  it  sometimes  happens  that  colder  weather  will  set  in  before  it  starts, 
n  which  case  the  ffasments  of  stranded  ice  left  behind,  piled  up  on  the  bars  and  along 
;hc  shores  above  the  fast  receding  water  line,  become  congealed  in  solid  masses,  hold- 
ng  in  their  embrace  the  bowlders,  gravel,  and  detached  rock  on  which  they  rest, 
finally  a  flood  of  sufficient  height  arrives,  and  these  mlnature  ice-barges  (often  drawing 
10  feet  of  water)  find  themselves  in  the  st]^am.  Being,  as  I  have  supposed,  weighted 
icith  stone  below  their  center  of  gravity,  they  will  not  turn,  but  float  over  the  deep 
)(>ol8,  parting  with  their  stony  freight  only  by  attrition  with  the  river-bed  on  the  shoals ; 
lence  the  growth  of  these  bars.  (This  shore  ice  when  starting  frequently  carries  off 
arge  trees,  which  it  drags  out,  roots  and  all.) 

The  Allegheny  River  is,  I  think,  more  subject  to  ice-gorges  than  any  of  the  other  trib- 
utaries of  the  Ohio.  The  extremely  cold  winter  climate  of  the  elevated  regions  about 
tH  headwaters,  its  rapid  descent  causing  great  velocity  of  current,  the  suddenness  of 
t8  floods,  and  the  number  of  its  short  bends,  all  conff^>ire  to  make  it  remarkable  in  this 
vspoct.  I  allude  so  fully  to  this  subject  because  I  believe  it  a  matter  of  the  greatest 
iii))ortance,  as  aflecting  any  plans  which  may  be  proposed  for  the  improvement  of  the 
•iv«T. 

Reliable  accounts  of  these  ice-gorges  changing  the  channels,  washing  away  bars 
tad  inlands,  and  occasionally  rebuilding  them  elsewhere,  are  difficult  to  obtain ;  but 
hat  such  eft'ects,  due  to  such  causes,  are  often  witnessed  on  this  river  cannot  well  be 
ioiibted. 

At  Kinzua,  in  the  upper  wi<le  bottom-land  region,  54^  miles  below  Oleau,  an  ice- 
jor^t'.  some  years  ago  dammed  the  river  up,  and  caused  it  to  flow  in  a  circuitous  route 
i  mile  or  more  through  the  bottoms,  where  it  washed  off  the  soil  of  cultivated  fields 
ind  caused  much  damage  to  property  before  finally  returning  to  the  channel. 

Another  and  more  remarkable  gorge  happened  in  the  month  of  January,  1877,  within 
he  city  limits  of  Pittsburgh,  opposite  Fiftieth  street  (about  4^  miles  above  the  mouth 
rt'  the  river).  Fiftieth  street,  prior  t<»  that  winter,  terminated  about  midway  of  the 
lool,  2  miles  long,  between  Six-mile  Island  and  Garrison  Ripple.  This  pool  was 
rom  1,000  to  1,100  feet  wide,  the  normal  width  of  the  lower  portion  of  the  river,  and 
n  18(>H,  when  I  had  occasion  to  sound  it,  was  IQlto  14  feet  deep. 

The  ])ool  was  somewhat  bowed  or  crescent-shaped  on  an  arc  of  great  radius,  practi- 
cally straight.  On  this  occasion  the  Allegheny  broke  up  at  a  stAge  of  only  5^  feet, 
vhile,  on  t^e  other  hand,  the  Monongahela  was  in  a  flood  stage,  and  there  is  no  doubt 
hat  it  ponded  back  the  Allegheny  and  checked  its  current  considerably  aliove  Fiftieth 
itreet.  When  the  gorce  formed  in  this  place  the  bed  of  the  river  for  10  miles  above 
>ecame  entirely  choked  up  with  ice  piled  to  the  height  of  betw^een  25  and  30  feet, 
'overing  the  bottoms  in  places.  It  remained  intact  for  several  weeks,  during  which 
period  tne  pent-up  water  excavated  outlets  for  itself  beneath  the  ice.  The  effect  of 
hese  powerful  jets  of  water  was  to  dig  up  and  carry  .away  the  gravel  from  the  bed  of 
he  river  from  a  half  mile  above  Fiftieth  street,  and  deposit  it  m  the  form  of  a  bar  in 
aid-river  below  the  gorge.  This  bar  and  shoal,  containing  6  to  8  acres,  yet  remains, 
ts  top  showing  above  low-water  surface.  This,  then,  is  a  case  of  a  bar  and  shoal  being 
Teatod  where  before  there  was  deep  water  aod  a  fine,  wide  channel.  The  quantity  or 
ce  held  by  this  gorge  may  be  approximately  estimated  at  25,000,000  tons. 

There  are  a  number  of  exceptions  along  this  river  to  the  general  rule  of  the  deepest 
vater  appearing  in  the  bends.  At  some  places,  where  there  are  islands,  the  channel 
n  the  bends  is  entirely  dry  at  low- water,  being  choked  up  with  gravel  two  or  more 
eet  above  the  water  surface  ;  while  the  low-water  course  is  seen  struggling  among 
ocks  and  approaching  the  convex  shore.  The  reason  for  these  exceptions  to  the  rule 
ran,  I  think,  be  only  properly  ascribed  to  the  action  of  ice-gorges.  These  form  more 
olidly  in  the  bends,  beingjlrawn  there  with  most  violence  by  t-ne  high  waters  usually 
itteuiling  the  breakups.  The  weaker  ends  of  these  ice  dams  first  break,  or  are  under- 
ained,  and  thence  results  the  formation  of  a  channel  along  the  convex  shore  into 
vliicli  the  low-water  naturally  draws. 

Such  being  some  of  the  effects  produced  by  the  almost  irresistible  agency  of  ice  in 
his  river,  the  engineer,  in  proposing  plans  for  its  radical  improvement  by  the  use  of 


1772     REPORT   OF   THE   CHIEF   OF   ENGINEERS,    U.    S.   ARMY. 

either  movable  or  permanent  dams,  will  be  called  npon  to  provide  extraordiDary  meau 
for  their  secarity,  and  for  the  permanent  maintenance  of  a  navigable  deptliiD  theii 
pools.  The  future  must  of  course  take  care  of  itself,  but  I  have  thought  in  view  of 
the  damage  annually  done  to  steamers  and  to  other  craft  by  ice  from  this  rirei. 
which  is  tlie  heaviest  that  reaches  the  Ohio,  that  it  would  be  quite  practicablf,  and 
possibly  advisable,  to  construct  severable  movable  dams  at  int-ervals  to  Oil  City,  witb 
several  others  on  the  Kiskiminetas,  the  Clarion,  and  the  Red  Bank,  for  the  sole  psr 
pose  of  being  maneuvered  during  the  winter  with  the  object  of  preventing  bari 
ireezing.  The  lowering  of  these  dams  would,  I  believe,  create  flood-waves  sufficieotlj 
strong  to  break  up  and  carry  off  the  ice.  If  one  of  the  dams  near  Pittsburgh  w^ 
made  a  permanent  structure,  its  overfall  would  tend  to  further  break  up  tbeice-fieldi 
and  make  the  pool  of  the  Davis  Island  dam  a  much  safer  harbor  of  refuge  for  \h 
thousands  of  barges  and  st^^amers  which  will  seek  it  after  the  completion  of  that  im 
portant  improvement. 

BRIDGES  AND  OTHER  ARTIFICIAL  OBSTRUCTIONS  TO  NA>'10ATI0N. 

Special  reference  to  the  obstructions  to  navigation  on  this  river  in  the  shape  of  lov 
bridges  with  short  spans,  the  result  ofinjudfciousStat^  legislation,  having  been  matk 
in  your  report  of  last  year  (Ex.  Doo.  21,  Forty-fifth  Congress,  third  session),  I  appf3^ 
herewith  a  tabulated  statement  of  these  structures,  from  which  it  becomes  evidfii 
that  the  language  employed  was  amply  justified  by  the  factd. 

In  the  column  of  channel  widths  a  deduction  in  every  case  for  the  bridges  beW* 
Warren  should  be  made  of  at  least  oO  feet  to  allow  for  the  thickness  of  piers  and  tk' 
riprap  thrown  around  them.  The  measurements  here  given  are  from  center  to  orate: 
of  piers,  • 

Tdhulated  statement  of  bridges  crossing  the  Allegheny  Miver  in  New  Tork  and  PenntnlfW 

below  Olean  to  Pittsburgh, 


Place. 


Glean,  highway 

Warren  and  Bradford  Railroad 

Allegany,  highway 

Yandalia,  high waj' 

Srie  Railroad,  Bradford  Bnmch 

Tana  Creek,  highway 

Salamanca,  highway 

Little  Valley  Creek  island,  highway 

Red  House,  highway 

Qaaker  Bridge,  highway 

Warren,  highway 

Philadelphia  and  Erie  Railroad 

Tldioate,  highway 

Tionesta,  highway  

Allegheny  Valley  Railroad 

Oil  City,  highway 

f)o 

Franklin,  highway 

Blue  Rock,  hifch way 

Scmbgraaa,  railroad 

Emlenton,  highway 

Parker,  railroad  and  highway 

Brady's  Bend,  railroad  

Kittanning,  highway 

Ereeport,  railroad , 

Sharpsburg,  highwayt , 

Forty-third  street,  highwayt 

Sixteenth  street,  highwayt 

Railroadt 

Ninth  street,  highwayt , 

Sixth  street,  highwayt 

Point,  mouth  of  river,  highway!  . . . 


O 


9 

I 

s_ 

Miles. 

0.0 

•   1,3 

4.4 

10.4 

14.7 

15.1 

23.2 

25.0 

31.0 

36.8 

(n.3 

67.9 

89.7 

104.4 

124.6 

124.8 

125.0 

132.1 

133.2 

14a  3 

165.6 

172.1 

185.7 

210.3 

225.6 

249.9 

251.8 

253.9 

254.3 

254.5 

254.7 

255.2 


s 

I 


Feet 
240 
300 
400 
290 
185 
320 
405 
643 
410 
300 
452 
450 
536 
435 
450 
1,100 
700 
711 
*700 
471 
456 
790 
750 
900 
795 
905 
980 
840 
1,167 
1,044 
1,  036 
1,060 


OD 
O 


3 
3 

4 

3 

1 

4 

5 

4 

3 

4 

1 

3  ' 

2  ' 

4 

8  , 

6 

3 

4 

4 

3 

2 

4 

4 

5 

5 

5 

4 

4 

9 

5 

4 

5 


c  «  c 

•^   O 
tig 

h3 


Feet 
80 
100 
100 
150 
185 
104 
85 
118 
132 
75 
452 
150 
268 
120 
150 
200 
500 
176 
•176 
157 
228 
197 
200 
180 
185 
181 
244 
210 
152 
209 
846 
212 


« 

I. 

P 


Feet 
16.5 
20.0 
19.4 
15.2 
14.4 
26u0 
19.2 
20.0 
S1.0 
17.5 
24.4 
18.6 
27.8 
2&5 
29.0 
28.0 
4L0 
31.5 
27.0 
22.7 
84.0 
34.5 
35.7 
32.7 
8&0 
88.0 
37.0 
39.0 
S&O 
89.0 
37.0 
40.0 


Character  of  stnu^ore. 


Iron  traaa. 

"Wood,  Howe  tmss. 

Iron,  bow<«tring  giril<^- 

Wood,  Queen  tram. 

Wood,  Howe  trass. 

Wood,  Qa<«n  trass. 

Mixed  tnisaes. 

Iron,  bow-string  girdt^r. 

Combination— wood  sad  o^ 

Wood,  Quc»en  truss. 

Suspenaion. 

Covered  woodao  tniss. 

Sospenaion. 

Iron,  bow-st#ing  girder. 

Covered  wooden  trofs. 

Suspension. 
Open  wood  and  iron  trss*. 
Wooden  tmss.  new  (im^- 
Howe  truss,  wood. 
Covered  wooden  srrL 
Iron,  bow-string  girder. 
Howe  truss,  wood. 
Iron,  bow-string  girder. 
Decked  wooden  ar>rh< 
Open  iron  trass. 
Covered  woodra  arch. 

Do. 
Iron  lattice  tross. 
Covered  wooden  srrh. 
Suspension. 
Wood  truss  with  arch. 


*  Estimated. 


fPittsbnrgh. 
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In  addition  to  the  above,  there  are  a  number  of  ponton  bridges  maintained  in  the 
upper  portion  of  the  river  in  the  State  of  New  York,  but  they  allow  rafts  to  pass  in 
tinips  of  freshets.  No  (»ther  navigation  exists  or  is  at  present  contemplated  on  that 
part  uf  the  river,  so  that  these  ponton  bridges,  as  well  as  the  low  bridges  above  War- 
ren, cau  probably  be  tolerated  for  many  years  to  come.  A  steamer  once  actually  as- 
cended the  river  from  Pittsburgh  to  Olean,  but  it  must  have  been  before  the  days  of 
bridges,  as  no  boats  are  constructed  low  enough  to  pass  under  several  of  the  bridges 
above  Warren.  A  height  of  at  least  25  feet  at  Olean,  35  feet  at  Fi-anklin,  and  40  feet 
below  that  point,  shoifld  in  my  opinion  be  given  to  bridges  on  this  river. 

Next  to  the  bridges,  the  rivi  rmen  complain  most  of  the  refuse  from  oil  refineries  and 
acid  worlts  which  is  permitted  to  be  wasted  into  the  river.  The  oil  refuse  is  a  tarry 
snlmtance  which  contaminates  evcrvthing  with  which  it  ccmes  in  (ontact.  It  does 
great  damage  to  the  rafts  of  sawed  lumber,  and  even  the  shingles  piled  on  the  rafts 
are  fretincntly  damaged  by  this  substattce  being  dashed  over  them  by  the  waves  of 
passing  steamers.  The  horses  employed  by  the  guyper  men  in  the  seasons  of  low- 
water,  ill  towing  their  boats  of  limestone,  staves,  bairels,  &c.,  become  smeared  with 
this  tar :  while  at  other  places  the  unfortunate  animals  have  their  legs  cut  with  the 
acid.    This  acid  (refuse  of  vitriol),  diluted  as  it  is  in  the  river,  still  accumulates  in 

t)laces  sufficiently,  concentrated  to  disintegrate  the  fibers  of  cables,  which  frequently 
>reak  as  though  cut  with  a  knife.  For  a  long  distance  below  one  of  these  manufac- 
tories it  is  unsafe  to  bathe  in  the  river.  The  case  of  a  loss  of  life  from  this  cause  waa 
reported  last  year  as  occurring  at  Oil  City.  It  certainly  is  a  gigantic  nuisance  to 
vhich  thousands  can  testify,  and  which  should  be  abated.  As  the  oil  refuse  will  bum, 
it  could  easily  l)e  destroyed  in  that  way. 

Many  rivermen  have  called  oiy  att-enUon  to  these  annoyances,  with  the  hope,  I  sup- 
Iiose,  that  mentioning  them  in  a  report  might  aid  them  in  sec'uring  them  relief. 

Many  years  ago  a  high  and  low  water  line  was  established  by  the  city  of  Pittsburgh, 
beyond  the  outside  limits  of  which  it  was  forbidden  to  extend  embankments.     But 
notwithstanding  the  ordinance  many  establishments  persist  in  building  out  with  their 
furnace  clinkers  obviously  beyond  the  prescribed  limits.     Pipe  lines  for  the  conduit  of 
oil  laid  in  the  bed  of  the  river  occasionally  obHtruct  the  low- water  navigation.    These 
4«xamples,  however,  will  suffice  to  show  the  need  of  an  efficient  revision  of  affairs  on 
this  river  for  the  public  benefit.    No  unity  of  action  can  be  exi>ected  from  those  in- 
terested in  the  navigation.    The  individuals  concerned  are  groping  in  the  dark  and 
feel  that  they  have  no  legal  status,  and  will  continue  to  feel  so  until  more  specific 
legislation  establishes  their  rights.    A  case  in  point  will  illustrate  the  vagueness  of 
the  knowledge  which  even  officials  have  in  regard  to  the  rights  of  navigators.    A 
fiiruace  company  in  1H78  persisted  in  throwing  re<l-hot  cakes  of  cinder,  the  pieces 
often  being  the  size  of  one-half  cubic  yard,  over  the  bank,  where  they  rolled  down  to 
tlio  wat^Vs  edge.     Horses  in  towing  Imats  past  this  place  were  often  severely  burned 
<  I  believe  some  of  them  died).    The  owners  made  complaint  at  the  custom-house.    They 
were  referred  by  the  officials  there  to  the  mayor  of  the  city,  who  desired  to  know 
'Whether  the  furnace  company  was  filling  out  on  their  own  projwrty  or  beyond  the 
line  where  the  jurisdiction  of  the  United  Stat-es  is  supposed  to  begin.     As  this  point 
could  not  be  settled,  nothing  was  done  until  members  of  the  Oil  Exchange  remon- 
strated and  secured  relief  for  the  boatmen. 

TRADE    ANI>   COMMERCE  OF  THE  ALLRGHEXY. 

The  rafting  of  lumber,  as  before  said,  is  the  sole  business  done  on  the  river  above 
Warren.  Below  that  point  steamers  occasionally  use  the  river  for  the  trausiiortation 
of  coal,  &c.,  in  flat-boats,  to  the  Venani^o  County,  Pennsylvania,  oil  regions.  The 
transportation  of  oil  by  rail  and  by  pipe-hues  has  effectually  destroyed  the  river  ship- 
ment of  this  extensive  article  of  commerce,  except  for  that  ]>ortion  destined  for  the 
Ohio  Valley,  or  which  seeks  the  favorable  competing  outlet  from  Huntington,  on  the 
Ohio,  via  the  Chesapeake  and  Ohio  Railroad,  to  Richmond,  Virginia.  A  powerful 
flteamer  and  fleet  of  bulk  oil  lx)atfl,  each  boat  carrying  2,600  barrels  or  7,800  for  the 
fleet,  makes  constant  trips  up  the  river  to  Parker's  and  elsewhere,  whenever  the  water 
^^-ill  permit.  The  proprietor  of  this  line  assures  me  that  a  large  increase  in  the  trade 
T^ould  reault  from  the  improvement  of  the  river,  particularly  by  the  i*einoval  of  the 
daiiK^rous  rocks  which  cause  them  to  withdraw,  while  there  may  otherwise  be  for 
creeks  a  reliable  depth  in  the  channel.  Beside^)  this  line,  five  other  steamers  areuen- 
gajred  in  the  trade  rrom  the  oil  regions  to  Pittsburgh  and  Wheeling. 

The  miscellaneous  business  transact-ed  on  the  river  near  Pittsburgh  is  very  exten- 
sive, particularly  that  which  is  counected  with  the  large  barrel  factoriesi  and  also 
i^ith  the  work-honse,  9  miles  up.  The  superintendent  of  the  work-house  calculates 
that  their  direct  loss  is  over  $50  a  day,  when  they  cannot  receive  their  staves  and  de- 
li ver  their  barrels  by  boat,  which  mode  of  shipment  is  alwavs  preferred  to  the  rail- 
roada.  The  furnaces  at  Httsbnrgh,  chiefly  located  on  the  Allegheny,  consume  annu- 
ally thousands  of  tons  of  limestone,  which  is  brought  to  them  in  barges  from  above. 
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The  honorable  Harry  White,  member  of  Congress,  has  estimated  the  qaantity  of  lam- 
ber  annually  transported  down  the  Allegheny  to  Pittsburgh  at  200,UOO,000  feet,  not 
includHnflr  staves,  &c. 

The  foDowing  are  the  statistics  of  the  lumber  trade  of  the  portion  of  the  river  oorerMl 
by  the  survey ;  they  ^ere  obtained  from  the  mill-owners  at  the  various  points  deag- 
nated: 


Tabulated  statement  of  eawed  lumber  and  other  products  of  timber  shipped  annuallg  frjr  tkt 

Allegheny  River, 


Name  of  place. 


Olean* 

SftlMii^nr-ft 

Corydon 

Kinzua  Creek 

"Warren 

Tidioute 

East  Hickory  Creek 

Tioneata 

Hemlock  Creek 


0.0 
23.3 
4«.2 
56.4 
60.8 
88.8 
ML4 
104.4 
112.0 


u 

a 


J 

a 


m 


Fe€UB.M. 

BmndleM.  \ 

BuadM 

7.000,000 

100.000 

m,m 

5,000,000 

100.000 

Txm 

6,000,000 

55.000 

4uM 

8,000,000 

60.000 

S^.oaf 

2,000,000 

20.000 

l&WC 

7,000,000 

300.000 

200^4 

9,000.000 

80.000  , 

VS^^ 

20,000,000 

200.000  ' 

1«.«« 

4,000.000 

60,000  > 

^9^ 

Total 


68,000,000  1     075,000  7fl«N 


*  Olean  and  above. 


There  yet  remain  to  be  developed  valuable  quarries  of  building-stone,  of  Umcetcat 
for  furnaces,  and  of  glass-sand,  mines  of  coal  and  of  iron  ore,  and  thousands  of  acxr» 
of  hemlock  timber,  the  bark  of  which  is  extensively  used  for  tanning. 

The  market  is  near,  but  the  extensive  development  of  such  natural  resource* 
await  cheaper  transportation,  which  can  only  be  obtained  by  an  improved  river. 


PROPOSED  MBTHOD  OF  IMPROVEMENT — ESTIMATE  OF  COST,   ETC. 


The  proposed  system  of  improvement  in  view  of  the  present  commerce  to  be 
fited,  which,  though  considerable,  is  still  relatively  limited,  which  I  recomni^i»M 
last  year,  viz.  the  removal  of  rocks  from  the  channel  and  the  consrnction  of  wicx- 
dams  at  the  snoals,  still  appears  to  me  the  most  advisable.  It  is  a  cheap  8yst«m,  be 
one  which  meets  the  present  demands  and  which  in  time  will  create  the  neoeasity  ^ 
a  better  method. 

I  have,  in  the  general  description  of  the  river  above  Warren^  designated  a  numbf 
of  places  which  could  probably  be  improved  by  the  construction  ot  wing-daouk  be 
as  the  lumber  trade  is  gradually  declining  new  industries  above  that  point  mast  arat 
before,  in  my  opinion,  any  considerable  expenditure  would  be  justified.  It  would  be 
proper,  however,  to  make  an  exception  ofthe  case  of  the  dam  at  Corydon,  Pa.,  iir«r 
the  State  line. 

At  that  place  certain  saw-mill  owners  have  erected  a  crib-dam  entirely  c1o»in|r  tbf 
river,  the  descent  over  which  is  3^  feet.  At  some  stages  rafts  passing  over  the  dac 
dip  tneir  heads  so  as  to  strike  the  bottom,  and  in  consequence  many  have  l>een  biokft 
up  and  destroyed.  The  upper  rivermen  have  been  persistent  in  their  efforts  to  have 
this  dam  removed,  or  so  modified  as  to  permit  them  passing  it  with  a  greater  de^gr^ 
of  safety,  but  so  far  the  local  courts  have  not  found  a  way  to  affbnl  the  ragmen  anv 
relief. 

There  may  come  a  time,  also,  when  it  will  be  desirable  to  radically  improve  the 
river  to  Olean  in  order  to  take  advantage  of  the  remarkably  low  summit  exiMin; 
between  the  Allegheny,  near  that  point,  and  the  waters  of  the  Genesee  Kiver.  Tbr 
Genesee  Valley  Canal,  constructed  by  the  State  of  New  York,  but  rec^utly  abandoned, 
connected  the  Allegheny  River  via  this  route  with  the  New  York  and  Erie  Canal  at 
Kochester.  The  distance  via  the  canal  to  Rochester  is  107  mil&s;  distance  fromOlt^aa 
to  the  summit  level  14  miles;  to  reach  which  six  locks  only  were  reauin*d,  overcoming 
a  lift  of  67  feet.  From  the  summit  to  Rochester  the  descent  is  9t^  reet,  but  as  301  f«^c^ 
of  this  fall  occurs  in  one  division  of  12  miles  and  530  feet  .of  it  in  another  section  of 
the  same  limited  length,  it  is  quite  probable  that  hydraulic  inclined  planes,  mcb  as 
you  proposed  for  the  Trans-Allegheny  Canal  (see  Report  of  Chief  of  £ngineeni,  U.  S.  A., 
1876,  vol.  2,  p.  82),  could  be  resorted  to  as  a  means  to  avoid  the  delays  attending 
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)xoe8BiYe  lockage.    The  water-supply  at  the  smnmit,  I  understand,  can  be  oonsidera- 
>Iy  enlarged. 

There  is  depth  of  at  least  3  feet  in  the  channel  of  the  Allegheny  to  Warren  on  an 
Average  of  1(K)  days  in  each  year,  and  a  de][>th  of  2  feet  on  an  average  of  130  days. 
[n  1878  I  showed  by  the  records  kept  at  Oil  City,  57  miles  below,  that  the  removid  of 
*ocks  and  the  construction  of  wingndanis  would  add  about  six  w^eeks  to  the  duration 
>f  a  2-foot  stage  to  that  point.  We  may  with  safety  assume  that  the  improvement 
^ill  add  one  month  of  2  feet  water  (the least  practicable  depth  for  steamboats)  to  the 
luration  of  navigation  to  Warren,  thus  making  an  annual  navigation  of  160  days, 
[t  must  be  borne  in  mind  that  the  130  days  dunng  which  the  river  is  now  navigable 
^nnot  all  be  relied  on,  as  the  presence  of  rocks  practically  cuts  off  from  safe  naviga- 
'.ion  all  the  timte  that  the  river  is  actually  below  a  depth  of  3  feet.  In  effect,  there- 
'ore,  the  improvement  will  add  fully  two  months  to  the  perio<l  of  each  year,  during 
nrhich  steamers  and  barges  can  ply  on  the  river  as  high  as  Warren.  This  much 
lecured,  the  bark  industry  and  others  to  be  benefited  could  be  managed  in  the  same 
nanner  as  the  coal  trade  fh)m  Pittsburgh,  which  keeps  relays  of  boats,  some  of  which 
ire  always  at  the  mines  in  readiness  to  depart  whenever  a  rise  comes. 

In  selecting  places  for  improvement  I  have  paid  no  attention  to  shoals  or  ripples 
^hich  have  naturally  1  foot  depth,  and  are  otherwise  clear  of  obstructions.  It  is  not 
K>88ible,  I  believe,  to  maintain  in  extreme  low-water  a  depth  of  over  1  foot  by  any 
system  of  wing-dams  in  this  river  which  will  leave  open  a  space  wide  enough  for  the 
lujfsage  of  tow-boats  with  three  barges  abreast.  A  boat  ana  three  barges,  one  ahead 
md  one  on  each  side,  make  a  safe  Auegheuy  River  fleet. 

Work  on  the  improvement  of  the  Allegheny  was  undertaken  for  the  first  time  during 
!;he  past  season,  ^10,000  having  been  appropriated  for  that  purpose.  With  this  sum 
iwo  wing-dams  were  constructed  and  the  channel  was  tolerably  well  cleared  of  rooks 
'several  thousand  having  been  remoyed)  for  30  miles  above  Pittsburgh.  To  extend 
he  work  already  begun  up  to  Warren  would  cost. as  follows: 

First  ditrision, — Piitsburgh  to  Brady's  JJend,  69  mHes.— The  improvement  to  Brady's 
3end  would  enable  oil  boats  to  load  with  oil  firom  the  Butler  or  lower  oil  regions 
md  would  be  of  the  first  importance  to  the  limestone  trade.  It  would  also  enable 
afts  from  the  Kisklminetas,  the  Ked  Bank,  and  the  Mahoning  rivers  to  descend  with 
lafety  at  the  lowest  stage  in  which  they  can  float.  For  this  division  I  would  estimate 
ts  follows  : 

To  finish  the  two  dams  built  in  1879 $4,00(^ 

2  dams,  costing  $3,500  each 42,000 

Tor  the  removal  of  rocks,  &c. 7,000 

Total 53,000 

Second  divinon — Brady^s  Bend  to  Oil  City,  61  miles. — ^This  division  would  extend  to 
he  heart  of  the  middle  oil  fields,  and  be  of  benefit  to  the  populous  towns  of  Parker 
yity,  Emlenton,  Franklin,  and  Oil  City.  It  would  also  develop  a  large  coal  trade, 
ind  enlarge  the  stave  and  lumber  business  from  the  Clarion  River,  French  Creek,  Ac. 
["his  division  would  require — 

Odams,  costing  |2,500  each $25,000 

Removal  of  rocKs,  &c 3,000 

Total 28,000 

Third  division — (HI  City  to  Warren,  58  miles, — The  improvement  of  this  division  would 
»e  of  great  benefit  to  the  lumbermen,  and  an  advantage  to  the  thriving  towns  of  Tio- 
lesta,  Tidionte,  and  Warren.  It  would  no  doubt  be  the  means  of  developing  an  ex- 
ensive  trade  in  hemlock  bark. 

For  this  division  I  would  estimate  as  follows : 

9  wing-dams,  at  $1,500 $28,500 

''or  the  removal  of  rocks,  &c 2,000 

Total 30,500 

The  total  for  the  improvement  of  188  miles  of  river,  allowing  10  per  cent,  for  engi- 
leering  and  contingencies,  and  including  $10,000  already  expended,  amounts  to 
133,650,  which  makes  an  average  of  less  than  $700  per  mile. 

GENERAL  DESCRIPTION  OF  THE  ALLEGHENY    RIVER   BETWEEN  OLEAN,  NEW  TORS, 

AND  FRANKLIN,   PENNSYLVANIA.,   132  MILES. 

The  survey  was  begun  at  the  month  of  Olean  Creek,  Auffust  22, 1879.  Olean  Creek 
nters  the  Allegheny  Kiver  from  the  right  at  the  town  of  Olean,  Cattaraugus  County 
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New  York.  Below  the  jiiuotion  of  the  Htreauie  there  is  a  detached  har  on  the  right, 
from  the  head  of  which  to  the  upper  end  of  Hoop's  Island^  500  feet,  the  chaund  is 
narrow  aud  crooked,  but  has  a  depth  of  1.1  feet  in  low-water.  The  channel  {mu^st^ 
dowu  to  the  right  of  Hoop's  Island.  There  is  no  trouble  at  this  poiDt,  the  rippk 
being  scarcely  appreciable.  About  1,500  feet  below  the  starting-point,  the  Alleght- bt 
is  crossed  by  an  open  highway  bridge.  It  is  a  through  iron  truss  240  feet  Iddz. 
divided  into  3  spans  of  80  feet  each,  elevated  in  the  clear  1H.5  feet  above  low-water 
surface.  The  raftiug  channel  is  under  the  middle  span.  The  high-waterof  l??73rofc 
15.8  feet  above  low- water  mark,  or  to  within  a  few  inches  of  the  bottom  chords  of 
this  bridge.  Thence  the  channel  continues  in  mid-river,  with  a  depth  of  over  2  ftvt. 
to  Parkers  Dam. 

Parker's  Dam,  1.11  miles  below  Olean, — ^This  is  the  remnant  of  an  old  mdl-dam.  U. 
the  left,  a  portion  of  the  crib-work  remains  standing  2  feet  above  low-water.  Tb^ 
channel  past  this  obstniction  is  150  feet  wide  and  2^  feet  deep  in  low-water.  It* 
descent  in  a  distance  of  300  feet  is  1.42  feet.  For  the  present  no  work  seem&tobe 
necessary  at  this  point. 

Warren  and  Bradford  Narrow- Gauge  Railroad  Bridge,  1.33  miles  below  Olean.— Thiiv 
a  wooden  Howe  truss  through  bridge.  The  abutments  and  piers  are  timber  re^tiii; 
on  piles  driven  into  the  soft  gtavel,  which  for  many  miles  below  Olean  fomui  theU^ 
of  ^e  Allegheny.  This  bridge  has  3  spans  of  100  feet  in  length  each  ;  height  incl»i 
above  low-water,  20  feet.  The  channel-way  passes  under  the  central  span.  Tbeirf 
the  river  is  clear  of  obstructions  and  easy  to  navigate  to  Allegheny  Station. 

Allegheny  Station,  4.43  miles  below  Olean, — This  is  a  station  on  the  Erie  Railroad, c 
the  right  bank  of  the  river.  The  river  is  here  crossed  by  a  highway  bridge  of  ^ 
spans,  each  100  feet  in  length.  One  of  the  shore  spans  is  built  of  wood,  but  the  otb^ 
tnree  are  iron  bow-string  girders.  The  bridge  is  19.4  feet  in  the  clear  above  theip 
water  surface.  The  channel  under  either  ot  the  central  spans  is  taken  by  the  ran- 
men.  Thence,  after  passing  three  ripples,  with  a  least  depth  of  7  incbee  and 
scarcely  appreciable  fall  (see  tables  of  ripples),  the  channel  remains  good  to  Vftudt  • 
Station. 

Vandalia  Station,  on  the  right  bank,  10.4  miles  below  Olean, — The  station  is  aW 
half  a  mile  distant  from  the  river,  across  a  low,  flat  bottom,  A  bridge  crosses  tb^ri''^: 
at  this  x>oiut.  It  is  a  cheap  wooden  highway  bridge  of  Queen  trusses,  with  tbreo  spi'r 
as  folU)ws:  right  shore  span  60  feet,  middle  150  Siet,  left  shore  80  feet.  The  miri- 
span  has  fallen  dowu,  and  as  the  chauuel  passes  through  this  opening  the  bridge,  ^' 
far  as  height  is  concerned,  is  no  obstruction.  As  originally  built,  its  height  in  ^^' 
clear  was  15.2  feet  above  low- water  surface.  The  missing  span  was  doubtless  etnt" 
out  by  a  tlood.    The  channel  remains  good  to  an  island  0.8  mile  below  the  bridgi^. 

Island,  11.1  miles  below  Olean. — ^This  is  the  first  island  below  Olean.  It  is  &X>  tV 
long,  but  as  it  is  entirely  covered  at  a  4- foot  stage  it  scarcely  deserves  the  name.  T- 
ohaunel  passes  down  the  right-hand  chute  ana  has  a  depth  of  1.8  feet.  Lengt'^" 
ripple,  1,300  feet;  fall,  2.06  feet.  This  is  the  first  considerable  ripple.  The  boir: 
throughout  is  tine  gravel,  no  rocks,  either  solid  or  detached,  having  yet  been  notv^ 
in  the  river  bed.  The  channel  thence  remains  good,  with  no  important  ripples,  Kt* 
bridge  of  the  Bradford  Branch  of  the  Erie  Railroad. 

Bradford  Branch  Railroad  Bridge,  14.7  miles  below  Olean, — ^This  is  an  uncovered  thropr 
bridge  of  wooden  Howe  trusses,  and  it.  crosses  the  river  with  one  span  of  1^  J'^' 
The  abutments  have  been  extended  50  feet  out  into  the  river  on  each  side,  nanw'^s; 
the  natural  width  100  feet.  As  its  lower  chords  are  only  14.4  feet  al>ove  low-waK 
surface,  the  bridge  will  probably  be  carried  away  by  the  first  hi^h  freshet.  It  ^ 
been  built  since  the  sudden  development  of  petroleum  in  the  Bradford  oil  region,  t" 
it  is  questionable  whether  it  will  last  as  long  as  the  excitement  in  that  district. 

Tana  Creek,  15  miles  below  Olean. — This  is  a  considerable  tributary  entering  frooi  ^*' 
south  or  left  hand.  It  hea<la  in  McKean  County,  Pennsylvania,  and  passes  thm-ii- 
the  Bradford  oil  country.  A  large  number  of  rafts  come  down  this  streani  in  II^'- 
water  from  Bradford,  which  is  12  miles  up.  Immediately  below  its  mouth  the  AH' 
gheny  is  crossed  by  a  bridge. 

Ikna  Creek  Bridge,  15.1  miles  below  Olean. — ^This  is  an  uncovered  highway  bridirt'  f 
wooden  Queen  trusses,  with  a  total  length  of  320  feet.  It  has  two  channel-span*:  ^*;* 
of  104  feet,  and  two  shore-spans,  the  right  one  being  72  feet  and  the  left  one  40  ft*'" 
The  elevation  in  the  clear  above  the  low-water  surface  is  26  feet. 

Bridge  18  miles  below  Olean. — A  ponton  bridge  crosses  the  river  at  the  18th  mil*.  ^- 
length  is  230  feet.    It  is  arranged  so  as  to  be  swung  open  in  the  rafting  season. 

Upj}er  Horseshoe  Bend  Ripple,  19.5  miles  below  Olmn. — ^This  is  the  first  point  W*" 
Olean  at  which  raftsmen  have  serious  trouble.  A  small  gravel-bar  divides  the  fDia- 
nel.  On  the  right  the  least  depth  is  1 .8  feet,  but  the  channel  is  onlv  60  feet  wid«-  ^- 
the  left  the  channel  is  150  feet  wide,  with  a  depth  of  1.2  feet.  The  fell,  in  adist^fj 
of  850  feet,  is  1.62  feet.  A  wing-dam  150  feet  long,  closing  the  right  chute,  woiut. 
probably  be  the  means  of  washing  out  an  easier  channel  for  the  raftsmen. 

Bemie  Boom,  20.7  miles  from  Olean.^This  boom  is  oonstmcted  of  piles  drivfln  at  ^ 
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ervala  of  a  few  feet.  It  extends  from  the  left  shore  diasonally  across  the  river.  At 
n  point  750  feet  below  its  head  the  channel  is  reduced  by  it  to  a  width  of  150  feet, 
rho  entire  length  of  the  boom  is  2,100  feet,  terminating  opposite  the  large  saw-mill  of 
Mr.  J.  M.  Bemis.  Immediately  below  the  saw-mill  the  river  is  crossed  by  a  ponton 
bridge  300  feet  long. 

Tuna  Lumber  Company  Boom,  21.7  miles  heloto  Olean, — ^This  boom  starts  from  the  right 
l»ank  and  extends  iliagonally  towards  the  left.  At  a  distance  of  600  feet  trom  its  head, 
near  the  left  shore,  a  channel  100  feet  wide  is  left  open.  The  boom  continues  along 
the  left  shore  below  the  opening  a  further  distance  of  3,700  feet.  The  channel  is  on 
:ho  outside  of  the  boom  and  close  to  it  for  some  distance,  mitil  it  leaves  the  boom  to 
;ake  down  the  right  chute  of  Lewis  Island. 

Leicis  Island,  22.3  miles  helow  Glean, — Great  Valley  Creek  enters  from  the  right  2,000 
Wx  above  the  head  of  the  island.  Some  years  ago  the  Tuna  Lumber  Company  closed 
the  right-hand  chute  of  the  island  (the  present  channel)  with  a  low  dam,  the  inten* 
ion  being  to  aid  their  water-power.  The  old  channel  was  down  the  left-hand  chute, 
jut  this  chute  was  afterwards  closed  by  a  mill-dam  built  entirely  across  it  2,800  feet 
:>clow.  That  side  has  now  become  so  filled  with  obstructions  that  it  is  no  longer  nav- 
gable.  There  is  a  fall  of  9  inches  at  the  dam  across  the  right-hand  channel.  The 
'eniov.ll  of  this  dam  would  benefit  the  shoals  below.  The  average  width  of  the  chan- 
jcl-chnte  is  250  feet. 

Salamanca  Bridge,  23.2  miles  beloio  Olean, — This  is  a  highway  bridge  that  crosses  the 
•iver  (JOO  feet  below  the  foot  of  Lewis  Island.  It  stands  in  shallow  water  in  a  ripple, 
vhieh  in  a  length  of  1,200  feet  falls  3.32  feet,  and  has  a  least  depth  of  11  inches.  It 
8  the  most  decided  fall  so  far  observed  on  the  river  below  Olean.  The  bridge  is 
livided  into  five  spans,  the  three  in  the  center  being  of  iron,  and  each  85  feet  long, 
riie  right-shore  span  is  1(X)  feet  and  the  left-shore  span  50  feet  long,  both  through 
wooden  trusses.  The  entire  length  of  the  bridge  is  405  feet.  It  has  stone  piers  rest- 
ing on  piles.  The  best  channel  passes  imder  the  central  span.  Height  in  the  clear 
ibove  low- water  surface,  19.2  feet.  Salamanca,  on  the  right  bank,  is  a  large  and 
hriviug  town,  and  is  an  imjK>ttant  railroad  center.  On  the  left  bank,  opposite  the 
ower  end  of  the  town,  is  the  Tuna  Lumber  Company  saw  and  planing  mill.  It  has  a 
luily  capacity  of  25,000  feet,  board  measure,  of  lumber. 

Little  Valley  Creek  Island,  24.9  mil^  below  Olean. — At  the  mouth  of  the  creek,  which 
outers  from  the  right  below  the  head  of  the  island,  a  bar  of  fine  gravel  has  made  out 
ut<»  the  river,  bv  w^hich  the  channel  is  narrowed  to  a  width  of  80  feet,  forming  a 
(tron^  ripple  ^vitu  a  depth  of  1.3  feet.  Passing  this  island,  in  a  distance  of  2,400  feet 
he  river  falls  3.71  feet.  A  wing-dam  200  feet  long,  closing  the  left  chute  of  the 
8land,  would  effect  a  decided  improvement  to  the  navigation.  About  the  middle  of 
he  island  a  wagon-bridge  of  iron  bow-string  girders  crosses  the  river.  Over  the 
iglit  chute  it  has  two  spans  of  100  feet  and  one  span  of  118  feet ;  over  the  le^  chnte 
t  has  one  span  of  100  feet.  The  intermediate  section  on  the  island  (225  feet  long)  is 
supported  on  piles.  Total  length  of  bridge,  643  feet ;  height  in  the  clear  above  low- 
tvater  surface,  20  feet.  Immediately  below  Little  Valley  Creek  Island  another  island 
>ccurs.  The  channel,  in  passsng  abrujitly  to  the  left  chute  of  this  island,  is  reduced 
;<>  a  width  between  the  islands  of  200  feet.  Very  little  water  passes  to  the  right  of 
:he  second  island  at  the  present  low  stage.    No  particular  trouble  here. 

Bucktooth  Island,  25.7  miles  below  Olean. — The  length  of  this  island  (which  is  culti- 
vated) is  4,000  feet.  The  channel  is  to  the  right,  with  a  general  width  of  250  feet. 
S>nr  its  foot  Bucktooth  Run  enters  the  river  from  the  right,  and  has  pushed  out  a  bar, 
naking  a  shoal  ripple,  the  least  depth  being  9  inches.  There  are  3  ripples  in  the 
;hute  of  this  island,  with  a  total  descent  of  5.29  feet.  From  the  foot  of  the  island  to 
lamison's  Falls  the  depth  is  good. 

Jamison's  Falls,  27.5  miles  aelotc  Olean. — Length  of  ripple,  150  feet ;  fall,  1.81  feet ; 
east  depth,  9  inches.    Bottom  composed  of  small  bowlders. 

JamtHon's  Island,  28.4  miles  below  Olean. — Island  600  feet  long  and  200  feet  wide. 
Channel  down  the  right.  The  chute  is  shoal  throughout.  In  a  distance  of  200  feet 
he  river  falls  2.74  feet,  with  a  least  deptli  of  9  Inches.  There  are  some  loose  rocks  in 
he  channel,  which  could  be  removed  to  advantage.  A  wing-dam  200  feet  long,  clos- 
ng  the  left  chut«,  would  add  considerable  water  to  the  channel.  On  the  right  shore 
here  are  a  number  of  rocks,  varying  in  size  from  ^  to  2  cubic  yards.  These  are  the 
irHt  rocks  appearing  along  the  river  below  Olean,  and  are  indicative  of  a  change  in 
ho  characteristics  of  the  stream.  Thence  to  Sunfish  Island  the  channel  remains  in 
nid-river.    No  trouble. 

'Sunjish  Island,  30  miles  belmc  Olean. — This  island  was  once  cultivated,  but  has  been 
*o  umch  eroded  bv  the  river  that  at  present  it  is  a  mere  gravel  bar,  covered  at  a  3^- 
root  btage.  It  is  800  feet  long  and  300  feet  wide.  The  channel  is  on  the  left  200  feet 
R  ide.  A  narrow  chute,  only  50  feet  wide,  takes  around  the  right.  The  entire  length 
>f  the  ripple  is  1,050  feet,  with  a  fall  of  3.03  feet,  and  a  least  depth  of  1  foot.  No  im- 
l>roYement  appeai-s  to  be  necessary.  On  the  right  shore,  600  feet  below  the  Idand, 
here  is  a  large  crescent-shaped  gravel  bar,  1,200  feet  long  and  250  feet  wide,  covered 
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at  a  1.5-foot  stage.  The  chaonel  paaees  to  the  left  of  the  ba^  and  has  a  leart  depth  of 
1 1  inchee.  The  ripple  ia  300  feet  long,  with  a  fall  of  1  foot,  ana  a  channel  950  feet  wide. 
No  trouble. 

Bed  Hauae  Bridge,  30.98  mUm  beUne  Oleam, — ^Thla  ia  an  uncovered  thnragh  highiray 
bridge,  composed  of  combination  (wood  and  iron)  tmsses.  The  entire  le&gtli  is  4lu 
feet,  which  is  divided  into  3  spans  of  the  following  lengths,  measored  from  center  to 
center  of  piers :  right  hand  span,  170  feet ;  middle  span,  132  feet ;  left  channel  or  shore 
span,  106  feet.  It  rests  on  masonry  piers  and  abutments.  The  channel  paMe§  osder 
tne  middle  span.    Height  in  the  clear  above  low-water  surface,  21  feet. 

Hed  House  Creek  lelandt  31.8  milet  belaw  Olean, — ^The  length  of  this  island  i«  \M*' 
feet  and  the  general  width  is  200  feet.  The  channel  passes  down  the  left  chate  ind  » 
about  1^  feet  wide,  except  at  a  point  about  midway,  where  it  is  narrowed  to  l"^- 
feet  by  a  bar  extending  out  firom  the  left  shore.  Ripple  at  head,  200  feet  long ;  fall.  l.i^ 
feet ;  depth,  11  inches.  Ripple  midway  in  chute,  5^  feet  long;  fall,  0.95  foot;  dt'ptL 
11  inches.  Considerable  water  wastes  down  the  right  chute.  A  wing-^m  IdO  ftc! 
long,  closing  that  side,  would  deepen  the  channel.  The  bottom  here  is  oompoeed  ci 
line  gravel. 

HiSl  House  Creek,  nearly  dry  at  this  season,  enters  from  the  left  400  feet  below  the 
island.    Thence  for  2,000  feet  the  depth  is  good  to  Red  House  Island. 

Med  House  Island^  32.5  miles  helow  Olean, — ^The  length  of  this  island  is  1,600  feet,  kh 
its  width  is  2O0  feet.  It  is  covered  with  timber.  The  channel  passes  down  the  iCtt 
chute.  A  rapid  from  near  the  head  of  the  island  extends  600  feet,  falling  2.49  kr: 
with  a  least  depth  of  11  inches.  The  right  chute  carries  a  strong  stream  50  feet  ^i^ 
even  at  this  low  stage,  which  might  be  turned  into  the  channel  by  closing  that  ^^ 
with  a  low  dam  400  feet  long,  rrom  the  foot  of  this  island  to  Robinson's  kkoc.  < 
distance  of  4,000  feet,  the  channel  is  easy. 

HobiitsoH^s  Isl4tnd,  33.8  miles  helow  O^wa.— Length  of  island,  1,900  feet;  patn 
width,  225  feet.  The  channel  passes  down  the  left.  A  gentle  ripple,  with  a  deptli  • 
1.5  feet,  occurs  at  the  head  of  the  island.  It  is  not  troublesome.  There  is  SDothr 
ripple  near  the  foot  of  the  island,  known  as  ^' Josh  Billings*  Ripple."  In  a  length- 
400  feet  there  is  a  fall  of  1.40  feet,  with  a  depth  of  2  feet.  No  improvement  seeiri*' 
be  rec^uired.  From  the  head  of  Josh  Billings'  Ripple  a  low  bar  begins  to  appear  oo  ib 
left  of  the  channel.  It  is  1,300  feet  long  and  200  feet  wide  at  its  widest  part.  A  littr 
water  escapes  to  the  left  of  it,  and  the  whole  is  covered  by  a  rise  of  6  inches.  At  t^ 
foot  of  this  bar  there  is  a  wide-spread  shoal  and  ripple  600  feet  long,  falling  2.38  fn* 
with  a  least  depth  of  1.5  feet.    No  special  difficulty  in  the  navigation. 

Island^  35.9  miles  helow  Olean, — ^Length  of  this  island,  2,400  feet ;  greatest  width,  f' 
feet.  The  channel  is  down  the  right  chute.  The  bar  from  .the  head  of  the  island  n 
another  from  the  right  shore  contract  the  channel  to  a  width  of  11%  feet.  Ther^  - 
also  a  short,  strong  ripple,  the  river  falling  1.02  feet  in  a  distance  of  150  feet  h*- 
depth  o&L  ripple,  11  inches.  Only  a  trifling  quantity  of  water  passes  to  the  left  of  ti/ 
island. 

Quaker  Bridge  Island,  36.5  miles  below  Olean, — Length,  1,400  feet;  greatest  width.  U' 
feet.  The  deepest  channel  passes  down  the  right  chute.  Below  thenead  of  the  iala:- 
a  rip]>le  occurs  measuring  600  feet  in  length,  with  a  fall  of  1.43  feet  and  a  least  d«l>> 
of  11  inches.  Above  the  nead  of  the  Island  the  remains  of  5  piers,  possibly  remiis^ 
a  bridge,  obstruct  the  channel.  These  should  be  removed  in  case  a  s^enenil  system  - 
improvements  is  undertaken  on  this  portion  of  the  river.  The  island  divides  the  ^' 
ume  of  the  water  about  equally,  so  that  the  constniction  of  a  wing-dam  closing  eit^' 
side  would  undoubtedly  improve  the  depth  in  the  chute  loft  open. 

Quaker  Bridge,  36.8  miles  heUno  Olean, — ^The  bridge  crosses  tiie  river  above  the  i^^} 
of  the  island  above  mentioned.  It  is  a  wooden  Queen  truss,  resting  on  wooden  p' 
piers.  The  entire  length  is 300  feet, divided  into  4  spans,  averaging  75  feet  each.  I' 
clear  height  above  low- water  is  17.5  feet.    One  pier  stands  on  the  island. 

Hotcihkiss  Island,  :^  miles  helow  Ofeaft.— This  is  a  cultivated  island  4,500  feet  lon;:,a> 
with  a  maximum  width  of  425  feet.  From  above  its  head  a  small  island  on  the  n£^' 
laps  with  it  a  short  distance.  The  channel  is  between  these  two  islands,  and  etc 
tinues  down  the  main  or  right  chute  of  Hotchkiss  Island.  There  are  three  rippl<^t 
this  chute.  The  first,  at  the  head  of  the  island,-is  850  feet  long  and  falls  1.55  feet,  vii 
a  depth  of  1.5  feet.  The  second  ripple,  near  the  middle  of  the  chute,  is  1,000  feet  loa^ 
with  a  descent  of  210  feet,  and  a  least  depth  of  1  foot.  The  third  ripple  ia  lietw«*- 
the  foot  of  the  main  island  and  another  small  island  to  the  right.  The  lovr-wiM 
width  is  only  100  feet.  The  length  of  this  ripple  is  200  feet ;  its  fall  is  1.41  fet^t,  as 
its  depth  is  1  foot.  There  is  no  trouble  for  rafts  at  this  island,  but  as  a  cotisideral-^ 
volume  of  water  eRcapcs  down  the  left  chute  of  the  large  island,  an  improveiu<'^' 
could  be  effected  by  closing  that  side  with  a  wing-dam  250  feet  long. 

Fish  Basket  Ripple,  38.3  miles  helow  Olean.— At  this  point  a  low  bar  500  feet  lon^'.c*'^- 
ered  at  a  2-foot  stage,  divides  the  river.  The  channel  is  to  the  right  and  there  i»^* 
special  difficulty.  The  length  of  the  ripple  is  450  feet,  with  a  f all  of  IJM  feet  and  » 
least  depth  of  1.8  feet.    About  one-half  mile  below  there  are  two  gravel  ban  in  uix- 
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river  with  a  narrow  chnte  between  tliem.  Either  shore-channel  oan  be  navigated 
past  this  obstruction,  though  neither  has  a  depth  of  over  10  inches.  The  entire  fall 
of  the  river  here  is  3.37  feet  in  a  distance  of  800  feet.  Suggestions  for  improvement 
are  deferred  for  the  present. 

Holiday's  Ulandj  39.9  mi/M  helaw  OZtfon.— Length.  2,000  feet :  greatest  width,  300  feet. 
The  channel  is  down  the  left  side.  At  the  foot  of  the  island  there  is  a  strong  ripple, 
falliug  2.84  feet  in  a  distance  of  300  feet.    Least  depth,  10  inches. 

Pune  Bun  Baty  41.3  miles  htlow  Ofean.— This  bar  is  situated  in  mid-river.  It  is  900 
feet  long  and  275  feet  wide,  and  is  covered  at  a  2i-foot  staee.  Nearly  all  the  water 
now  passes  to  the  right,  but  at  one  place  the  wat«r  suitace  is  only  80  feet  wide ; 
length  of  ripple,  530  feet;  descent,  1.83  feet;  least  depth,  1.1  feet.  No  improvement 
is  suggested. 

XtmestoM  FalUy  41.6  mtlea  helow  Olean, — ^The  river  here  falls  over  a  solid  ledge  of 
limestone.  At  this  stage  the  water  surface  is  200  feet  wide.  The  entire  length  of  the 
ranid  is  650  feet,  descending  3.84  feet,  with  a  least  depth  of  1  foot.  Fragments  of  the 
leuge,  avera|j;ing  half  cubic  yard  in  size,  render  this  place  hazardous  for  rafts  during 
the  lower  ratting  stages.    The  removal  of  these  rocks  would  be  advisable. 

The  channel  over  the  falls  is  near  the  left  shore.  At  this  point  on  the  right,  an 
inland  2,900  feet  long  begins.  No  water  passes  behind  it  excepting  at  high  stages. 
The  islaud  belongs  to  the  heirs  of  Complanter,  a  celebrated  Indian  chief  of  the  Six 
Nations.  At  the  foot  of  the  island  (42.2  miles)  a  low,  flat  bar,  covered  at  a  2-foot  stage, 
extends  out  250  feet  into  the  river  from  the  left  and  continues  for  a  distance  of  1,S)0 
feet.  This  bar  throws  the  channel  close  to  the  foot  of  the  island,  whence  it  continues 
along  the  right  shore  below.  Length  of  ripple  at  this  point,  400  feet;  fall,  1.49  feet: 
de))th,  1.2  feet ;  width  of  channel,  150  feet.  QPOPF 

Zeigler  Bar,  42.7  miles  helow  Glean, — This  bar  extends  out  from  the  right  shore  175> 
feet  and  is  900  feet  long.  Length  of  ripple,  400  feet;  fall,  1.49  feet;  least  dejitli,  X 
foot.    Channel  near  left  shore.    No  trouble. 

Bucktooth  Islandf  No,  2,  43  miles  below  Olean. — Island  700  feet  long,  150  feet  wide. 
The  best  channel  passes  down  the  left  chute.  The  water  is  about  equally  divided  by 
the  island.  The  least  depth  found  was  only  6  inches.  A  wing-dam  300  feet  long,  to 
cloHc  the  right  chute,  would  be  advisable.  The  ripple  is  300  feet  long,  with  a  fall  of 
l.:tt  feet. 

JSaw  Mill  Island^  43.4  miles  helow  Olean. — ^This  island  is  800  feet  long  and  175  feet 
wide.  The  channel  passes  to  its  left,  but  at  one  point  it  is  contracted  to  a  width  of 
only  50  feet  by  a  gravel  bar  from  the  left.  The  bar  is  covered  at  a  2i-foot  stage.  The 
least  depth  in  the  channel  is  11  inches,  but  this  might  be  increased  by  closing  the 
right  chute  of  the  island  and  the  left  chute  of  the  bar.  The  ripple  falls  2.97  feet  in 
the  space  of  600.  A  sHort  distance  below  this  island  there  is  another  ripple,  falling 
1  foot  in  300,  with  a  depth  of  1  foot.  As  the  water  is  united  and  the  channel  in  mid- 
river,  no  improvement  is  suggested. 

Little  Islandy  44.3  mtZe«  helow  Glean. — ^Length  of  island  proper,  400  feet ;  width,  80 feet. 
The  channel  parses  close  to  the  left  shore  and  is  straight.  The  right  chute  of  the 
island  is  500  feet  wide,  but  it  is  obstructed  by  a  high  bar,  almost  an  island,  between 
which  and  the  island  considerable  water  wastes  in  a  swift  narrow  passage. 

Immediately  below  the  island  an  extensive  low  flat  bar  pushes  out  fiom  the  right 
shore  to  the  mid-river  line,  but  does  not  interfere  with  the  low- water  channel.  The 
length  of  ripple  in  the  channel  chute  of  Little  Island  is  875  feet>,  with  a  fall  of  2.2S^ 
ii^ctj  and  a  least  depth  of  1  foot.  The  bottom  is  composed  of  fine  gravel.  It  may 
eventually  prove  advisable  to  close  this  right  chute  of  the  island.  A  dam  500  feet 
long  will  be  required. 

Sew  York  and  Pennsylvania  State  line,  45.1  miles  heUno  Glean. — At  this  point  there  is  a 
shore  bar  extending  out  from  the  left  bank  to  mid-river.  There  is  a  gentle  ripple 
libreast  of  the  bar,  which  has  a  length  of  400  feet,  a  fall  of  0.81  foot,  and  a  depth  of  1 
foot.  It  terminators  600  feet  north  of  the  line.  The  State  line  is  the  southern  ter- 
minus of  the  Seneca  Indian  Keservation,  which  extends  up  40  miles,  with  a  width  on 
each  side  of  the  river  of  one-half  mile.  Considerable  tracts  of  this  land  have  been 
U'aHod  to  the  whites.  For  the  most  part  the  land  is  a  wide,  fertile  bottom ;  but  the 
[luliaiiH  prove  to  be  indiflcrent  farmers,  the  young  men  preferring  the  excitement  of 
L-aftiuir  to  regular  labor.  These  aborigines  are  remnants  of  the  Senecas  and  Onanda- 
roA,  of  the  Six  Nations.  But  few  if  any  of  the  pure-blooded  original  stock  can  be 
found  among  them.    They  immber  in  all  about  500. 

( 'orydon  Dam^  46.2  miles  helow  Glean. — ^This  artificial  work  is  at  present  a  complete  ob- 
it met  ion  to  navigation,  excepting  at  hi^h  stages  in  the  river.  Practically  the  dam  is  the 
lead  of  navigation.  It  is  made  of  timber  cribs  filled  with  stone  and  sheeted  with 
>laiik^  Its  length  is  280  feet  and  it  entirely  closes  the  river.  The  fall  is  3.54  feet. 
3 n  the  left  two  mill-races  conduct  to  the  saw-mills  of  Charles  &,  Co.  and  Morrison  &, 
^o.,  each  of  which  has  a  daily  capacity  of  20,000  feet,  board  measure.  On  the  right. 
>c'lt>w  the  dam,  is  a  saw-mill,  the  property  of  Mr.  J.  Dalrymple,  with  a  capacity  eqaal 
,o  the  others.    Immediately  oclow  the  dam  there  are  two  rough  stony  bars,  which  aro 
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covered  at  a  2^-foot  Htage,  and  have  a  channel  between  them  that  i«  only  75  fivt 
wide.  Rafts  passing  over  the  dam  at  moderate  stages  bend  so  much  as  to  strikf*  tht* 
bottom  ;  many  have  m  this  manner  been  entirely  broken  up.  The  ripplo  b<»tween  the 
bars  below  the  dam  has  a  length  of  600  feet,  with  a  fall  of  2.77  feet,  and  a  least  depth 
of  9  inches. 

Bippley  46.7  miles  below  Olean. — At  this  noint  a  bar  extends  out  from  the  risht  shon- 
somewhat  confining  the  channel.  Lengtn  of  ripple,  475  feet;  descent,  1.24  lEet;  least 
depth,  1  foot.     No  improvement  suggested. 

Hook'8  Island,  47  miles  Mote  Glean.— heugth,  1,400  feet ;  width,  300  feet.  The  chan- 
nel is  to  the  left,  and  easy  until  the  foot  of  the  island  is  reached,  where  there  is* a  rij*- 
pie  passing  lK»tween  the  head  of  a  second  island  on  the  right  and  a  small  isolated  bar 
on  the  left ;  length  of  ripple,  300  feet ;  descent,  2.28  feet ;  least  depth,  11  inches.  For- 
merly there  was  an  island  on  the  left  known  as  Woodbeck's,  but  the  tUxid  of  lr65 
washed  it  entirely  away,  leaving  only  a  low  gravel  bar  2,500  feet  long  and  iJ5<»  fet-t 
across  at  its  widest  point.  It  is  now  covered  at  a  3-foot  stage.  No  water  passe$i  to 
the  right  of  Hookas  Island  excepting  at  freshet  stages. 

Brown's  Island,  47.5  miles  below  oTean. — This  island  begins  on  the  left  inimetliateb 
below  the  tVmt  of  Woodbeck*s  Bar.  It  is  4,000  feet  long.  The  maiu  body  of  the  river 
here  ])asses  between  two  islands,  the  one  on  the  right  being  3,0(K)  feet  long.  A  rij»- 
ple  occure  between  the  islands  (at  the  47.6;^  mile),  whose  length  is  300  feet ;  fall.  Lift* 
feet ;  and  depth,  1  foot.  T1m»  bottom  of  this  ripple  is  composed  of  bowlders  larger  than 
any  heretofore  obser>'ed.  At  a  distance  of  900  feet  below  there  is  another  rippli- 
locate<l  opposite  the  foot  of  the  right-hand  island.  Here  also  the  bottom  is  com|K*«*<i 
of  bowlders.    Length  of  ripple,  150  feet;  descent,  0.57  foot;  depth,  11  inches. 

Cornplanler  Falls  and  Island,  48.6  miles  below  Olean, — Length  of  this  island,  3,400  fwt. 
At  its  widest  part  it  measuree  400  feet,  exclusive  of  its  beaches.  The  channel  is  to  f  h« 
left,  and  is  of  ample  breadth  excepting  at  the  **  falls"  or  tirat  ripple,  situated  just  below 
the  head  of  the  island.  Here  a  low  bar  from  the  left,  covered  at  rafting  staiges.  rou- 
tines the  current  to  a  width  of  140  feet.  The  bottom  of  the  **liills''  is  conipose^I  o(  a 
cemented  gravel.  Length  of  ripple,  200  feet;  descent,  1.97  feet;  depth,  1.4  feet.  The 
chute  is  rather  shoal  throughout,  and  has  a  succession  of  ripples,  which  aggregate  in 
length  1,600  feet,  with  a  total  fall  of  6.23  feet,  and  a  least  depth  of  1  foot.  (See  table 
of  ripples  for  details.)  No  improvement  suggested.  At  the  fiftieth  mile  from  Oleaa, 
opposite  the  mouth  of  Complanter  Creek,  which  enters  from  the  right,  a  gravel  bar 
divides  the  channel  about  equally,  and  gives  a  depth  of  11  inches  on  either  side,  with 
a  scarcely  appreciable  ripple. 

Cornplaniei'  Island  Xo.  2,  50.4  miles  below  Olean. — ^This  island  is  al>out  1^^  miles  in 
length  and  700  feet  across  at  the  widest  point.  The  channel  is  to  the  right.  The 
left  chute  of  the  island  is  clcssd  near  its  foot  with  a  dam,  famishing  power  to  a  sav- 
mill.  The  owners  at  one  time  attempted  to  close  the  right  or  channel  chut-e  by  means 
of  a  wing  dam.  A  piece  of  this  dam,  100  feet  long,  projecting  into  the  channel  from 
the  head  of  the  island,  should  be  removed.  About  8,500  feet  below  the  head  of  the 
island  an  ice  gorge  in  1865  was  the  means  of  cutting  the  island  in  two.  Through  thi^ 
slough,  which  is  about  100  feet  wide,  considerable  water  wastes  from  the  channeL 
There  are  7  ripples  in  all  in  the  channel  chute  of  this  island,  aggregating  in  length 
1,850  feet,  with  a  descent  of  9.42  feet.  The  worst  one,  known  as  ''Uilman's  Bar,**  i* 
just  below  the  cnt-ofi".  Here  the  channel  is  ver>'  much  contracted,  passing  between 
a  central  bar  and  the  island.  Length  of  ripple,  500  feet ;  fall,  3.03  feet:  least  depth. 
11  inches.  These  shoals  would  be  much  imjiroved  if  the  left  chute  of  the  island  and 
the  slough  referred  to  were  closed  by  means  of  wing-dams. 

Bill^^s  RinpUj  52.3  miles  below  Olean. — ^There  are  here  two  small  detached  gravel 
bars  on  the  left  of  the  channel,  and  an  extensive  shore  bar  on  the  right.  No  tn>ab)e. 
Ripple  falls  1.80  feet  in  a  distance  of  500  feet. 

Schoonorer  Island  and  Falls,  52.6  miles  belotv  Olean. — This  island  stands  in  mid-river. 
Its  entire  length,  including  bars,  is  1,200  feet,  and  it  is  300  feet  wide.  There  is  no 
special  trouble  here.  The  best  channel  is  down  the  right  chute,  in  which  there  are 
two  moderate  ripples,  together  mctisuring  725  feet  in  length,  with  a  fall  of  2.51  feet 
and  a  least  depth  of  1.4  feet. 

Ilarrison^s  Ripple  and  mouth  of  Sugar  Creek,  53.3  miles  below  Olean. — Length  of  ripi»l«*. 
400  feet ;  descent,  1.57  feet ;  depth,  1  foot.  No  trouble  at  this  iwint.  There  is  a  larg»* 
island  on  the  right  of  the  channel,  but  no  water  passes  beliind  it,  excepting  at  high 
stages ;  2,200  feet  below,  Harrison's  Lower  Ripplo  is  encountered.  Hen*  in  a  distantv 
of  f'OO  feet  the  river  falls  3. 12  feet,  with  a  depth  of  11  inches.  Near  its  lower  end  somf 
water  escapes  to  the  right  of  a  detached  bar.  No  improvement  is  suggested  at  pre»eor. 
Kimua  Island,  54.5  miles  below  Olean. — Length  of  island,  2,200  feet;  greatest  breadth. 
400  feet.  No  water  passes  to  the  left  of  this  island  excepting  during  high- water.  The 
channel  pa.sses  down  the  right  chute,  entering  which  there  is  a  gentle  ripple  with  a 
depth  of  1  foot.  At  the  foot  of  the  island  there  is  a  bar  in  the  midale  of  the  river  antl 
the  channel  passes  between  it  and  the  island,  with  a  width  of  80  feet.  The  ripplo  in 
this  passage  is  600  feet  long,  with  a  descent  of  1.28  feet,  and  a  depth  of  1  foot*    Below 
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this  bar  and  .nearly  connected  with  it  there  is  a  small  island  600  feet  long,  the  chau- 
iiol  passing  to  its  left.  From  the  foot  of  this  island  a  bar  known  as  '^Kinzua  Bar/' 
9(K)  feet  long  and  190  fecit  wide,  occupies  the  right  half  of  the  river.  The  entire  pas- 
sago  of  this  island  and  bar  is  shallow.  The  length  of  the  ripple  is  1,450  feet :  its  de- 
scent is  1.40  feet,  and  its  depth  1  foot.  A  few  years  ago  the  channel  was  to  the  right 
of  the  small  island  and  bar,  but  that  side  is  now  nearly  closed  at  this  stage. 

HipplCf  56.5  milea  below  Olean, — Here  two  small  low  detached  bars,  each  300  feet  long, 
and  covered  at  a  stage  a  few  inches  higher,  divide  the  volume  of  the  river  into  three 
parts.  The  channel,  about  100  feet  wide,  is  down  mid-river  between  the  bars.  Length 
«)f  ripple,  375  feet;  descent,  1.21  feet;  depth,  11  inches.  Raftsmen  usually  float  over 
bars  as  low  as  these. 

Mouth  of  Kimua  Creeky  56.6  miles  below  Olean, — This  creek  enters  from  the  left.  It  is 
iipwanl  of  30  miles  long.  At  one  period  it«  annual  output  of  pine  timber  amounted 
to  from  10,000,000  to  12,000,000  feet,  board  measure,  but  the  lumber  shipments  from  its 
valley  are  now  comparatively  insignificaut.  The  town  of  Kinzua  is  f  of  a  mile  back 
from  the  river.  The  flood  of  1865  cut  through  the  neck  between  the  creek  and  the 
river  at  a  point  900  feet  above  the  mouth  of  the  former.  As  there  is  a  crooked,  s)ial- 
low  ripple  in  the  river  below  the  cut-off,  it  would  be  of  advantage  to  close  the  gap 
with  a  dam  100  feet  long  in  order  to  utilize  the  water  that  wastes  through  it.  The 
romjkins  of  an  old  mill-dam  at  the  head  of  this  ripple  further  tends  to  impede  the  nav- 
igation.   Length  of  ripple,  375  feet;  descent,  1.38  feet ;  depth,  9  inches. 

Lower  down  and  nearly  opposite  the  mouth  of  the  creek  the  channel  passes  with  an 
abrupt  turn  between  a  bar  on  the  right,  covered  at  a  3-foot  stage,  and  the  foot  of  the 
island  on  the  left.  Length  of  ripple,  200  feet;  descent,  1.1  ^t;  depth.  10  inches. 
This  is  followed  400  feet  below  by  a  gentle  ripple  300  feet  long,  with  a  fall  of  0.6  foot 
:ind  a  depth  of  10  inches.    Thence  the  channel  remains  fair  to  Bent*s  Run. 

BenVs  i^un,  57.8  milea  below  Olean, — ^This  run  enters  from  the  left ;  a  bar  starting  from 
the  right  bank,  1,400  feet  above  the  run,  extends  like  a  tongue  into  the  river  and  passes 
iliagonallv  down  stream  a  total  distance  of  2,600  feet.  From  near  its  head  there  is  a  wide  • 
'^pocket"  between  it  and  the  ri^ht  bank;  the  whole  is  covered  at  a  two-foot  stage. 
Fne  channel  down  the  left  bank  is  quite  narrow  below  the  mouth  of  Bent's  Run,  being 
confined  to  a  space  only  75  feet  wide ;  between  the  foot  of  the  bar  and  the  foot  of  a 
miall  island  to  the  left  the  depth  is  11  inches.  No  improvement  suggested  for  the 
present. 

CatchaU  Bar,  56.5  miles  below  Olean, — At  this  point  two  low  bars  in  mid-river,  covered 
it  a  2-foot  stage,  confine  the  channel  to  a  width  of  80  feet,  close  to  the  left  bank.  The 
east  depth  is 7  inches ;  length  of  ripple,  200  feet ;  descent,  1.90  feet.  As  some  water 
escapes  to  the  right,  it  would  be  advisable  to  close  that  side. 

Long  or  Goose  Island,  59  miles  below  Olean, — Length  of  island,  4,800  feet ;  greatest 
>readth,  400  feet.  A  towhead  or  bar  700  feet  long,  lying  above  the  island,  confines  the 
'hannel  close  to  the  left  shore,  the  water  surface  ueing  only  75  feet  wide.  The  ripple 
u  this  narrow  place,  in  a  distance  of  160  feet,  falls  1.41  feet,  with  a  depth  of  18  incnes. 
!^ontinning  down  the  left,  and  1,800  feet  below  the  head  of  the  island  proper,  a  low 
>ar  1,200  leet  long,  covered  at  a  If-foot  stage,  almost  entirely  obstructs  the  channel, 
16  it  leaves  a  passage  close  to  the  left  bank  only  50  feet  wide  for  the  entire  volume  of 
lie  river  (no  water  passes  down  to  the  right  of  the  island).  The  least  depth  in  this 
anal-like  passage  is  1  foot.  There  are  two  ripples,  the  uppermost  one  having  a  fall 
f  0.73  foot  in  60.    The  other  ripple  is  near  the  foot  of  the  island  and  is  wider,  having 

descent  of  0.32  foot  in  100,  and  a  depth  of  1  foot.  No  improvement  is  for  the  present 
iiggested  at  this  island. 

Shipman^s  Island,  60.2  miles  below  Olean, — ^Length,  1,600  feet ;  greatest  breadth,  200 
eet.  The  point  of  a  bar  from  the  head  of  the  island  which  lies  to  the  right  somewhat 
onfiiies  the  channel  which  passes  down  the  left  chute.  Here  there  is  a  ripple  100  feet 
r>ng,  with  a  descent  of  0.56  foot,  and  a  lea^t  depth  of  2  feet.  The  island  beach  next 
(>  tlie  channel  is  covered  with  bowlders,  whose  presence  in  the  river  bed  or  along  its 
anks  has  thus  far  been  only  occasionally  observed.     No  trouble  to  the  navigation. 

Buitonwcod  Island,  60.6  miles  below  Olean, — This  island  laps  the  foot  of  Shipman's 
sland,  #nd  has  a  length  of  2,000  feet.  Near  its  middle  it  throws  out  a  sharp-pointed 
ar,  which  extends  beyond  the  line  of  mid-river.  This  causes  a  gentle  npple,  the 
hannel  taking  to  the  right  of  a  small  detached  bar,  just  showing  out  of  the  water  and 
iving  a  least  depth  of  1.1  feet.    No  trouble. 

Hook's  Islands,  61.6  miles  below  Olean, — ^There  are  three  islands  here,  their  heads 
ying  nearly  abreast  of  each  other.  The  entire  length  of  the  islands  is  2,800  ieet,  the 
lianuel  taking  to  the  right  of  them  all.  A  considerable  quantity  of  water  is  wast-ed 
r>wu  the  various  chutes,  but  when  required  in  the  channel  one  dam  300  feet  long 
ill  close  these  leaks.  The  ripple  at  tne  head  is  400  feet  long,  with  a  descent  of  1.27 
.*et,  and  a  depth  of  9  inches.  The  second  ripple,  about  midway  down  the  chnte,  de- 
trends  1.37  feet  in  a  distance  of  250,  with  a  depth  of  2  feet.  A  number  of  rather 
irge  bowlders  are  visible  along  the  right  bank  or  the  river.  Below  this  island  a  rope 
"•rry,  known  as  **  Wardwell's  Ferry,'*  is  maintained  to  a  small  village  on  the  left . 
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There  is  a  saw-mill  in  this  place  operated  by  water-power,  a  dam  having  been  con- 
structed for  the  purpose,  which  closes  the  inshore  chute  of  the  three  islands. 

8Kipman^8  Island  Xo,  Z^CQ,9 miles  helow  Olean, — Island  1,500  feet  longhand  150  feet 
wide.  The  head  bar  extends  up  mid-river  900  feet  above  the  island.  The  chJinn«-l  k 
to  the  left.  There  is  a  gentle  npple  at  the  head  of  the  chnt'O,  with  a  depth  of  1.6  ft^u 
A  second  liffht  ripple  occurs  at  tne  foot  of  the  island,  with  a  depth  of  9  inches. 

Lower  Shipman  nars^  64  miles  below  Olean, — At  this  point  there  is  a  cluster  of  fonr 
«mall  bars  to  the  right,  which  are  covered  at  a  2-foot  stage,  and  a  larger  higli  bar  900 
feet  long  to  the  left  of  the  channel.  There  are  two  moderate  ripples  here,  8eparat<^ 
from  each  other  but  a  short  distance.  (See  tabulated  statement.)  The  least  depth 
is  9  inches.  If  necessary,  the  depth  conld  be  improved  by  means  of  dikes  from  eacL 
shore. 

Lower  Hook  Island,  64. 7  miles  below  Olean, — Length  of  island  proi>er  is  1,500  feet: 
width.  250  feet.  The  channel  is  down  the  left  chute,  its  entrance  being  distingniiiked 
by  a  widespread  shallow  ripple ;  length,  400  feet ;  descent,  1.37  feet ;  depth,  7  inchcs. 
No  water  parses  to  the  right  of  the  island  at  a  low  stage  ;  but,  fortunately,  the  chan- 
nel passage  is  wide  enough  to  a<Uuit  of  a  contraction  of  the  current  and  still  loav*. 
room  in  the  middle  for  a  steamboat  or  barge  channel.  A  gentle  ripple  opprmite  tb*- 
foot  of  the  island  has  a  depth  of  1  foot.  Glade  Run  enters  from  the  right,  1,600  fe^-t 
below  the  foot  of  the  island.  L.  A.  Robertson^s  tannery  is  situated  on  the  lefl;  bank 
of  the  run,  at  its  mouth. 

Mile  Island,  66.91  miles  below  O/ean.— Length,  1,200  feet ;  width,  200  feet,  excln«v,- 
of  bars.  Tlie  bar  above  the  island  extends  upstream  500  feet.  The  rafting^  chanD«^l 
is  usually  to  the  left  of  this  island,  on  which  side  the  chute  is  straight ;  bnt  in  liiv- 
water  the  best  depth  is  found  down  the  right.  The  bar  at  the  head  of  the  island  con- 
fines the  channel  close  to  the  right  shore.  Here  there  is  a  ripple  550  fi^et  loni;,  with  .i 
descent  of  1.85  feet,  and  a  depth  of  8  inches.  No  difficulty,  except  as  regarils  depth. 
The  question  concerning  the  sides  of  the  island  to  be  closed,  in  case  an  incre^ise  in  tl^ 
Vlepth  is  desired,  may  be  deferred  for  the  present.  In  four-fifths  of  a  mile  ftvm  tb- 
lower  end  of  Mile  Island  we  come  to  the  mouth  of  Conewaugo  Creek,  or  "  Kiver,*'  &h  v 
is  sometimes  termed.  In  this  distance  the  Allegheny  is  generally  about  500  feet  wi'le. 
bnt  quite  shallow,  and  with  a  rocky  bottom.  Two  unimportant  ripxiles  are  passed,  vn 
whicn  the  least  depth  noted  was  10  inches. 

Warren  Suspension  Bridge,  Conewango  Creek,  67.3  miles  below  Olean, — ^Thia  haiid50iE>> 
wire  bridge  crosses  the  river,  with  a  span  of  452  feet,  and  a  height  in  the  clear  aKni* 
low-water  of  24.4  feet.  Conewango  Creek  enters  from  the  right,  1,300  feet  above  th** 
bridge.  This  is  by  far  the  largest  tributary  the  Allegheny  has  yet  received.  Its  bass 
is  estimated  to  contain  960  square  miles.  Lake  Chautauqua  drains  int-o  the  Cassada^ 
a  branch  of  this  stream.  The  outlet  of  the  lake  is  30  miles  up  the  Conewango  a&*' 
Cassadaga.  Its  surface  is  elevated  about  119  feet  above  the  waters  of  the  AUegheny 
or  1,294  feet  above  mean  ocean  level. 

The  town  of  Warren  is  chiefiy  located  below  the  mouth  of  the  Conewango  and  v« 
the  right  bank  of  the  river ;  its  population  is  estimated  at  4,000.  It  contains  elegas' 
modem  county  buildings  and  many  fine  residences  and  handsome  blocks  of  bnsinex* 
houses,  which  latter  are  located  chiefly  on  the  river  tront  near  the  suspension  brid^ 
At  one  period  steamers  plied  regularly  to  this  point  in  the  spring  months  from  Pitt^ 
burgh,  188  miles  below.    There  was,  until  quite  recently,  a  very  extensive  trade  tn 

Eine  lumber  transacted  from  this  point  by  river,  but  as  the  valley  of  the  Conewaz^ 
as  been  almost  denuded  of  this  species  of  timber,  its  annual  value  is,  in  conseqaeiKV. 
greatly  diminished.  Thousands  of  acres  of  hemlock  still  remain,  and  here,  as  well  a* 
elsewhere,  I  was  assured  that  if  the  river  were  improved  an  extensive  river  trade  h 
hemlock  bark  for  tanning  purposes  would  doubtless  spring  up.  Bark  is  a  light,  balkr 
substance,  and,  from  the  difficulty  experienced  in  packing  it  in  cars,  can  onlj  hf 
made  remunerative  to  the  railroad  companies  at  rates  ruinous  to  the  consameis. 

Philadelphia  and  Erie  Railroad  Bridge,  67.9  miles  below  Olean, — ^This  is  a  corercfl 
through  bridge  of  Howe  trusses,  with  three  spans  of  150  feet  from  center  to  center  tit 
piers.  The  height  in  the  clear  above  low-water  surface  is  18.6  feet.  Eight  himdird 
feet  below  this  bridge  a  low  shore  bar  from  the  right,  covered  at  a  3-foot  sta^e,  cos- 
fines  the  water  for  a  distance  of  2,800  feet  to  the  left  half  of  the  river  bed.  At  the  fo(«t 
a  low  bar  from  the  left,  making  from  the  shore,  covered  at  a  2-foot  sta||[e,  further  re^ 
duces  the  channel  to  a  width  of  150  feet.  The  current  is  quite  rapid  and  variable  ia 
ibis  passage.    Length  of  ripple,  700  feet j  descent,  3.22  feet ;  deptJi,  t  foot. 

Mead's  Island,  70.4  miles  below  Olean, — Length,  1.1  mile ;  greatest  width,  1,200  l^ct. 
The  rafting  channel  is  usually  down  the  right.  The  survey  was  made  down  tlie  lei? 
chute,  in  which  were  found  three  ripples.  The  first  one,  near  the  head,  has  a  depth 
of  only  7  inches,  the  river  falling  1.45  feet  in  a  distance  jof  175.  The  other  ripphw  he> 
low  have  but  a  trifiing  descent  and  a  least  depth  of  1  foot.  The  right-hand  ^ate  of 
the  island  not  having  been  specially  examined,  no  suggestions  for  improvement  are 
offered  at  present.    The  only  complfldnt  at  this  point  is  the  lack  of  depth. 

Jackson's  Island,  72.4  miles  below  Olean, — ^Length,  1,100  feet ;   width,  800  fee^    ThU^ 
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ttland  18  aituated  in  mid-river.  The  left  chute  is  dry  at  this  stage,  the  channel  being 
lown  the  right.  Half  way  down  the  chute  the  river  is  confined  by  a  bar  from  the 
sland  to  a  width  of  100  feet.  The  ripple  at  the  head,  as  soon  as  you  enter  the  chute, 
H  770  feet  long,  with  a  descent  of  1.27  feet,  and  a  depth  of  1.9  feet.  A  gentle  ripple  at 
he  foot  of  the  island  falls  0.85  foot  in  200,  with  a  depth  of  1.4  feet.  Ko  trouble  at 
either  ripple. 

Grass  Flat  Island  and  Bar^  73  miUshelow  Olean. — Length  of  island  proper,  1,000  feet  x 
A'idth,  150  feet.    The  island  is  preceded  by  a  towhead  900  feet  long.    The  channe 
)nsses  to  the  right  of  the  towhead  and  island,  but  the  chute  is  shoal  throughout,  with 
I  number  of  small  detached  bars  showing  out  of  water  in  various  positions. 

Tho  entire  chute  may  properly  be  considered  as  one  ripple.  Length,  1,865  feet ; 
leso<^nt,  3.85  feet ;  least  depth,  7  inches.  On  account  of  the  bars  and  the  scanty  depth, 
t  would  be  advisable  to  concentrate  all  the  water  in  the  right  chute  by  closing  the 
eft  one.  Thence  passing  one  unimportant  ripple  at  the  73.67-mile  point,  depth  9 
inches  (the  river  passing  to  the  right  of  a  detaclie<l  bar),  we  come  to  a  cluster  of  small 
i>ar8  covered  at  2  feet  depth  (73.82  miles).  Here  the  best  depth  was  found  close  in  to 
the  right  shore  in  a  very  contracted  passage,  not  over  50  feet  wide,  with  a  depth  of 
>iily  8  inches.  The  fall  in  120  feet  is  1.88  feet.  It  is  possible  a  dam  from  the  left  bank 
?arrietl  to  mid-river,  and  thence  turned  down  a  few  hundred  feet,  would  effectually 
iweo])  out  these  bars  and  afford  a  better  depth. 

Finh-Uam  Ripple,  74.62  miles  belmc  Olean. — A  number  of  scattered  rocks  show  them- 
selves in  mid-river,  as  we  approach  this  ripple.  In  addition,  a  bar  from  the  right 
»horo  contracts  the  river  somewhat  at  the  ripple.  The  latter  is  300  feet  long,  falling 
L.41  feet,  with  a  depth  of  2.4  feet.  No  improvement  required  excepting  the  removal 
7f  the  rocks. 

lirokensiraw  Creek,  75  miles  beloio  Olean, — The  town  of  Irvineton,  the  junction  of 
several  railroads,  is  situated  on  the  risht  bank  of  this  creek  i  mile  above  its  mouth, 
rbe  Hrokenstraw  is  an  important  feeoer  of  the  Allegheny.  It  was  once  a  great  lum- 
bering stream.  Its  drainage  area  is  about  540  square  miles.  Like  French  Creek  and 
:lie  Conewango,  this  stream  heads  in  the  hi^h  plateau  bordering  Lake  Erie.  These 
three  streams  are  remarkable  for  the  persistency  of  their  discharge  in  seasons  of 
ilronght.  I  know  of  nq  creeks  in  the  Ohio  Valley  so  remarkable  in  this  respect.  Pos- 
^ibly  the  cool,  elevated  regions  in  which  they  originate  may  be  more  abundantly  sup- 
[ilied  with  perennial  springs  than  any  area  of  equal  extent  below.  The  cooler  tem- 
[HU'nture  may  also  be  the  cause  of  less  rapid  evai>oration  in  the  autumnal  months. 

lirokensiraw  Island,  75.7  miles  below  Olean, — Length,  1  mile;  greatest  width,  600 feet, 
riio  channel  is  to  the  right  of  this  island,  and  is  impeded  by  four  ripples.  The  one  at 
ttio  head  is  the  only  one  with  a  descent  worth  noting,  namely,  2.42  feet  in  525.  It  has 
I  de])th  of  9  inches.  The  others  have  about  the  same  depth.  (See  table  for  details.) 
Should  it  prove  necessary  to  increase  the  depth  here,  a  wing-dam  400  feet  long  would 
I'lose  the  left  chute  of  the  island.  Considerable  water  wastes  down  that  side,  and 
nther  channel  can  be» taken  at  rafting  stages. 

Dunnes  Island,  77.7  miles  belato  Olean, — ^Length  of  island.  1.27  miles;  gieatest  breadth, 
KK)  feet.  The  channel  is  to  the  right.  The  ripple  at  the  head  of  this  island  falls  2.28 
feet  in  a  distance  of  1,020,  with  a  depth  of  1.9  feet.  No  trouble.  From  below  the 
middle  of  this  island  a  long,  shallow  ripple  extends  to  the  foot  of  it.  Least  depth  op- 
[losite  the  foot  of  the  island,  7  inches.  Length  of  rippl^^  2,900  feet;  descent,  5.06  feet. 
A.  wing-dam  closing  the  left  chute  of  this  island,  300  feet  long,  would  be  a  desirable 
improvement. 

Claries  Island,  79  miles  below  Olean. — ^Length,  3,900  feet;  greatest  breadth,  400  feet. 
The  channel  is  to  the  right.  Seven  hundred  feet  down  the  chute  there  is  a  cluster  of 
iix  low  bars  composed  of  fine  gravel,  covered  at  a  1^-foot  staffe.  These  bars  confine 
the  channel  close  to  the  right  shore  for  1,000  feet.  No  special  difficulty  in  passing  them. 
Leuf^th  of  ripple  at  this  point,  850  feet;  fall,  1.79  feet;  least  depth,  1  foot.  Thence  to 
the  foot  of  the  island  the  channel  is  -wide  and  easy,  the  depth  varying  from  2  to  3  feet. 

Thompson's  Island,  80.6  miles  below  Olean. — ^Length,  2,200  feet ;  width,  400  feet.  From 
the  head  of  the  island  a  bar  extends  up-steam  1,000  feet.  The  channel  is  down  the 
'iglit  of  the  island,  but  for  some  distance  it  is  confined  by  the  head  bar  to  a  width  of 
lUO  feet,  passing  close  to  the  right  bauk.  In  this  ohute  there  is  a  ripple  850  feet  long, 
A'ith  a  descent  of  1.79  feet,  anda  depth  of  2  feet.  Near  the  foot  of  the  island  another 
ripple  occurs  1,150  feet  long,  falling  1.91  feet,  with  a  least  depth  of  10  inches;  thence 
there  is  from  3  to  5  feet  of  water  tlirough  Thompson's  Eddy  to  Farley's  Island. 

FarU^s  Island,  Conklin's  Run,  82.<'i  mt^«  below  Olean. — ^There  are  two  islands  here,  with 
»  total  length  ot  5,000  feet.  The  head  of  the  second  island  commences  a  few  hundred 
feet  below  the  foot  of  the  uppermost  (outside)  islands.  The  channel  is  to  the  right 
>f  both  islands.  The  ripple  on  the  channel  side  begins  above  the  head  of  the  fist 
inland  and  extends  down  2,100  feet.  Least  depth,  1.2  feet;  descent,  3.10  feet.  Near 
the  foot  of  the  second  island  another  but  gentle  ripple  occurs.  The  channel,  curving 
towards  the  island,  has  a  depth  of  2  feet  while  passing  a  small  detached  bar  on  the 
right,  which  just  shows  out  of  water.    No  improvement  seems  necessary. 
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Smithes  Bar  J  83.9  miles  below  Olean.—The  uppermost  bar  is  1,500  feet  long  and  SO  feet 
wide.  It  obstmcts  the  entire  right  half  or  the  river  bed,  being  separated  fironi  xht 
shore  by  a  chute  only  50  feet  wid6,  through  which,  however,  considerable  water 
escapes.  The  channel  passes  to  its  left.  At  the  foot  of  the  bar  there  is  a  widespieail 
shoal  on  which  there  is  only  6  inches  of  water.  The  river  in  a  manner  falls  over  t 
reef  at  this  point,  having  a  descent  of  1.07  feet  in  50.  Suggestions  for  improvement 
should  be  deferred  until  a  more  careful  examination  can  be  made, 

MiUsione  Island  and  Bar,  84.8  miles  helow  Olean. — The  low-water  channel  here  pa.«ei> 
between  an  island  on  the  right  (4,900  feet  long,  including  800  feet  of  head  bar)  and  a 
high  bar,  2,100  feet  long,  on  the  left.  For  800  feet  below  the  head  or  entrance  there  l« 
a  sharp  rapid  in  the  channel,  which  is  only  50  feet  wide.  TIm  water  descends  2.39  ftt: 
in  800,  witn  a  depth  of  1  foot.  Thence  a  gentle  ripple  continues  a  distance  of  2,iM' 
feet  to  the  foot  of  the  bar,  having  a  fall  of  1.30  feet  and  a  depth  of  1  foot.  About  ooe- 
half  the  volume  of  water  takes  the  channel  chute,  the  remaining  half  being  alH»m 
equally  divided  between  the  other  two  chutes.  Bams  from  each  shore  may  be  uece*- 
sary  in  the  future. 

Magee^s  Island^  85*9  miles  lelow  Olean, — ^The  island  proper  is  2,400  feet  long  aud  "if 
feet  wide.  The  channel  is  wide  and  easy  down  the  left  of  this  island  until  we  arrivp 
opposite  its  foot,  where  there  is  a  ripple  800  feet  long  and  1  foot  deep,  with  a  deacpnt 
or  1.84  feet.  From  this  point  a  tail-bar  from  the  island,  kno\*Ti  as  Goose  Neck  Bar. 
2,000  feet  long,  confines  the  channel  close  to  the  left  bank,  where  for  some  diatanre  i: 
is  only  100  feet  wide.  In  this  chute  there  is  a  ripple  500  feet  long,  having  a  de«ceDt 
of  1.81  feet  and  a  least  depth  of  1  foot. 

Coursin  Island,  87.8  miles  below  Olean. — Length  of  island,  4,400 feet;  greatest  width 
500  feet.  The  channel  is  down  the  left  shore.  At  the  entrance  to  the  chute  there  i* 
a  gentle  ripple  750  feet  long,  with  a  depth  of  1.9  feet.  Lower  down  another  ripple  i* 
found,  1,200  feet  long,  with  a  fall  of  2.88  feet  and  a  depth  of  1.8  feet.  There  an- 1 
number  of  snags  lodged  in  the  river  bed  below  the  foot  of  the  island.  No  trouble  it 
this  island  excepting  from  these  snags. 

TidioHte  Suspension  BridgSj  89.7  miles  below  Olean, — ^This  is  a  wire  suspension  bridi^r. 
with  two  spans  of  268  feet  each,  elevated  in  the  clear  above  low- water  sniiace  :f7.r 
feet.  The  channel  is  under  the  left  spto.  The  town  of  Tidioute  is  on  the  n^ht  back. 
The  population  is  estimated  at  2,000.  Oil-pipe  lines  extend  from  Titnsville  to  thu 
point,  where  the  oil  is  delivered  on  the  cars  of  the  Pittsburgh,  Titusville  and  Bii£ftl^» 
Railroad.  Railway  tracks  are  continuous  on  the  right  bank  of  the  river  from  Wamc 
to  Oil  City  and  Franklin.  (Railroads  follow  either  one  or  the  other,  sometimes  botli. 
banks  of  the  Allegheny  River  all  the  way  from  Olean  to  Pittsburgh,  255  milea,  exctpt 
from  Red  House  to  Warren,  a  distance  of  36^  miles.) 

Tidioute  Island,  89.8  miles  beloto  Olean.— Length,  1,300  feet ;  width,  200  feet.  Belov 
the  bridge  there  are  a  number  of  small  stony  bars.  The  channel  is  to  the  rieht  of  tbe 
island,  but  is  crooked  and  much  obstructed,  both  at  the  head  and  at  the  foot,  vitli 
gravel  lumps  and  rocks.  It  is  a  place  calling  for  scraping  or  dredging  in  addition  to 
what  might  be  done  with  low  dams  to  concentrate  the  water.  The  ripplo  at  the  hnA 
is  375  feet  long,  with  a  descent  of  1.73  feet  and  a  depth  of  7  inches.  The  ripple  at  tb^ 
foot  is  400  feet  long,  with  a  descent  of  2.11  feet  and  a  depth  of  1  foot. 

Irvine  Island,  91.2  miles  beloto  Olean,— Lengthy  1,400  feet ;  width,  300  feet.  The  chan- 
nel is  to  the  right  and  is  wide  and  easy.  A  gentle  ripple  at  the  head  as  yon  enter  tbr 
chute  has  a  depth  of  1.7  feet.  Below  the  head  of  the  island  two  large  detached  dtt 
bars  in  mid-river  (covered  at  a  41i-foot  stage)  confine  the  channel  close  in  to  the  right 
bank.  These  bars  extend  down  for  1,400  feet.  Length  of  ripple,  1,000  feet ;  descent. 
2.31  feet ;  least  depth,  1  foot. 

Porterfield  Island,  92  miles  below  Olean, — From  the  head  of  this  island  for  2^  miles  tb<* 
channel  follows  the  right  bank,  having  on  the  left  a  continuous  series  of  islands  ao<i 
bars,  numbering  fifteen  in  all,  which  do  not  need  special  mention.  Thia  portion  of 
the  river  may  be  described  as  a  series  of  ripples  and  shoals,  with  a  channel  which  i« 
occasionally  very  tortuous.  In  8,350  feet  from  the  head  of  Porterfield  Isiand  there 
is  a  fall  of  5.77  feet,  with  a  least  depth  of  1  foot. 

At  various  points  there  are  rocks  or  large  bowlders  projecting  above  the  surface, 
which  cotdd  be  removed  to  advantage.  At  the  uinety-fourth  mile  a  bar  causes  an 
unusual  contraction  of  the  channel.  At  this  point  a  ripple  500  feet  in  length  has  a 
descent  of  1.58  feet  and  a  depth  of  6  inches.  This  is  the  shoalest  place  in  uie  series. 
The  river,  in  this  bad  stretch,  admits  of  improvement  by  the  removal  of  rocks  simI 
the  closing  of  several  of  the  chutes  with  dams. 

WhiU  Oak  Island,  94.3  miles  below  O/eati.— Length  of  island,  3,400  feet;  width,  5ti(> 
feet.  The  channel  here  turns  from  the  right  shore  at  an  angle  of  about  40*^  and 
crosses  to  the  left.  It  passes  close  to  the  head  of  the  island  ana  between  it  and  a  de- 
tached bar  to  the  left.  This  place  is  known  as  "  White  Oak  Chute.''  This  fall  is  2,^ 
feet  in  distance  of  450  feet,  and  the  depth  is  6  inches.  The  bar  to  the  left  and  the 
river  bed  are  composed  of  fine  gravel.  A  dam  300  feet  long,  closing  the  right  chate 
of  the  island,  would  be  advisable. 
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The  reflidae  of  the  chanuel  down  the  left  of  the  island  is  wide  and  abundantly 
deep,  varyinff  from  2  to  6  feet. 

Hemlock  Mand,  96  milea  below  Olean. — ^Three  thousand  five  hundred  feet  long,  500 
feet  wide.  The  channel  is  down  the  left  chute.  The  ripple  at  the  head  has  a  length 
of  945  feet  and  a  descent  of  2.90  feet,  with  a  depth  of  1.3  feet,  and  a  gravel  bottom. 
Xo  particular  trouble.  At  the  foot  of  the  island  there  is  a  ford  in  a  ripple  350  feet 
lon^,  with  a  descent  of  1.13  feet  and  a  depth  of  1.6  feet..  The  village  of  Ea«t  Hickory 
Ih  situated  on  the  left  bank.  Below  the  island  for  some  distance  the  channel  is  in  mid- 
river,  confined  between  several  bars  on  the  left  (known  as  Fishing  Bars)  and  an  island 
on  the  right,  but  there  is  no  special  difficulty  in  the  navigation.  Fishing  Bar  Hippie 
has  a  descent  of  1.82  feet  in  300,  with  a  depth  of  1  foot. 

East  Hickory  Creeks  97.6  milea  helow  OZean.—This  creek  enters  from  the  left.  The 
channel  here  deflects  suddenly  to  the  right  bank  in  a  ripple  whose  length  is  500  feet ; 
descent,  1.22  feet ;  and  depth,  6  inches.  The  river  in  the  ripple  is  united  in  one  body, 
l>nt  it  is  possible  that  the  depth  might  be  increased  by  scraping  so  as  to  reduce  the 
width  of  channel.  Thence  the  channel  folloirs  the  right  shore  a  short  distance  to 
Dorkaway  or  West  Hickory  Bar. 

West  Hickory  Bar^  98.3  mile$  below  Olean, — At  this  place  low  bars  from  each  shore 
<rradnally  converge  until  the  channel  flows  between  them  in  a  space  only  150  feet 
wide.  The  ripple  is  not  at  all  troublesome,  its  length  being  650  feet,  descent  1.93 
feet,  and  depth  1.5  feet.  The  town  of  West  Hickory,  located  on  the  right  bank,  is 
about  one-half  mile  below  this  ripple. 

Hickory  Totcn  lalandj  99.5  milee  beloto  Olean. — Length,  1,500  feet;  greatest  width,  400 
feet.  The  channel  is  down  the  left  and  is  comparativelv  easy.  The  ripple  at  the 
head  is  310  feet  long,  with  a  descent  of  0.95  foot,  and  depth  of  1  foot.  The  ripple  at 
the  foot  is  800  feet  long,  with  a  descent  of  1.81  feet^  and  a  depth  of  1  foot.  A  bar  from 
the  foot  of  the  island,  covered  at  a  4-foot  stage,  tails  down  in  mid-river  for  2,000  feet. 
Dawson^B  Itipplejl00,6  miles  below  Olean, — ^At  this  point  the  channel  crosses  from  the 
left  to  the  right  bank,  leaving  a  shore  bar  on  the  left.  The  ripple  has  a  width  of  over 
300  feet,  with  a  descent  of  1.06  feet  in  220,  and  a  depth  of  10  inches.  Not  trouble- 
some, if  we  except  the  lack  of  depth. 

Dal4^8  I$lands,  101.5  milee  below  Olean, — Two  islands  in  line  in  mid-river ;  the  lower 
is  separated  from  the  upper  bar  by  a  distance  of  only  100  feet,  which  space  is  occupied 
by  a  dry  bar.  The  united  length  of  the  islands  is  4.800  feet,  and  the  greatest  width  is 
600  feet,  measured  across  the  lower  island.  The  cnannel  passes  to  the  left  of  these 
islands.  Three  hundred  feet  down  the  chute  a  low  bar  500  feet  long,  covered  at  a  1^- 
foot  stage,  confines  the  channel  to  the  left  bank  in  a  passage  only  80  feet  wide.  The 
ripple  measures  530  feet  in  length  with  a  descent  of  2.35  feet,  and  a  depth  of  11  inches. 
Some  water  escapes  along  the  channel  to  the  right  of  the  bar.  Soft  gravel  bars  like 
this  are  easily  moved  by  the  action  of  ice  gorges.  Two  other  ripp^  occur  in  the 
chute  below,  but  they  are  marked  by  no  special  difficulty  except  that  at  the  first  one 
there  is  a  rock  containing  25  cubic  yards  in  mid-river,  projecting  5  feet  above  low- 
water  surface.  This  rock  is  much  worn  by  the  action  of  ice.  Raftsmen  take  the  right 
chute  of  this  island,  which  side  should  be  more  specially  examined  before  concluding 
<>u  any  plan  for  improvement.  Below  this  the  channel  passes  to  the  left  of  a  chain  of 
three  small  islands  known  as  Middletown  islands,  with  no  special  trouble  to  Tub's  Kun 
Bar. 

TuV$  Bun  Bars,  103.2  milea  below  Olean. — ^The  channel  is  here  ^mewhat  confined  be- 
tween  a  left-hand  shore  bar  and  a  bar  in  mid-river.  Length  of  ripple,  500  feet ;  de- 
scent, 2.41  feet ;  depth,  7  inches.  This  place  can  be  improved  by  confining  all  the 
water  in  one  body  by  the  construction  of  several  short  wing-dams  closing  the  various 
outlets. 

Hvntei^a  laland,  103.4  miUa  below  07ea«.— Length,  900  feet ;  width,  200  feet.  The 
channel  passes  down  the  left.  A  bar  1,700  feet  long  extends  down  below  the  foot  of 
the  island.  Near  the  foot  of  the  bar  there  is  a  ripple  700  feet  long,  with  a  descent  of 
1.77  feet,  and  a  depth  of  10  inches.  No  particular  difficulty  here.  Good  water  thence 
to  Tionesta  Bridge. 

Tioneata  Bridge,  104.4  milea  below  Olean. — This  is  an  iron  bridge  of  bow-string  girders, 
with  three  spans  of  120  feet  each,  and  a  left-shore  span  75  feet  long.  The  total  length 
r>f  the  bridge  is  435  feet.  It  rests  on  stone  piers  and  abutments.  The  clear  height  of 
the  bridge  above  low-water  is  25J  feet.  The  channel  way  is  under  either  of  the  cen- 
tral spans,  and  the  depth  is  4  feet.  The  town  of  Tionesta,  the  county  seat  of  Forest 
Oounty,  Pennsylvania,  with  a  population  of  500,  is  located  on  the  left  bauk,  just  above 
the  mouth  of  Tionesta  Creek.  Tionesta  Creek  enters  from  the  left,  or  east,  and  it 
Irains  about  220  square  miles.  It  is  still  an  important  lumbering  stream,  the  quantity 
Annually  delivered  at  its  mouth  being  20,000,000  feet  board  measure  of  lumber,  200,000 
t>tindle8  of  shingles,  and  160,000  bundles  of  laths.  The  value  of  this  product  is  over 
3400,000. 

Tioneata  group  of  islands,  105  miha  below  Olean. — ^There  are  here  eight  islands,  all  to 
the  left  of  the  channel,  which  follows  the  right  bank  past  them  for  nearly  3  miles. 
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Five  of  these  Islands  form  ft  chain  in  mid-river,  the  three  remaining  ones  fonning  a 
short  parallel  chain  inside  of  the  others.  The  largest  island  is  2,100  feet  long  aad  50li 
feet  wide.  There  is  no  sitecial  difficolty  in  the  channel  past  these  islands.  The  rip- 
ples are  gentle,  and  only  at  one  point  was  the  depth  as  little  as  1  foot. 

Tionesta  Creek  enters  the  river  behind  the  head  of  this  gronp  of  islands.  Baftsmen 
experience  much  difflcnlty  in  setting  out  of  the  Tionesta  into  the  Allegheny.  The 
natural  difficulty  was  aggravated  by  the  construction  of  a  dam  in  the  month  of  the 
creek,  which,  instead  of  proving  an  aid,  has  increased  the  trouble.  It  would  cost  hm 
little  to  change  the  position  of  that  dam  and  open  a  chute  into  the  river  above  tfat 
head  of  all  the  islands. 

Cushion  BarSj  106.9  mile%  below  Glean. — Just  above  these  bars  the  channel  turns  ab- 
ruptly from  the  right  bank  to  the  left.  FoUowiuj^  that  side  a  few  hundred  feet,  a 
cluster  of  very  small  bars,  coveretl  when  the  river  rises  a  few  inches,  confines  it  do** 
to  the  left  bank  with  a  width  of  100  feet.  The  ripple  through  this  place  is  1,175  ft^ 
long,  with  a  descent  of  1.85  feet  and  a  depth  of  1  toot.  Thirteen  hundred  feet  farther 
down  the  water  is  confined  to  the  right  shore  by  a  siniilar  set  of  bars,  bat  with  awid^r 
channel- war.  The  ripple  is  400  feet  long,  with  a  descent  of  0.96  foot,  and  a  depth  >)f 
1.7  feet. 

Ilolman^B  Uland^  106.3  miles  below  Olean. — ^Length,  4,200  feet ;  greatest  width,  f*.^ 
feet.  The  channel  is  down  the  left  of  this  island,  and  is  comparatively  easy.  Mid- 
way down  the  chute  there  is  a  ripple  350  feet  long,  with  a  descent  of  1.33  feet  a&d  3 
depth  of  11  inches.  At  the  foot  the  channel  maKCs  nearly  a  square  crossing  to  ih 
letl  bank,  in  order  to  avoid  a  small  island  which  interlans  Holman's  Island.  The  depth 
in  this  crossing  is  about  1  foot.  No  trouble.  Thence  tne  channel  holds  along  the  kt- 
shore  to  Maple  Island. 

Maple  lalandy  109.4  miles  below  Ofean.— Length,  1,700  feet ;  width,  5280  feet.  The  t)m- 
nel  is  down  the  left  chute ;  midway  in  this  chute  a  small  island  to  the  left  confines tLr 
channel  between  the  two.  Hero  the  river  is  much  obstructed  by  gravel  lum|>».  Tw? 
ripples  farther  below  make  nearly  one  continuous  ripple,  their  united  length  bein^l,U^ 
feet ;  descent,  2.93  feet ;  and  least  depth,  10  inches.  A  dam  closing  the  right  cbnt^- 
Maple  Island  would  probably  be  the  means  of  washing  out  a  better  channel  and  k- 
proving  the  depth. 

BapidSf  110.5  miles  below  Olean, — Above  this  point  a  bar  from  the  left  throws  tlii? 
water  across  to  the  right,  giving  a  passageway  only  100  feet  wide.  There  is  here  j 
sharp  rapid,  the  water  in  IW  feet  falling  2.09  feet,  with  a  depth  of  1.4  feet.  The  oil< 
trouble  comes  from  the  swiftness  of  the  current. 

Hemlock  Creek  Island.  111.9  miles  below  Olean.—The  len^h  of  the  island  proper  is  ^ 
feet,  and  its  width  is  about  200  feet.  There  is  a  small  island  of  the  same  name  ^ 
inshore,  opposite  the  mouth  of  Hemlock  Creek  (which  enters  from  the  left).  On  tb^ 
left  bank,  and  above  the  creek,  an  enterprising  citizen  has  erected  an  extensive  bo<(' 
called  the  President  House.  It  is  noticeable  cniefly  because  there  are  no  oth^  biul^ 
ings  near  it.  The  channel  passes  down  the  right  chute  of  Hemlock  Creek  lAtd 
For  some  distance  it  is  quite  narrow,  being  driven  close  to  the  main  shore  by  the  h(«^ 
of  the  island.  Length  of  ripple,  1, 140  feet ;  descent,  3.4  feet ;  depth,  1  foot  The  bot- 
tom is  composed  of  loose  rocks,  some  of  which  could  be  removed  to  advantage.  A  U^ 
of  these  rocks  project  more  than  a  foot  above  the  surfisuse  of  low- water. 

McCrarjfs  Bar,  112.8  miles  below  Olean, — ^This  bar,  now  covered  at  a  4-foot  stage,  w^' 
formerly  an  island.  It  is  1,500  feet  long  and  250  feet  wide.  The  channel  passes  oa 
either  side,  there  being  no  material  difference  in  the  depth.  There  is  a  gentle  n^ 
entering  the  right  chut'C  with  a  depth  of  1.8  feet.  Six  hundred  feet  below  McCrtf\V 
Bar,  another  bar,  in  mid-river,  900  feet  long,  and  covered  at  a  l^foot  stage,  confio^ 
the  channel  to  the  left.  At  its  foot  a  bowlder  reef  extends  entirely  across  the  rim- 
The  depth  on  this  was  only  4  inches.  The  river  falls  at  this  place  1.48  feet  in  a  (i^ 
tance  of  70,  which  is  certainly  a  remarkable  jump. 

Plans  for  improvement  are  deferred  for  the  present.  Thirteen  hnndred  feet  Wl** 
opposite  the  month  of  Henry  Run  (which  enters  from  the  right),  there  is  a  gentle  rip- 
ple with  a  depth  of  1.1  feet ;  it  gives  no  trouble. 

PiUHoU  Islands,  115.3  miles  below  Olean, — These  are  two  small  islands^  The  dian* . 
passing  to  the  right  of  the  upper  one  is  wide  and  shallow,  and  full  of  loose  bovldei^ 
r it-Hole  Creek,  a  considerably  tributary,  enters  from  the  ri^ht,  opposite  the  foot  of  tl^ 
first  island.  Its  mouth  is  100  feet  wide.  Two  railroad  bridges  (one  railroad  exteiHi- 
iug  up  the  valley  of  Pit-Hole  Creek)  cross  it. 

From  the  mouth  of  the  creek  the  best  channel  (still  in  the  right-hand  chute)  pa^ 
close  over  to  the  second  island,  hugging  it  to  its  root,  leaving  a  number  of  «naQ.  di^ 
bars  to  the  right,  and  others  extending  some  distance  below. 

This  is  an  exceedingly  swift  place,  the  river  falling  4.65  feet  in  1,300,  or  at  the  ntr 
of  about  18  feetper  mile.  The  depth  found  was  not  quite  1  foot..  Scarcely  a  y«*tig« 
remains  of  Pit-Hole,  which  was  once  a  center  of  the  oil  excitement.  At  one  time  its 
post-office  was  the  second  in  importance  in  Pennsylvania. 

Walnut  Island,  116.8  miles  below  Oleaa.— The  first  island  is  1,700  feet  long  and  500  t««t 
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vide.  A  head  bar  extends  above  it  a  distance  of  1,300  feet.  The  channel  is  to  the 
i<;ht.  In  entering,  {)a8stng  between  the  bar  and  the  right  bank,  the  channel  is  only 
no  feet  wide  and  lO  inches  deep.  The  ripple  in  this  place  descends  2.61  feet  in  a  dis- 
anoe  of  1,360.  . 

The  second  island  is  1,000  feet  long,  and  it  commences  immediately  below  the  first, 
riio  channel  is  on  the  right,  and  it  has  several  small  detached  bars  on  each  side.  The 
ipple  at  the  lower  end  is  910  feet  in  length,  with  a  descent  of  1.92  feet  and  a  depth  of 

f<  K)t.  A  wide-spread  ripple  occurs  in  the  river  about  one-half  mile  farther  down.  Its 
ciip:th  is  1.390  feet,  and  its  descent  is  2.90  feet,  but  as  the  least  depth  observed  was  2 
tH^t,  no  improvement  seems  hecessarj*.  Four  more  ripples  occur  at  inters'als  in  the 
IvtT  to  Alcorn's  Bar,  a  farther  distance  of  about  4  miles,  but  they  give  a  navigable 
loptli  greater  than  1  foot.  In  this  reach  a  number  of  small  islands  and  bars  occur,  but 
lie  chaunel  holds  to  the  right  of  them  all. 

^lU'oni^a  BaVf  122.4  miles  below  Olean, — ^This  is  a  long  bar  in  mid-river,  just  below  a 
ittle  island  called  Horse  Creek  Island.  The  bar  is  3, WO  feet  long  and  is  250  feet  wide, 
iihI  is  covered  at  a  stage  of  JH  feet.  The  channel  is  on  the  right  of  the  bar,  where  there 
s  SI  ripple  2,100  feet  long,  with  a  descent  of  1.37  feet,  and  a  least  depth  of  1.2  feet.  At 
ho  extreme  lower  end  of  the  bar  another  rii>ple  is  found  500  feet  long,  with  a  descent 
»f  1 .99  feet,  and  a  depth  of  1.9  feet.  There  is  no  special  difficulty  at  either  of  these  rip- 
>loM.  The  Imperial  Oil  Refining  Company,  one  of  the  Standard  Oil  Company's  wor^, 
rt  located  on  tiie  right  bank.  It  is  the  first  oil-refining  establishment  met  with  below 
>loan,  and  is  said  to  be  the  most  extensive  in  the  United  States.  It  certainly  pollutes 
hv  river  with  enough  refuse  to  justify  the  encominms  that  are  passed  on  its  capacity. 

Allegheny  Valley  Railroad  BridgCj  124.4mt7e9  helow  Olean. — This  bridge  crosses  the  river 
lia«ronally.  It  is  a  covered  wooden  structure  on  the  Howe  truss  principle,  with  three 
ipans,  each  150  feet  long,  elevated  in  the  clear  29  feet  above  low- water.  The  chan- 
I  el  is  under  eith  ir  the  left  or  the  central  span.  Oil  City,  on  the  right  bank,  begins  at 
his  bridge,  and  South  Oil  City  is  found  on  the  left  bank.  These  two  places  together 
la  vo  a  population  of  about  8.000.  The  highest  recorded  fiood  in  the  Alleehenj  at  this 
loint  occnri'ed  in  March,  1665.  Our  levels  up  to  the  mark  show  that  Sie  nVer  rose 
m  that  occasion  17^  feet  above  the  low- water  mark.  This  is  only  1  foot  higher  than 
he  river  is  reported  to  have  risen  at  Olean  in  1873.  The  channel  between  the  railroad 
)ri(1ge  and  the  Oil  City  bridge  is  nearest  to  the  left  bank,  leaving  a  low  bar,  once  an 
sland.  on  the  right. 

nil  city  Bridge,  124.8  miles  below  Olean, — Tliis  bridge  crosses  the  lower  end  of  the  bar 
'eferred  to,  its  right  shore  abutment  being  about  200  feet  above  the  month  of  Oil 
Jreek,  a  large  tributary  of  the  Allegheny  (on  this  stream  are  the  towns  of  Petroleum 
Jeutre  and  Titnsville).  The  length  of  the  bridge  is  1,100  feet,  divided  into  6  spans,  the 
ongest  of  which  measures  200  feet.  The  height  in  the  clear  above  low-water  is  20 
'eet.  Aboitt  900  feet  below,  the  river  is  crowed  by  a  suspension  bridse  divided  in 
hree  spans,  the  longest  measuring  500  feet.  The  total  length  of  the  bridge  is  700  feet, 
md  it  IS  elevated  in  the  clear  41  feet  above  low- water.  A  rocky  ripple  occurs  between 
:hc  railroad  and  the  suspension  bridges,  measuring  1,100  feet  in  length,  with  a  total 
lescent  of  3.25  feet,  and  a  least  depth  of  1.3  feet.  Two-thirds  of  a  mile  below  the  sus- 
>en8ion  bridge  a  large  bar,  which  is  covered  at  a  4-foot  stage,  makes  off  from  the  left 
(here,  and  t]m>ws  the  channel  to  the  right.  It  is  not  a  troublesome  place.  Length  of 
'ipple,  275  feet ;  descent,  1.16  feet ;  depth,  2  feet. 

HolUd4i^8  Bar^  126.9  miles  below  Olean, — Here  an  extensive  bar  2,200  feet  long,  covered 
It  a  4-foot  stage,  again  confines  the  river  to  the  right  shore.  The  ripple  Is  900  feet 
oug  with  a  descent  of  3.56  feet,  and  a  depth  of  1.4  feet.  No  particular  difificolty  at 
:his  point. 

Sckaeffer's  Bar,  128.3  miles  below  Olean, — At  this  point  a  large  bar  on  the  right,  cov- 
ered at  a  4-foot  stage,  confines  the  river  to  a  width  of  150  feet  close  to  the  left  bank. 
Through  this  chnte  for  1,900  feet  the  current  is  strong,  the  descent  bein^  3.25  feet,  with 
I  least  depth  of  1  foot.  At  its  lower  end  there  are  a  nnmber  of  rocks  in  the  channel. 
The  river  is  shoal  for  ^  mile  below  this  ripple,  with  a  least  depth  of  18  inches,  and  a 
considerable  current. 

Two-mile  Run  Bar,  130  miles  below  Olean, — At  this  point  a  flat  bar,  1,100  feet  long 
ind  200  feet  wide,  covered  at  a  l|-foot  stage,  confines  the  channel  to  the  left.  The 
lepth  on  the  ripple  is' 7  inches ;  length,  450  feet ;  descent,  2  feet.  Much  water  is  lost 
:o  the  right  of  this  bar,  which  might  be  utilized  to  advantage  by  dosing  that  side  with 
I  wine-oam  400  feet  long. 

McDoxcelVs  Islands,  131.4  miles  helotc  Olean, — These  two  once  made  a  continuous 
island,  but  at  some  time  prior  to  1853  they  were  cut  through  near  the  lower  end. 
Their  united  length  is  3.000  feet,  but  with  head  bar  and  connecting  bar  the^  measure 
1,800  feet.  The  channel  is  down  the  left,  which  is  shoal  throughout  the  entire  chute, 
[a  4,t'00  feet  the  river  descends  4.20  feet.  The  least  depth  in  the  channel  is  1  foot,  but 
it  is  generally  about  2  feet  deep. 

French  Creek,  Franklin,  132  miles  below  Olean, — French  Creek  enters  ftom  the  riffht 
immediately  below  the  foot  of  MoDowell's  lower  island.    The  soTvey  was  closed  at 
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thifl  point  October  21,  1879.  French  Creek  is  the  largest  tributary  of  the  Allegheny. 
It  heads  in  New  York,  and  drains  about  1,050  square  miles.  Conneaut  Lake,  on  one  of 
its  branches,  was  the  source  from  which  a  portion  of  the  water  supply  for  the  Pennsrl- 
vania  Erie  Canal  was  drawn.  It  is  a  noteworthy  fact  that  a  dam  raising  this  lake  ooIt 
a  few  feet  enabled  its  waters  to  flow  into  a  canal  which  discharged  into  Lake  Erie. 
Franklin,  immediately  below  the  mouth  of  French  Creek,  has  a  population  of  6,^xy 
'•  ft  «  »  «  •  • 

SYNOPSIS. 

The  190  ripples  average  617  feet  in  len^h  and  1.6  feet  in  descent.  Their  af  grei;ai' 
descent  is  304.77  feet,  which,  deducted  trom  the  total  descent  of  the  river  Mtveer. 
Olean  and  Franklin,  leaves  141.49  feet,  or  an  average  descent  of  1.07  feet  per  mile  for 
the  residue  of  the  river.    In  length  the  shoals  are  17  per  cent,  of  the  entire  distaorr. 

From  the  mouth  of  French  Creek  to  Pittsburgh,  123  miles,  there  are  seventy-tirt 
ripples,  the  total  descent  of  the  river  in  that  distance  being  261.7  feet. 

It  is  proper  for  me  to  add  that  for  much  of  the  substance  of  the  detailed  descriptioB 
of  thenver  above  Franklin  I  am  indebted  to  Mr.  John  B.  Dougherty,  assistant  en£in<«r, 
who  conducted  the  survev  in  the  field.  Being  called  to  the  East  on  other  work,  he  w&« 
unable  to  make  any  regular  report  himself,  but  left  his  notes  and  field  books  with  m* . 

I  will  note  here  that  the  adopted  elevation  of  Olean  was  taken  from  the  late  geolofi- 
cal  report  of  Pennsylvania,  one  volume  of  which  is  devoted  to  tables  of  elevatioD>  of 
various  railroad  points  witnin  the  State  and  on  itiS  boi-ders.  Since  this  table  wa«  pr^ 
pared  I  have  receive<l  the  elevations  adopted  by  the  canal  surveys  of  New  York.  £roi& 
which  it  appears  that  our  elevation  at  Olean  is  14  feet  lower  than  theirs. 

Respectiully  submitted. 

THOaiAS  B.   ROBKRTS, 

Col.  Wm.  E.  Merrill, 

Major f  Corps  off  Engineers^  U,  S.  A. 


X  4. 

HARBOR  OF  REFUGE  NEAR  CINCINNATI,  OfflO. 

At  the  close  of  the  fiscal  year  ending  Jane  30, 1879,  the  contract  for 
constructing  two  dikes  at  Four-Mile  Bar,  10  miles  above  the  public  land- 
itag  of  Cincinnati,  had  just  been  awarded  to  Mr.  John  J.  Shipman,  of 
Lewinsville,  Va. 

During  the  last  fiscal  year  the  dike  on  the  Ohio  side  of  the  river  wa^ 
extended  to  its  full  length  of  2,135  feet ;  but  the  outer  end  was  m 
wholly  finished,  as  the  work  was  stopped  by  high  water.  At  the  cio^i: 
of  the  fiscal  year  the  condition  of  the  work  was  as  follows: 

The  Ohio  dike  was  completed  to  its  full  length,  except  that  the  stone 
filling  had  not  been  smoothed  off,  and  that  fi^m  one  to  two  courses  od 
top  of  the  outer  portion  of  the  back  wall,  together  with  the  corresiK)nd- 
ing  back  braces  had  not  been  laid.  For  a  distance  of  516  feet  measomi 
from  the  bank,  the  dike  had  been  wholly  finished.  This  latter  is  the  most 
important  part  of  the  work,  as  it  crosses  the  Ohio  chute,  the  former 
channel  in  dead  low- water.  A  small  amount  of  the  bank  protection  wa^ 
also  umfinished. 

The  effect  of  this  dike  upon  the  low-water  channel  abreast  of  it  has 
been  excellent.  In  many  places  the  sand  and  gravel  carried  in  suspen- 
sion by  the  river  have  deposited  behind  the  dike  up  to  the  level  of  the 
back  wall,  and  the  interstices  between  the  stones  inside  the  cribs  are 
almost  wholly  filled.  Everything  gives  promise  of  a  stax>ng  and  dnni- 
ble  work. 

As  there  was  no  ice  last  winter,  there  was  no  test  of  the  efficiency  of 
the  dike  for  holding  back  ice-floes. 

The  Kentucky  dike  had  been  located,  and  work  had  been  oommencetl 
on  the  bank  protection  at  its  root  when  the  fiscal  year  ended. 
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The  amount  of  the  original  appropriation  will  complete  these  dikes  to 
the  full  length  required  for  their  use  as  ice-holders.  The  Kentucky  dike 
should  be  extended  to  a  greater  length  than  is  necessary  for  this  pur- 
pose in  order  to  increase  its  efficiency  as  a  low- water  improvement.  This 
latter  use  is,  however,  foreign  to  the  purpose  for  which  this  special  ap- 
propriation was  made,  and  on  this  account  authority  has  been  granted 
to  make  the  extension  at  the  expense  of  the  general  appropriation  for 
improving  the  Ohio  River. 

I  therefore  submit  no  estimate  for  any  further  appropriation  for  the 
barbor  of  refuge. 

It  may  be  proper  to  add  that,  owing  to  the  great  length  of  the  Four 
^lile  Bar,  another  dike  will  probably  be  needed  to  complete  the  low-water 
improvement;  but  it  is  not  advisable  to  plan  this  dike  until  the  present 
dikes  have  had  an  opportunity  to  develop  their  full  effects  upon  the  bar. 

Money  statement 

July  1,  1>^9,  amount  available $49,878  07 

July  1,  1880,  amoant  expended  during  fiscal  year ^28, 401  46 

Julv  1,  1880,  outstanding  liabilities 173  18 

28,574  64 

July  1,  1880,  amount  available 21,303  43 


X5. 

ICE  HARBOR  AT  MOUTH  OF  MUSKINGUM  RIVER,  OHIO. 

The  river  and  harbor  act  approved  March  3, 1879,  contained  an  appro- 
j)i'iation  of  $30,000  for  an  ice  harbOr  at  the  mouth  of  the  Muskingum 
River,  Ohio. 

Various  legal  difficulties  intervened  to  prevent  early  action  under  this 
appropriation,  and  it  was  not  until  the  17th  of  November  that  I  was 
finally  notified  that  the  funds  were  available. 

As  the  amount  appropriated  was  less  than  one-seventh  of  the  esti- 
mated cost  of  the  work,  it  was  evidently  unadvisable  to  commence  con- 
struction.  It  was  therefore  decided  to  advertise  for  the  delivery  of 
stone  for  the  lock. 

Bids  were  opened  on  the  23d  of  January,  1880,  with  the  following 
result: 


So. 


1 


14 


Bidders. 


T  Ij onia»  B.  Townwjnd 

.rotin  J.Shipnuin 

.iMckHou,  Butln  6c  Clongh 

M.  J.  O'Connor 

Th*>ina«CiHW  &Co 

Kichard»oii,  Whwler  &,  Monroe 

M«»ore,  0'Bl»*nnl«  &  Co 

l>avid  Morgan 

(:»iu»  M.C0I0 

I>avid  H.Power 

K<>lly  &  Haviland 

J«»lly  AHayne 

Ford  &  TIemey 

IL  H.  Gillespy 


Dimension  atone,  per  cubic  yard. 
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S 

s 

s 

A 

.a 

.a 

1 

•r" 

1- 

V 

•^•A 

0 

=3 

0 

0 

^  bo 

S  bC     1 

1  |s 

r 

■*.) 

•** 

•Si 

•»« 

^ 

CO 

2 

^ 

•A 
CM 

< 

$3  00 

2  97 

3  15 
3  75 


4 
4 
4 

3 
5 


09 
15 
80 
00 
00 

4  00 

5  25 


4 

7 


75 
00 


$3  00 
3  24 


6  00 


25 
90 
00 
15 
90 

3  90 

4  65 

4  00 

5  25 

5  25 
7  00 

6  75 


$3  00 
3  50 


$3  00 


30 
00 
00 
15 
20 
90 
65 
00 
25 
75 
00 
50 


4 
3 
4 
4 
4 
5 
3 
5 
4 
5 


05 
35 
10 
50 
00 
50 
90 
25 
50 
25 
6  50 


7 
8 


00 
50 


$3  00 
3  44 


3 
3 
4 
4 

5 
3 
4 
4 

.') 
5 

7 
7 


26i 
93| 

l»i 
lOi 

10 

00  ; 

12i' 
25  t 
56^ 
00  I 
IbJ- 


.a 


AKffre^te 


P< 


I 


$2  16A 
2  25 
40 
75 
70 
40 
90 
75 


2 

2 

2 

3 
o 

3 
3 
4 

4 
4 

3 

4 


25 
00 
00 
25 
50 
00 


$32, 736  00 
35,  650  00 
35,992  50 
42,237  50 
43, 102  50 

48,  442  54) 

49,  280  00 

50,  250  00 

51,  087  50 
5.'),  423  00 
50,050  0« 
62,662  50 
6,%  700  00 
68,737  50 
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The  contract  was  accordingly  awarded  to  Mr.  Thomad  B.  Townsend. 
of  ZanesviUe,  Ohio. 

At  the  close  of  the  flBcal  year  549  cubic  yards  of  dimenaiDD  stone  and 
l,2d0  cubic  yards  of  rubble  had  been  delivered  at  Marietta  nnder  tk 
above  contract. 

WORK  BURma  1880-'81. 

The  river  and  harbor  act  approved  June  14, 1880,  appnypriated  iWm 
for  continuing  work  on  this  lock.  The  approved  project  conteInplate^ 
doing  as  much  work  as  possible  on  that  part  of  the  look  which  tie^  ii 
the  pool  ab<n>e  the  dam,  leaving  the  latter  undisturbed. 

EBXDtATEB  FOB  1881-'82. 

This  work  is  one  of  a  class  that  requires  a  definite  sum  in  orders 
secure  results  with  economy,  and  without  undue  risks. 

The  estimated  cost  of  the  lock  is  $216,400,  and  I  would  strongly  ur^ 
the  importance  of  appropriating  at  once  the  sum  necessary  to  comple:: 
it.  Unless  work  can  be  carried  on  with  rapidity,  which  in  suchakse>i' 
synonymous  with  economy,  it  will  be  impossible  to  complete  the  pix»:^ 
within  Uie  estimates. 

I  therefore  estimate  for  the  next  fiscal  year  the  difference  between:!' 
estimated  cost  of  the  lock  ($216,400)  and  the  amount  already  approj' 
ated  ($80,000),  or  $136,400. 

Money  statement 

Jaly  1,  1879,  amount  available $30,000  00 

Amount  appropriated  by  act  approved  June  14, 1880 50, 000  00 

July  1,  1880,  amount  expended  during  fiscal  year 4, 457  29 

July  1,  1880,  outstanding  liabilities 770  74 


J, -• 


July  1,  1880,  amount  available 74,7 

Amount  (estimated)  reouired  for  completion  of  existing  project 1%4 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 168S . .  196. 4<> ' 


X  6. 

examofation  and  survey  for  ice  harbor  at  mouth  of  litn 

kanawha  river,  west  virginia. 

United  States  Enoineeb  Office, 
Cincinnaiij  OhiOj  January  30,  iSS"^ 

General  :  The  river  and  harbor  act  approved  March  3,  18W.  ^ 
rected  an  examination  and  survey  at  the  mouth  of  the  little  Kana^t. 
Kiver,  in  order  to  ascertain  the  adaptability  of  that  locality  to  an  :^ 
harbor.    The  clause  ordering  this  survey  readi^  as  follows : 

Ohio  River  and  month  of  Little  Kanawha  River,  West  Virginia:  To  ascertain  i 
adaptabiHty  of  that  locality  for  an  ice  harbor,  iuclnding  a  report  on  the  ewf  J- 
merit  of  that  point  compared  with  the  mouth  of  the  Munkingum  at  Ktfielti.  U^ 
siirreyed  nnder  the  provisions  of  the  act  of  June  18, 1878. 
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This  9urvey  and  examination  having  been  assigned  to  me,  I  have  the 
honor  to  submit  the  following  report : 

The  Little  Kanawha  Biver  rises  in  Upshur  County,  West  Virginia, 
very  near  the  center  of  the  State,  and  flows  northwesterly  until  it  joins 
the  Ohio  at  Parkersburg. 

The  desire  of  the  citizens  of  Parkersburg,  at  whose  instance  this  sur- 
vey has  bee^  ordered,  is  to  utilize  the  mouth  of  the  Little  Kanawha 
as  a  harbor  of  refuge  against  ice  in  the  Ohio.  They  assert  that  since 
the  construction  in  1868  of  locks  and  dams  on  the  Little  Kanawha,  the 
3i  miles  between  its  mouth  and  the  lower  dam  has  become  a  perfectly 
safe  ice  harbor,  and  that  it  only  needs  a  small  expenditure  to  be  made 
complete.  That  slackwater  dams  will  protect  from  ice  is  the  usual  ex- 
perience on  all  rivers  that  have  been  thus  improved,  and  I  have  no  doubt 
that  the  statement  as  to  the  result  on  the  Little  Kanawha  is  strictly 
correct.  There  are  others  who  go  even  further  and  state  that  no  boat 
was  ever  injured  while  wintering  in  the  mouth  of  the  Little  Kanawha. 
In  Api)endix  A  will  be  found  a  number  of  affidavits  as  to  the  safety  of 
the  Little  Kanawa  in  ice  floods. 

The  following  table  gives  the  widths  and  depths  in  the  mouth  of  the 
Little  Kanawha  within  the  limits  of  the  survey : 


Crcwa-aections  at— 


At  time  of  surrey  {  At  low-water  (0  on 
(S'.TS  on  gauge).    :  gauge). 


Foot  of  Ann  street.... 

At  bridge 

1,740  feet  above  bridge 


Feet. 

220 

1,100 

2.846 


Feet. 
340 
230 
409 


d 

4      ' 

7* 

«» 

g. 

2 

& 

^ 

Feet. 

Feet. 

12 

275 

*12 

175 

9  to  10 

330 

P. 

<5_ 

Feet. in. 

6    3 

*e    3 

3    8 


*Obstracted  by  remains  ol  old  pier. 

This  shows  that  the  river  is  undoubtedly  narrower  than  is  desirable 
for  the  handling  of  fleets,  but  that  there  is  a  sufficient  depth  of  water 
3xcept  in  very  low  stages.  The  river  is  usually  low  when  it  freezes  over, 
but  the  dead  low  stage  occurs  in  the  fall  months,  and  there  is  always  an 
increase  in  depth  before  winter  sets  in. 

The  remains  of  the  middle  pier  of  the  old  bridge  are  an  obstruction 
:bat  must  be  removed  before  this  harbor  can  be  fully  utilized.  The 
;ross-section  at  the  site  of  the  bridge  shows  very  clearly  how  great  an 
>b8truction  it  is.  The  top  was  somewhat  lowereid  during  the  fall  just 
>ast,  but  more  work  must  be  done  before  access  to  the  river  above  the 
>ridgo  can  be  considered  as  entirely  safe  in  low-water.  It  is  evident 
ilso  that  the  river  is  too  narrow  to  permit  a  coal  fleet  to  be  turned 
iround.  Any  fleet  entering  this  harbor  must  be  untied  and  reformed, 
>r  it  must  be  backed  out. 

The  chief  obstruction  to  the  present  use  of  the  mouth  of  the  Little 
[^lanawha  is  the  lack  of  height  of  the  bridge  that  spans  it  ^  of  a  mile 
ibove  the  mouth.  The  bottom  of  this  bridge  at  its  middle  is  42  feet  8 
nches  above  the  zero  of  the  gauge,  and  as  the  highest  recorded  high- 
vater  (that  of  April,  1852)  reads  60.14  on  the  gauge,  it  is  evident  that 
lie  bridge  is  18^  feet  below  high- water.  While  it  is  a  reasonable  answer 
hat  such  a  flood  is  exceptional,  it  is  nevertheless  plain  that  a  bridge 
vhich  is  only  at  the  level  of  ordinary  high-water  cannot  have  any  spare 
(pace  under  it  for  steamboats  at  any  stage.  That  this  is  the  fact  I  can 
estify  fix)m  my  own  experience,  as  I  once  tried  to  take  the  XJ.  S.  snag- 
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boat  E.  A,  Woodruff  up  the  Little  Elanawha  iu  ordinary  low-wata*,  but 
could  not  get  her  under  this  bridge,  although  the  Woodrufi  is  not  a  high 
boat.  The  difficulty  was  not  with  the  chimneys,  which  can  be  lowered, 
but  with  the  pilot-house. 

It  is  evident  that  if  the  mouth  of-  the  Little  Kanawha  is  to  be  folly 
utilized  as  a  harbor  of  refuge  for  Ohio  Biver  boats,  the  bridge  over  this 
river  ought  to  give  as  much  head  room  under  it  as  is  given  by  the  Ohio 
Eiver  bridges  in  the  neighborhood. 

As  a  rule,  boats  only  seek  such  harbors  during  low  or  moderate  stages. 
but  as  ice  always  goes  out  on  a  rising  river,  boats  that  ventured  in  and 
passed  above  the  bridge  might  be  unable  to  return  until  long  after  the 
ice  had  departed. 

There  ai*e  three  ways  of  remedying  this  objection : 

1.  The  government  might  buy  and  destroy  the  bridge. 

This  alternative,  however,  is  a  very  objectionable  one,  as  the  bridge 
is  a  needed  public  improvement,  and  its  total  destruction  would  be  a 
step  backwards.  There  are  a  number  of  refineries  and  other  industrial 
establishments  on  the  west  side  of  the  river  that  need  close  commnnica 
tion  with  Parkersburg,  besides  the  necessity  of  providing  an  easy  inlet 
from  the  sun*ounding  country.  I  am  informed  unofficially  that  tlit^ 
bridge  company  will  sell  outright  for  $32,500. 

2.  The  bridge  might  be  turned  into  a  draw-bridge. 

This  alternative  is  also  highly  objectionable,  as  it  would  necessitate* 
the  reconstruction  of  the  central  i>ier,  whose  foundations  are  now  a 
serious  obstruction.  The  objection  would  not  be  so  great  if  the  basin 
above  the  bridge  were  so  commodious  and  afforded  so  excellent  a  harbor 
as  to  justify  a  considerable  outlay  of  time  and  trouble  in  order  to  reach 
it.  Unfortunately,  the  mouth  of  the  Little  Kanawha  is  contracted,  and 
therefore,  if  it  is  to  be  utilized  at  all,  access  to  it  must  be  perfectly  free. 
I  cannot  therefore  recommend  that  the  present  narrow  channel  he 
reduced  by  a  large  pivot  pier,  and  that  the  present  single  span,  tha: 
covers  the  whole  width  of  the  river,  be  changed  into  two  short  revolving 
spans.  The  width  at  the  site  of  the  bridge  was  only  230  feet  at  the  tm 
of  the  survey,  when  the  gauge-reading  was  a  little  less  than  6  feet;  ami 
if  30  feet  of  this  were  taken  up  by  a  pivot  pier,  it  would  leave  only  HH« 
feet  on  each  side  for  navigation.  As  this  is  precisely  the  width  of  an 
ordinary  coal  fleet  four  barges  wide,  it  evidently  leaves  no  margin  for 
leeway,  and  is  insufficient. 

The  bridge  company  is  willing  to  permit  this  change  to  be  made  at 
the  expense  of  the  United  States,  proWded  the  latter  will  pay  the  brid^^ 
company  $400  per  month  for  the  time  in  excess  of  90  days  that  travel 
on  the  bridge  is  stopped.  Their  letter  to  this  effect  is  annexed  as  Ap- 
pendix B. 

The  cost  of  transforming  this  bridge  into  a  draw-bridge  is  estimated 
at  $30,000,  it  being  assumed  that  the  transformation  can  be  made  with- 
out incurring  the  penalty  mentioned  above. 

3.  The  bridge  might  be  raised  to  a  sufficient  height  to  allow  boats  to 
pass  under  at  all  stages. 

As  this  change  is  to  benefit  steamboats  that  navigate  the  Ohio,  it 
ought  to  conform  to  the  rules  that  regulate  the  heighta  of  bridges  on 
that  river.  The  act  of  Congress  regulating  bridges  over  the  Ohio  Biver 
above  the  mouth  of  the  Big  Sandy  prescribes  that  they  shall  be  90  feet 
above  low- water,  and  the  bridge  at  Parkersburg  conforms  to  tbis  b^- 
This,  therefore,  is  the  height  to  which  the  highway  bridge  over  tiie  Little 
Kanawha  ought  to  be  raised.    As  this  bridge  is  now  only  42  feet  8  inches 
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ibove  low- water,  it  will  require  an  additional  height  of  47  feet  4  inches 
II  order  to  be  on  a  level  with  the  Parkersburg  bHdge  over  the  Ohio. 

Local  circumstances  are  such  that  the  utility  of  the  bridge  would  be 
lostroyed  if  it  were  raised  to  this  height.  I  therefore  caused  estimates 
o  be  made  on  an  assumed  raising  of  32  feet.  The  survey  and  estimates 
rere  made  by  Mr.  W.  B.  Strong,  assistant  engineer,  and  are  as  follows: 

Hudson,  Ohio,  January  9,  1879. 

Sir:  I  have  the  houor  to  submit  the  following  report  of  a  plau  for  raisine  the  wagon 
•ridge  near  the  mouth  of  the  Little  Kanawha  River,  at  Parkersburg,  W.  va. 

It  is  proposed  to  raise  the  bridge  32  feet.  The  estimate  already  Mubmitted  of  the 
t>Ht  of  doing  this  is  based  upon  the  following  plan  of  operations  (A) : 

l»t.  The  erection  of  false  work  and  removal  of  bridge  from  its  present  position. 

2<l.  The  entire  removal  of  both  abutments. 

This  course  is  nfquired  on  account  of  their  imperfections  and  improper  construction. 

The  west  abutment  is  badly  cracked,  and  although  strengthened  by  in)n  bauds  and 
it'-rods,  is  hardly  secure  as  a  support  for  the  bridge  at  its  present  grade. 

The  east  abutment  is  apparently  in  good  condition,  but  the  substantial  portion  of 
t  i.s  a  mere  shell.  The  entire  backing  was,  according  to  the  specifications  in  the  hands 
f  the  secretary  of  ihe  Little  Kanawha  Bridge  Company,  laid  up  dry. 

The  cost  of  the  removal  of  the  old  abutment  is  not  included  in  this  estimate,  because 
t  is  assumed  as  bein^  equivalent  to  that  of  quarrying  the  same  amount  of  stone,  with 
I  decided  advantage  m  respect  to  haul. 

:kl.  Uuildlug  piers  to  the  lieight  required  for  the  new  grade. 

As  now  constructed,  the  west  end  of  the  bridge  is  3.7  feet  higher  than  the  east  end, 
^ud  the  same  relative  height  has  been  preserved  in  this  plan,  for  the  reason  that 
hereby  the  long  approach  on  the  east  side  is  made  some  92  leet  shorter,  and  a'consid- 
rable  saving  effected  in  length  of  trestle-posts,  assuming  the  same  grade  as  in  the 
dan  adopted. 

The  assumed  section  of  the  tops  of  the  piers  is  6  by  28  feet,  and  the  height  from  top 
)f  foundations  72  feet.  The  batter  is  1  inch  per  foot ;  this  gives  the  area  of  base  18  by 
0  feet. 

A  careful  computation  of  all  strains  to  which  the  piers  can  be  subject-ed  indicates 
A\\\t\e>  stability  in  one  of  the  above  dimensions. 

4th.  The  reerection  of  false  work  and  replacing  the  bridge  in  position. 

1  have  included  the  cost  of  first  putting  up  false  w^k,  removing  the  bridge  from  it« 
tresent  position,  again  erecting  false  wurk,  and  a^ain  replacing  bridge  in  one  lump 
um,  based  upon  a  bill  of  timber  required  for  the  talse  work  and  an  estimate  of  the 
lost  of  the  work,  made  by  Mr.  G.  W.  Talley,  the  carpenter  who  raised  the  bridge  when 
irst  built,  viz,  ^4,000. 

.'>th.  The  construction  of  approaches  to  each  end  of  the  bridge. 

The  approach  on  the  east  side  is  to  extend  a  distance  of  650  feet  up  Market  street, 
^arkersburg. 

The  approach  on  the  west  side  is  to  extend  260  feet  to  the  blufi".    That  on  the  east 
ide  is  to  descend  with  a  grade  of  4  feet  in  100,  which  will  just  about  give  under  pas 
lage  at  Neal-street  crossing. 

On  the  west  side  the  ^rade  descends  5  feet  iu  100,  which  bring  the  roadway  to  the 
ground  at  a  suitable  point  to  meet  a  new  road  proposed  to  be  built  by  Wood  County. 

As  these  grades  are  within  the  limits  of  good  engineering  practice  for  highways,  the 
tuly  objections  that  can  exist  to  them  are  those  of  a  nature  connected  with  the  construe 
ion  and  stability  of  the  work. 

One  objection  to  them  grows  out  of  the  horizontal  strains  that  must  be  resistied  by 
he  piers.  Those  acting  on  the  large  piers,  as  has  been  already  stated,  are  not  sum- 
lient  to  endanger  their  stability. 

In  order  to  relieve  the  iron  trestles  in  the  east  approach  from  this  horizontal  strain, 
t  is  proposed  to  make  the  spans  continuous  each  way  from  the  ends  of  the  approach 
owaxd  the  center,  to  fix  them  at  the  extreme  ends,  one  to  the  masonry  pier  and  the 
ither  to  the  abutment  at  the  lower  end  of  the  approach,  and  to  leave  them  iree  to  ex- 
>and  and  contract  at  the  middle  of  the  approach,  being  divided  there.  In  this  way  I 
hink  that  all  objections  on  account  of  grades  may  be  overcome. 

Plan  and  estimate  A  suppose  the  approaches  built  of  65-foot  spans,  supported  on 
ron  trestles  of  two  groups  of  Phoenix  columns,  four  in  a  group,  oraced  together  at 
ntervals  of  from  6  to  10  feet. 

The  trusses  are  of  the  Murphy- Whipple  plan,  6  feet  6  inches  between  axes  of  chords, 
ind  the  same  distance  for  the  panels.  The  floor-beams  are  I  section,  28  feet  long,  prc- 
ectiug  4  feet  at  each  end  out«ide  of  the  axes  of  the  trusses  in  order  to  support  a  side- 
/valk.  They  are  trussed.  They  also  act  as  stmt«  for  the  lateral  bracing,  and  are  sus- 
pended under  the  posts.    The  ties  for  the  lateral  bracing  have  a  run  of  three  panels. 
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Thero  i8  an  iron  hand-rail  on  iron  I-section  posts  for  the  sidewalks. 

The  flooring  is  to  be  of  ^-inch  oak  plank  laid  obliquely,  aupportiMl  on  wbitf  nine 
longitudinals  3  by  10  inches,  and  30  inches  between  centers. 

The  iron  trestles  have  a  system  of  transverse  bracing  extending  down  G  feet  fum 
the  caps.  The  lower  portion  is  left  open  to  accommodate  traffic.  The  bases  of  the 
columns  in  a  group  are  bolted  to  a  bed-plate  of  wrought  iron,  which  in  turn  is  either 
bolted  to  a  pier  of  masour>'  or  to  a  cast-iron  anchor  sunk  in  a  x>it  and  filled  in  m. 
around  with  concrete  and  stone. 

The  tops  of  the  columns  are  connected  in  a  similar  way  to  a  plate  that  acts  as  a 
bridge-seat,  and  all  have  expansion  rollers. 

The  strains  in  the  upper  set  of  five  spans  resulting  from  the  horizontal  componcDt* 
of  their  weight  will  be  tensile,  while  those  in  the  lower  five  spaua  will  be  eompre^tilTc 
For  the  purposes  of  estimate,  these  neutralize  each  other. 

Estimate  B  is  based  upon  the  modification  of  A,  which  conaista  in  substituting  6h<vt 
spans  of  16^  feet  for  all  but  four  of  the  65-foot  spans,  viz :  one  on  aide  adjoining  verf 
pier,  two  on  east  side  adjoining  east  pier  and  extending  over  Kanawha  street,  i^ 
one  at  crossing  of  Neal  street. 

The  tracing  for  plan  B  shows  sufficiently  the  constniction  of  the  short  spans.  Thrs 
advantages  over  the  long  spans  consist  in  less  cost  of  constmction  and  greater  loo^r 
tudinal  rigidity,  while  they  possess  the  disadvantage  of  interfering  more  withtnir 

This  report  is  accompanied  by  tracings  marked  A  and  B,  and  corresponding  wit: 
the  estimates  A  and  B,  which  give  plan  and  elevation  of  bridge  and  certain  section 
and  details. 

Respectfully  submitted, 
Your  obedient  servant, 

Wm.  E.  Strokg, 
AMUtant  Engimt. 

Col. .Wm.  E.  Merrill, 

Major,  Corps  of  Engineers,  U.  S.  A. 
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Estimate  A  of  coat  of  raUing  wagon  bridge  near  mouth  of  Little  Kanawha  BiveTf  Parkert- 

hurg,  Jr,  Fa.,  32  feety  and  of  approaches. 


Quantities. 


.  100  cubic  yards 

17  cable  yaras i 

,226  cubic  yards I 

8.4  cubic  yards 

0,088  pounds , 

45, 145  pounds 

4,585  pounds 

.760  pounds 

9, 140  feet,  board  measure. .  i 
6,844  feet,  board  measure. . 


Description  of  work.  Price. 

Foundation  excavation $0  30 

Kough  ashler  masonry 6  00 

8 uarry-faced masonry..., |      8  00 
ut-stone  masoniT 10  00 

Wrought  iron  in  trestles 08 

Wrought  iron  in  14  spans  (66'  each) 10 

Cast  iron  in  14  spans  (OS'  each) 05 

Cast  iron  in  trestles 05 

Whiteoak  flooring , 016 

White-pine  Joists I         02 

False  work,  rijmoving  and  replacing  300-foot  span 

Damages  to  property,  south  ude , 

Engineering  ana  contingencies,  about  7  per  cent 


Amounts 


1333  00 

3, 102  00 

17,808  00 

384  00 

7,207  04 

84, 614  60 

3,220  25 

288  00 

737  10 

536  88 

4,000  00 

2,000  00 

6,860  28 


80,000  00 


^Jatimate  By  being  a  modification  of  estimate  Ay  caused  by  substituting  shorter  spans  in  the 

approaches. 


Quantities. 


Description  of  work. 


,140  cubic  yards 

29  cubic  yards j 

66  cubic  yards 

.  226  cubic  yards | 

6.1  cubic  yards , 

8.613  pounds 

7,087  pounds 

7,654  pounds I 

8,450  pounds I 

1,057  pounds 

0,980  pounds 

0. 140  feet,  board  measure. . , 
4,833  feet,  board  measure. . 


Foundation  excavation 

Concrete  and  stone  filling  for  anchors 

Bough  ashler  masonry 

8  uarry-faoed  masonry 
u  t-stono  masonry 

Wrought  iron  in  4  spans  of  65  feet 

Wrought  iron  in  trestles  for  4  spans  of  66  feet. 

Wrought  iron  in  trestles,  38  short  spans 

Cast  iron  in  4  spans  of  65  feet 

Cast  iron  in  trestles  for  4  spans  of  66  feet 

Cast  iron  in  trestles,  88  short  spans 

White-oak  flooring 

White-pine  Joists  and  rails 

False  work,  &o 

Damages,  south  side    

Engineering  and  contingencies 


Price. 


$0  30 


6 
6 

8 


00 
00 
00 


10  00 
10 
08 
08 
06 
06 
06 
016 
02 


Amount. 


$843  80 

774  00 

2,796  00 

17,808  00 

261  00 

9,861  80 

2,906  06 

7,812  38 

922  50 

102  85 

1,649  00 

737  10 

896  66 

4,000  00 

2,000  00 

7,169  00 


60.000  00 


The  bridge  company  refuses  its  consent  to  the  raising  of  their  bridge. 
Cheir  statement  to  this  effect  is  annexed  as  Appendix  G. 

It  will  be  seen  from  Captain  Chancellor's  letter  (Appendix  D)  that  the 
noiith  of  the  Little  Kanawha  is  frequently  obstructed  by  masses  of  Ohio 
[liver  ice,  thus  preventing  ingress  or  egress.  This  action  is  less  marked 
low  than  formerly,  on  account  of  the  effect  of  the  piers  of  the  Parkers- 
)urg  bridge  in  breaking  up  the  large  fields.  It  has  been  suggested  that 
f  a  few  timber  and  stone  ice  breakers  were  placed  below  the  bridge, 
>n  the  West  Virginia  side  of  the  channel  and  opposite  the  centers  of 
:he  side  spans,  these  auxiliary  piers  would  still  further  break  up  the 
uasses  of  floating  ice  and  help  to  prevent  any  gorging  across  the  mouth 
)f  the  Little  Kanawha. 

The  idea  is  a  good  one,  and  I  think  that  it  is  worth  trying.  The  ex- 
pense will  be  small,  and  if  any  injurious  result  should  follow,  the  ice 
breakers  can  be  torn  up  without  extra  cost  by  the  government  snag- 
:>oat. 

I  would  propose  two  piers,  composed  of  wooden  cribs  filled  with  rip- 
rap, and  similar  in  construction  to  those  used  on  the  Ohio  and  Monon- 
?ahela  rivers  for  the  protection  of  coal-barges.  They  should  be  placed 
opposite  the  middle  point-s  of  the  two  short  spans  that  a<\join  the  chan- 
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Bel  spans  on  the  sonth,  and  at  a  distance  below  the  bridge  of  from 
to  200  feet,  the  exact  distance  to  be  determined  when  work  is  bepn. 
From  the  action  of  these  piers  we  can  judge  the  advisability  of  bailding 
more  or  of  removing  these. 

I  would  recommend  that  they  be  built  to  a  height  of  30  feet  above 
low- water,  and  they  be  so  arranged  as  to  admit  of  raising  if  additioDai 
height  should  prove  advisable.  If  we  follow  the  experience  aeqaircd 
elsewhere  in  similar  piers,  we  will  give  these  a  width  of  22  feet  aoda 
base  of  56  feet.  The  up-stream  end  should  be  a  smooth  inclined  plane 
with  an  angle  to  the  horizon  of  45^.  The  rest  of  the  crib  can  be  buil! 
log-house  fashion,  but  no  ends  of  timbers  should  project  from  the  sidf& 

The  estimated  cost  of  one  of  these  piers,  including  engineering  m 
contingencies,  is  $3,000.    The  two  would  therefore  cost  $6,000. 

SUMMARY. 

The  work  therefore  that  is  needed  to  utilize  the  month  of  the  Link 
Kanawha  as  a  harbor  of  refuge  is  as  follows: 

1.  To  raise  the  highway  bridge  on  the  Little  Kanawha  32  feet 

2.  To  remove  the  remains  of  the  old  center  pier  of  this  bridge. 

3.  To  build  two  iiic-breakers  below  the  railroad  bridge  across  theOV 
The  first  object  cannot  be  accomplished  without  buying  out  the  bridr 

com])any,  which  I  consider  unadvisable. 

The  second  object  should  be  attained  by  the  bridge  company  at  tb« 
own  expense.  They  have  left  in  the  river  an  obstacle  to  freenavigati«: 
which  they  should  be  compelled  to  remove.  The  law  would  proba^ ' 
hold  them  responsible  for  any  damages  caused  by  this  obstruction,  \:< 
the  removal  of  the  obstacle  is  more  important  to  navigation  than  apft 
Bible  mulcting  of  the  bridge  company. 

The  third  object  can  be  attained  by  the  United  States  at  the  modeR' 
cost  of  $6,000.    I  think  that  it  is  worth  the  trial. 

The  clause  in  the  river  and  harbor  act  under  which  this  repon* 
made  orders  a  comparison  between  the  cost  and  merit  of  an  ice  bart*r 
in  the  mouth  of  the  Little  Kanawha  and  one  in  the  mouth  of  the  M> 
kingum.  In  another  part  of  the  same  act  the  Muskingum  ice  harbit* 
formally  adopted  by  the  appropriation  of  $30,000  to  commence  w(k> 
Under  this  appropriation  a  contract  has  been  made  for  the  delivery' 
the  necessary  stone. 

Under  these  circumstances  the  only  question  left  unsettled  is  wbetbc 
in  view  of  the  adoption  of  the  Muskingum  ice  harbor,  it  is  advisabk^ 
«pend  any  money  at  the  mouth  of  the  Little  Kanawha^ 

I  would  reply  that  the  amount  recommended  is  very  small,  and  as  t' 
localities  are  12^  miles  apart,  a  boat  might  be  able  to  seek  a  teffi^' 
the  Little  E^nawha  that  could  not  get  to  Marietta.  I  therefore  tbifi' 
that  the  w(»'k  at  the  mouth  of  the  Muskingum  need  not  preclade  t^' 
4t  the  mouth  of  the  Little  Kanawha.  There  is  no  danger  tixut  the  oa^ 
gation  of  the  Ohio  will  ever  be  made  too  safe. 

This  report  is  aocompanied  by  a  map  of  the  locality  and  by  a  traebf 
showing  the  plan  proposed  for  raising  the  brklge  over  the  little  & 
nawha% 

Respectfully  submitted. 

Wm.  E.  Mebeiu, 

General  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A. 
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Appendix  A. 

AFFIDAVITS  AS  TO  THE  SAFETY  OF  THE  LITTLE  KANAWHA  RIVER  IN  ICE  FLOODS. 

I. 

This  may  certify  that  I  have  been  a  resident  of  Parkersburg,  W.  Va..  for  over  fifty 
years,  and  have  llMsen  engaged  in  the  wharf-boat  hnsiness  at  the  mouth  of  the  Little 
Kanawha  River  for  the  last  thirty  years,  and  dnrin^  that  time  there  has  been  mors  or 
less  nninber  of  steamboats  put  into  the  month  of  said  stream  for  winter  qnartexs,  and 
no  steamer  has  ever  received  the  slightest  injury  £com  ice  whilst  in  this  harbor. 

I  will  farther  state  that  I  consider  it,  since  the  erection  of  the  dam  about  four  milss 
above  the  mouth,  as  the  safest  ice  harbor  on  the  Ohio  River. 

Leonard  Cross. 
Subscribed  before  me  this  18th  day  of  December,  1879. 

£.  P.  Chancellor, 

Notanf  Publio, 

2. 

This  may  certify  that  the  undersigned  have  been  residents  of  Parkersburg  for  the 
last  sixty  years,  and  during  that  time  no  steamboat,  harbored  in  the  mouth  or  at  any 
point  on  the  Little  Kanawna,  has  ever  been  damaged  by  ice  to  our  knowledge :  and 
we  further  certify  that  we  believe  the  Little  Kanawha  the  beat  natural  harbor  (being 
deep)  on  the  Ohio  River. 

H.  Logan. 

Wm.  Looan. 

Law.  p.  Nbal. 

S.  N.  Keal. 

Geo.  B.  Neal. 

Subscribed  before  me  this  18th  day  of  December,  1879, 

£.  P.  Chancellor, 

Notary  PubUc, 


Appendix  B. 
resolution  of  the  little  kanawha  bridge  company. 

At  a  meeting  of  the  stockholders  of  the  Little  Kanawha  Bridge  Companv,  called 
>y  the  president  and  directors  thereof,  and  held  at  the  office  of  Dr.  A.  G.  Clark,  in  the 
uty  of  Parkorsburff,  W.  Va.,  in  pursuance  of  a  public  notice,  on  Wednesday,  tlie  31st 
l&y  of  December,  1879,  at  10  o'clock  a.  m. 

Present,  a  majority  of  stockholders  of  said  company,  representing  a  majority  of  the 
tapital  stock  thereof  and  a  majority  of  the  votes  of  uie  said  company. 

The  president  of  the  board  of  directors  explained  the  object  of  the  meeting,  and, 
>ii  motion  of  Dr.  A.  G.  Clark,  the  Hon.  George  Loomis  was  called  to  the  chair. 

On   motion  of  William  M.  Evans,  seconded  by  Henry  Logan,  it  was  unanimously 

*'  Hesolved,  That  in  contemplation  of  the  proposition  for  the  construction  of  an  ioe 
larbor  iu  the  Little  Kanawha  River  by  the  United  States,  and  in  view  of  the  fact,  in 
he  construction  of  such  ioe  harbor,  it  will  be  necessary  to  alter  the  present  bridge  of 
his  company  across  the  said  river  at  the  city  of  Parkersburg  by  making  the  same  a 
raw-bridge,  this  company  hereby  gives  its  consent  to  such  alterations  on  the  foUowii^g 
onditions : 

"If  the  crossing  of  the  said  bridge  shall  not  be  interrupted  more  than  ninety  davs, 
hen  this  company  will  reouire  no  consideration  as  compensation  for  the  said  briogo 
uring  such  ninety  days ;  out  if  such  crossing  shall  be  interrupted  more  than  nine^ 
ays,  then  this  company  to  be  paid  (#400)  four  hundred  dollars  per  month  for  the  time 
he  crossing  of  the  saia  bridge  shall  be  so  interrupted  beyond  such  ninety  days." 

A  copy  from  the  minutes  under  the  seal  of  said  bridge  company  by  its  secretary. 

[a&AX.]  S.  C.  Shaw, 

Secretary  f  fc. 
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Appendix  C. 
uttlk  kanawha  bridge  company  to  major  w.  e.  merrill,  corps  of  engiyikrs. 

Pabkersburg,  W.  Ya.,  JanManf9,  W^. 

Sir  :  In  reply  to  your  letter  of  the  8th  instant  I  have  the  honor  to  inform  yon  that 
At  a  called  meeting  of  the  stockholders  of  the  company  held  on  the  3lHt  ultimo,  tt^ 
question  of  granting  permission  to  the  United  States  Goyemment  ^'  to  rmt  the : 
bridge^  continuing  it  in  its  present  form,  was  disoussed  at  length  and  met  witb  in»^'- 
mountable  <ypo9ition,  the  main  objection  being  the  damage  that  wonld  result  to  jiriva^ 
property  of  our  citizens,  especially  that  on  Market  street,  by  reason  of  the  clevftirt; 
approach  which  would  be  necessitated  by  the  change.  The  only  proposition  vka 
did  obtain  their  willing  consent  was  the  one  embodied  in  the  fesblntions  of  whirii.  b 
order  of  the  meeting,  you  were  furnished  an  official  copy,  viz,  that  of  chaugiog  ^1 
present  into  a  draw-bridge. 

Very  respectfully,  your  obedient  servant, 

V.  Vkoomas, 
Prenident  Little  Kanawha  Brtdgt  C<mpa»f 
Col.  W.  E.  Merrill, 

Maj<tr  Corps  of  Engineers^  U,  S.  A, 


Appendix  D. 
captain  e.  p.  chancellor  to  major  w.  e.  merrill.  corps  of  snoixsees 

Parkersburo,  Docember  13, 1?^ 

Dear  Sir:  In  compliance  with  a  promise  made  some  time  ago,  although  a  little U' 
I  write  in  the  Interest  of  steamboat  owners,  river  men,  and  shippers  on  the  ^y( 
OMo.  with  the  view  of  calling  your  attention  to  the  necessity  of  an  ice  harbor  andi 
smi^i  cost,  at  the  mouth  of  the  Little  Kanawha  River.    This  is  probably  the  e  * 
remarkable  stream  emptying  into  the  Ohio,  as  it  is  the  only  one  of  any  size  on  t- 
Upper  Ohio  which  has  deep  water  at  all  times  at  its  mouth,  and  which  maintains  th 
depth  for  4  miles  to  the  mrst  dam,  giving  mooring  for  boats  for  8  miles  on  then 
Bides  of  this  harbor.    This  dam  spoKen  of  is  14  feet  high,  and  breaks  the  ice  as  it  \^ 
Qvetf  and  renders  it  harmless  to  boats  below  it.    The  only  trouble  ever  experienc 
heretofore,  in  a  general  break  up,  has  been  in  the  Ohio ;  ice  in  large  cakes  stop]-  • 
the  mouth  of  the  Kanawha,  and  gorging.    This  difficulty  has  been  obviated  to  ^ 
extent  by  the  building  of  the  jy^at  railroad  piers,  about  half  a  mile  above  in  the  0: 
By  the  erection  of  three  additional  piers  h«tween  the  bridge  piers  on  the  Virp- 
aide  it  would  entirely  protect  the  Kanawha  from  gorging,  and  render  the  harbor. 
aolutely  safe.    These  piers  would  have  a  tendency  to  stop  the  ice  early  at  this  pa: 
and  allow  the  ice  below  to  flow  out  and  give  open  navigation  through  the  wiDt«r ' 
all  points  below,  and  give  boats  below  an  opportunity  of  making  the  har))or  of  n^< 
before  the  terrible  break  up  firom  above  should  occur. 

It  would  be  necessary  to  raise  the  bridge  now  spanning  the  Kanawha  River,  sar  :> 
or  35  feet,  to  give  ample  room  for  boats  to  go  under  at  any  stage  of  water.  This  v*^^ 
be  better,  if  not  cheaper,  than  a  draw-briSge,  and  would  not  necessitate  the  eivct>'' 
of  piers  which  would  obstruct  navigation.  The  Kanawha  heads  south,  and  do»  > 
freeze  up  so  early  nor  so  heavy,  and  it  disappears  much  earlier  than  ice  in  the  Obio' 
streams  neading  north.  There  have  been  more  or  less  steamboats  laid  up  foTi(«-' 
the  mouth  of  this  river  for  the  last  forty  years,  or  since  the  invention  of  stesBiNtt'* 
and  not  one  has  ever  received  the  slightest  injury.  This  proves  its  absolute  safei}  >" 
a  harbor  for  the  protection  of  boats  uom  the  destructive  ice  floes  which  occur  %\^* 
every  winter  in  tne  Ohio  River. 

The  cost  of  these  improvements  would  be  very  little  indeed  compared  to  thf  p^ 
benefit  which  would  ensue  to  the  commerce  to  the  Ohio  Valley.  Every  facility  ^ 
be  offered  by  the  citizens  of  Parkersburg,  the  bridge  company,  and  otJiers  wba»e  t 
terest  may  in  any  way  connect  them  with  the  improvement.  The  Little  KaD»»-» 
has  lately  become  a  navigable  stream  of  the  United  States,  as  also  a  post-ivQt«.  I  ^^ 
lieve,  and  the  bridge  over  it  should  be  raised,  as  it  is  now  an  obstruction.  This  woai* 
be  at  least  half  the  cost  of  the  improvement. 

Traffic  has  very  much  increased  on  the  Kanawha  since  the  slackwater  b»  ^'- 
completed,  and  several  steamers  are  engaged  in  transportation  and  towing  od  it. 

In  conclusion  I  may  say  that  the  Little  Kanawha  is  the  he9t  natural  karhcr  oo  tl- 
Ohio  River.    The  expenditure  to  perfect  it  has  four-fifths  been  made  in  the  buildup' 
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»f  the  (Iaui  Wfore  uitMitioned  and  the  erection  of  the  bridge  piers  in  tho  Ohio,  and  I 
e<^l  well  aHsurcd  if  the  matter  is  understood  by  Congress  there  will  be  no  hesitation  in 
minting  the  necessary  liinds  to  complete  it.  In  doing  so  there  will  be  no  necessity 
V>r  additional  outlay  in  all  time ;  no  dredgingi  uo  locks  to  keep  up,  no  superintendents 
o  pay,  and  all  this  at  probably  one-t«nth  the  expenditure  to  construct  an  effective  or 
lafe  harbor  at  any  other  point. 

Hoping  that  your  views  may  not  be  at  variunre  with  my  own,  and  that  you  may 
'iTommeud  favorably  to  the  Little  Kanawha,  I  remaiit, 
Your  obe<liont  servant, 

E.  P.  Chancellor. 
Col.  \V.  E.  Merrill, 

Major,  Cwpa  of  Engineer n^  T.  S.  A. 


X  7. 

survey  of  green,  muddy,  and  barren  rivers,  kentucky. 

United  States  Engineer  Office, 

Cincinnati^  OhiOj  February  21,  1880. 

General:  The  river  and  harbor  act  approved  March  3, 1879,  directed 
he  following  surveys,  viz : 

Green  River  and  its  tributaries,  Mnddy  and  Barren  rivers,  Kentucky. 

This  survey  was  assigned  to  me,  and  I  have  the  honor  to  submit  thereon 
:he  following  report : 

The  drainage  biisin  of  the  Green  Biver  and  its  tributaries  may  be  said 
:o  lie  wholly  in  the  State  of  Kentucky  as  its  overlap  into  Tennessee  does 
not  exceed  10  miles  at  the  maximum.  The  greatest  length  of  the  basin 
s  175  miles,  and  the  direction  of  the  line  of  maximum  length  varies  very 
slightly  from  the  parallel  of  37°  25'  north  latitude.  The  maximum 
t)readth  of  thel)a8in,  measured  on  the  meridian  of  86^  21'  west  longitude, 
s  90  miles.  The  total  drainage  area  is  approximately  10,000  square 
miles. 

Nearly  fifty  years  ago  the  State  of  Kentucky  entered  very  actively 
ipon  a  course  of  internal  improvement-,  and  one  of  its  chief  undertakings 
K^a^  the  improvement  by  locks  and  dams  of  the  Oreen  Biver  and  its 
3rincipal  tributaries.  There  was  some  delay  in  beginning  work,  but  the 
irst  contract  for  a  lock  and  dam  on  Oreen  Biver  was  made  in  December, 
1833.  The  lock  and  dam  in  question  was  that  at  Bumsey,  which  is  No.  2 
)f  the  system.    It  was  first  oi>ened  to  navigation  in  December,  1837. 

In  1841  the  slackwater  system,  as  we  now  find  it,  was  finally  com- 
pleted and  opened  to  navigation.  It  consists  of  four  locks  and  dams 
>n  the  Green  Biver,  and  one  on  its  chief  tributary,  the  Big  Barren,  the 
ive  giving  continuous  navigation  from  the  Ohio  Biver  to  Bowling  Oreen, 
S[y.,  a  distance  of  175  miles.  The  lowest  dam  is  at  Spottsville,  8|  miles 
ibove  the  confluence  of  the  Oreen  with  the  Ohio,  but  backwater  from 
the  Ohio  gives  a  sufficiency  of  water  up  to  lock  No.  1. 

The  locks  and  dams  on  the  Oreen  and  Big  Barren  are  owned  by  the 
State  of  Kentucky,  and  were  managed  by  the  State  until  1868. 

In  1868  the  Oreen  and  Barren  Biver  Navigation  Company  was  char- 
tered by  the  legislature  of  Kentucky,  and  to  this  company  the  State 
loaned  these  locks  and  dams  for  a  period  of  thirty  years.  The  preamble 
bo  the  charter  gives  as  a  reason  for  this  action  that  the  works  had 
ilways  been  a  charge  upon  the  State ;  that  they  were  largely  in  debt, 
%nd  that  there  was  no  prospect  of  any  improvement.    [These  statements 
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are  positively  denied  by  the  opponents  of  this  charter.  They  assert  tbat 
the  State  records  showed  at  tiie  time  of  the  lease  that  the  works  M 
returned  to  the  State  treasury,  above  the  cost  of  maintenance,  |45^7^L 
Since  then  the  general  gov^nment  has  paid  the  sum  of  $50,560^  for 
the  use  and  iiy  ury  of  this  slackwater  during  the  war.  (See  Appendix  B.*)] 
The  company  was  to  collect  all  the  revenue  of  the  improvement,  and  Uie 
only  consideration  required  was  that  the  works  should  be  kept  in  repair 
and  returned  to  the  State  in  good  condition  at  the  end  of  the  lea^. 
The  company  was  likewise  empowered  to  own  and  operate  steamboat^^ 
to  buy  and  sell  real  estate,  to  work  coal  mines,  to  deal  in  the  product.^ 
of  the  country,  and  in  general  to  engage  in  any  business  that  they  might 
choose.    For  a  copy  of  their  charter  and  its  amendments  see  Appendix  A. 

It  will  at  once  be  apparent  that  the  navigation  company  is  not  only 
the  practical  owner  of  the  locks  and  dams  on  Oreen  and  Barren  Bivei^, 
but  that  it  is  also  authorized  to  compete  for  the  business  of  transpoit- 
ing  freight  It  naturally  used  this  privilege,  and  the  necessary  lesai: 
was  to  practically  drive  off  all  boats  except  those  owned  by  tibe  €<Nr. 
pany.  There  are  but  two  regular  freight  and  passenger  steamboats  on 
this  line  of  'slackwater,  and  they  belong  to  the  navigation  company. 

There  was  once  a  small  subsidiary  slackwater  navigation  on  Boagb 
Creek,  built  by  a  stock  company  soon  after  the  war,  but  acoordiBg  :• 
Mr.  Baird  (see  Captain  Fitzhugh's  report),  tiie  high  tolls  charged  b^ 
the  navigation  company  compelled  the  abandonment  of  the  Rough  Cm» 
slackwater  soon  after  Green  River  was  leased  by  the  State. 

That  the  tolls  are  heav;}  can  be  seen  at  once  from  a  perusal  of  tii 
company's  charter.  They  are  based  on  the  custom-house  tonnage  of  boat* 
The  company's  passenger  boats,  the  Evansville  and  the  Bowling  Greei 
may  be  presumed  to  l>e  as  large  as  the  locks  will  pass.  Their  registem 
tonnage  is  159.6  and  183.57  tons  respectively.  The  total  tolls  on  m- 
a  boat  as  the  Bowling  Green,  on  a  trip  from  Evansville  to  Bowling  Greer 
wo^d  therefore  be  as  follows : 


• 


At  Spottsville  lock  (5U  cents  per  tou) p\''' 

At  Ramsey  look  (liC  ceotji  per  ton) ^.  *"  ' 

At  Rochester  lock  (20  cents  per  ton).... ^' 

At  Woodbury  lock  (10  cents  per  ton !•' 

At  Oreencastle  lock  (10  cents  per  ton) !?• 

Total  one  way,  $1.20  per  ton *22f'- 

Total  tolls  for  ronnd  trip,  $2.40  per  ton 440> 

III  addition  to  the  above,  the  company  is  authorized  to  coUect  atoi 
on  each  passenger,  but  the  rates  are  not  named  in  the  charter. 

A  boat  of  this  size  destined  for  Bough  Greek  would  pass  through  tk 
two  lower  locks.  Its  trip  toll  would  therefore  be  $146.85,  and  its  rouut. 
trip  toll  $203.70. 

To  appreidate  tlie  burden  bf  such  tolls,  let  us  compai-e  them  with  X\w^ 
charged  on  the  Ohio  River  for  passage  through  the  Louisville  and  Port 
land  Canal. 

The  old  tolls  were  50  cents  x)er  ton.  Against  such  charges  theoooi 
merce  of  the  river  protested  with  great  energy,  and  ultimately  succeeded 
in  getting  them  mluced  to  their  present  rate  of  6J  cents  per  ton  oi 
nndertonna(/e.  As  the  undertonnage  is  only  about  one-half  of  the  iy^ 
tom-house  tonnage,  the  actual  rate  on  the  basis  adopted  tor  Greco  Ri^er 
is  3J  c-ents  i^er  ton.  This  is  for  passing  through  two  miles  of  canal  ami 
two  locks. 

*  Omitted.     See  Senate  Ex.  Doc.  No.  116,  Forty-sixth  Con^^ress,  second  sesaion. 
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While  there  can  be  no  question  that  rates  that  would  suffice  on  the 
Ohio  would  be  too  smidl  for  the  Green,  it  is  yet  evident  that  the  differ- 
ence is  too  great,  and  that  the  Green  River  tolls  are  excessive. 

This  monopoly  of  transportation  has  naturally  provoked  enmity  and 
opposition.  Strong  appeals  have  been  made  to  the  legislature  of  Ken- 
tucky to  repeal  the  company's  charter.  In  order  that  tiie  situation  may 
be  thoroughly  understood,  I  have  attached  copies  of  these  memorials 
and  of  the  response  of  the  navigation  company.  They  appear  as  Ap- 
pendixes B  •  and  C  *. 

Both  sides  are  so  fully  represented  by  their  advocates,  that  nothing 
need  be  added  by  me. 

The  fact  that  efforts  in  the  Kentucky  legislature  to  repeal  the  lease  of 
the  Green  Eiver  locks  and  dams  failed  in  the  session  of  1877-'78  (the 
Kentucky  legislature  meetf)  biennially),  shows  that  the  present  condi- 
tion of  affairs  has  its  supporters  and  defenders.  As  long,  therefore,  as 
the  people  of  Kentucky,  who  have  the  deepest  interest  in  the  matter, 
still  throtigh  their  representatives  uphold  the  present  status,  it  does  not 
seem  to  me  that  the  United  States  is  called  upon  to  interfere.  But  inas- 
much as  the  Green  River  is  de*faeto  a  river  that  is  closed  to  general 
commerce,  I  certainly  think  that  it  has  no  claim  upon  the  general  gov- 
ernment for  an  appropriation. 

These  are  but  individual  views,  and  as  Congress  might  decide  other- 
wisc)  the  cost  of  extending  the  present  slackwater  has  been  carefully 
computed : 

To  build  on  Green  River  eight  more  maboury  locks  with  timber  dams,  thus 

adding  84i  miles  to  the  present  slackwater,  will  cost |656, 144 

If  six  of  these  dams  are  masonry  instead  of  timber,  the  cost  will  be 714, 523 

To  build  on  Big  Barren  River  two  more  masonry  locks  with  timber  dams,  add- 
ing 24  miles  to  the  present  slackwater,  will  cost 178, 661 

The  total  cost  on  both  rivers,  if  all  the  dams  are  of  timber,  will  therefore  be . .  834, 805 

Tlie  total  cost  on  both  rivers,  if  six  of  the  ten  dams  are  of  masonry,  will  be . .  8S^,  184 

For  details  reference  is  made  to  the  accompanying  report  of  Captain 
Fitzhugh,  who  made  the  survey  and  estimates. 

No  examination  was  made  of  Muddy  Biver,  as  I  received  official  infor- 
mation that  it  was  not  desired  by  the  parties  at  whose  instance  the  sur- 
vey of  the  Green  was  ordered. 

For  such  commercial  statistics  as  could  be  obtained,  reference  is  made 
to  Appendix  D. 

An  interesting  descrixitive  letter  from  General  D.  C.  Buell  is  attached 
as  Appendix  £  *. 

This  report  is  accompanied  by  two  general  maps  of  Oreen  and  Bar- 
ren rivers,  respectively,  and  by  13  detailed  maps  of  lock- sites. 

Bespectiully  submitted. 

Wm.  E.  Mebbill, 
Major  of  Engineers, 

Gen.  H.  G.  Wbight, 

Chief  of  Ungineersj  U.  S.  A. 

*  Omitted.    See  Senate  Ex.  Doo.  No.  116,  Forty-sixth  Congress^  second  session. 
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KKPORT  OF   MR.    R.    H.    KITZHUtiU,   Ai*61STANT    KNGINKEK. 

Frankfort,  Kt.,  Januarg^^^  li^. 

Sir:  I  Imve  the  honor  to  Hiibmit  the  following  n^port  upon  the  resnlts  of  the  wirT«»y 
of  the  Green  River  and  ita  tribntaries : 

ThiH  work  was  begnn  under  yonr  direction  about  the  middle  of  Septenilier  last,  and 
concluded  on  the  29th  day  of  November  following.  In  this  time  l^  milei*  of  surwv 
were  made  on  Big  Barren  River,  79^  mile^  on  Green  Rivet",  8  miles  on  Nolin  River,  aii4 
6  miles  on  Bear  Cret»k. 

These  several  lines  of  survey  followed  as  closely  as  posnible  the  banks  of  the  stre^uiN 
and  they  furnish  correct  data  concerning  the  meanderiugs  and  the  top4>gm]>hi«-ai 
characteristics  of  the  water-coui-ses  in  question. 

In  the  leveling  department  two  locks  and  dams  were  located  on  Big  Barren 
River,  tw^o  different  localities  being  examine<l  for  the  lower  lock.  On  Green  River 
eight  locks  and  dams  were  located,  and  alternate  sit-es  were  i^xamined  for  each  of  thi* 
tirst  two  locks. 

In  the  designation  of  the  proposed  new  works,  the  numbering  of  the  existing  loi'k» 
and  dams  has  been  continued.  The  existing  slackwater  extends  from  Si>ottsville,  c*t 
miles  above  the  month  of  Green  River,  to  Bowling  Green,  on  the  Big  Barren.  If 
consists  of  five  dams,  of  which  four  are  on  the  Green  and  one  t>n  its  tributary,  the  Bi^' 
Barren.  They  are  numbered  as  yon  ascend  the  river,  and  are  designated  as  J^os.  1, 2. 3, 
and  4  of  Green  River,  and  No.  X  of  Big  Barren. 

The  levels  on  Big  Barren  were  all  referred  to  the  normal  surface  of  pool  No.  1  of  Bi;: 
Barren.  On  Green  River  they  were  referred  to  the  normal  surface  of  pool  No.  4  of 
Green  River.  The  low-wat^r  surfaces  of  these  two  pools,  which  are  npi>ernio8t  on  theer 
two  rivers,  were  the  starting  points  of  the  levels  on  the  extonsions. 

In  comparing  the  results  of  the  survey  made  in  the  year  1^35  by  the  State  of  K«-d- 
tucky  with  those  just  obtained,  I  find  the  following  disagreements.  The  distance  no 
the  Big  Barren  from  Double  Springs  to  the  mouth  of  Drake's  Creek  is  12  miles  arooni- 
ing  to  the  old  survey,  and  13.8  miles  according  to  the  new.  l^e  latter  meaaurt^meut  i« 
correct,  as  was  proven  by  a  check  line  iiin  so  as  to  connect  the  termini  of  the  anrver. 
The  distance  on  Grteu  River  from  the  mouth  of  Bear  Creek  to  the  month  of  the  Uttlr 
Barren  is  77.5  miles  by  the  old  survey  and  79.25  miles  by  the  new ;  this  difference  can 
easily  be  account e<l  for  on  the  supposition  that  one  line  conformeil  more  nearly  than 
the  other  to  the  margin  of  the  river.  Having  no  means  of  determining  tlie  planes  of 
reference  used  in  the  old  work,  I  cannot  report  definitely  the  difiereuce  in  tiie  leveb 
of  the  two  surveys,  but  as  between  given  points  I  find  minor  disagreements  all  along 
the  line  of  survey,  resulting  in  a  dinerence  of  3.75  feet  in  the  rise  firom  the  month  of 
Bear  Creek  to  the  mouth  oiLittle  Barren,  a  distance  of  79^^  miles.  Having  nm  no  te«t 
levels,  I  cannot  say  that  the  recent  work  is  free  from  error.  But  as  a  negative  ai|:ii- 
ment  in  favor  of  the  late  work,  it  may  be  proper  to  state  that  I  foand  in  the  aeetioB 
embraced  between  Dam  No.  4  of  Green  River  and  the  mouth  of  Nolin  River  a  seemiiue 
error  of  6.5  feet  in  the  old  survey.  According  to  the  levels  reported  at  the  time  of 
construction,  the  existing  dam  No.  4  should  have  given  1^  feet  of  pool  water  at  tht 
mouth  of  Nolin.  In  fact,  it  does  not  reach  the  plane  of  the  low-water  surface  at 
that  point  by  5  feet.  And  yet,  as  before  indicated,  bein^  ignorant  of  the  datum  height* 
of  that  survey,  I  an  unwilling  to  pass  jnd^ent  upon  its  accuracy. 

The  work  of  selecting  anu  examining  sites  for  locks  and  dams  was  prosecnted  as 
nearly  as  practicable  in  the  manner  generally  prescribed  in  your  letter  of  instnictioitf. 

Except  in  the  case  of  the  two  dams  next  below  the  Mammoth  Cave,  the  lifts  weiv 
made  12  feet  each. 

The  locations  of  the  dams  were  determined  by  considerations  of  ample  width  and 
straightness  of  river,  depth  of  water-cushion  below  the  dam,  and  character  of  bottoiB 
and  banks.  Whenever  the  questi(m  of  tributary  navigation  was  involved,  I  endeav- 
ored to  meet  the  demands  of  the  case  by  locating  alternate  dams,  one  in  each  inataiMe 
being  below  the  mouth  of  the  stream  to  be  thus  rendered  navigable.  In  the  partica- 
lar  examination  of  each  site,  from  fonr  to  ten  transverse  sections  of  the  river  were 
taken,  100  feet  apari,  by  means  of  a  line  marked  every  25  feet  and  stretched  across  th^ 
river;  along  this  line  soundings  of  the  water  were  taken  at  each  tM  and  recorded. 
The  character  of  the  bottom  was  tested  by  means  of  a  drill  12^  feet  foug,  which  va« 
driven  to  the  rock,  or  as  deep  as  it  could  be  forced  into  the  compact  strata  below. 
Three  or  more  of  these  borings  were  made  on  each  section ;  and  in  every  case  the  oat- 
line  of  the  rock  was  determined  where  it  existed  at  all.  These  croaa-aections  vrtrr 
continued  to  a  height  of  20  or  30  feet  above  the  w^ater  surface  on  either  bank;  and  in 
cases  where  slips  had  occurre<l,  the  depth  to  the  underlying  rock  was  ascertained  a* 
accurately  as  was  practicable  under  the  circumstances. 

By  such  means  tne  site  for  dam  No.  2  on  Big  Barren  River  was  located  at  Tnder- 
wood's  Ferry,  three-fourths  of  a  mile  below  the  Bewling  Green  steamboat-landing, 
with  an  alternate  location  just  below  the  Warren  County  Iron  Bridge,  one-thinl  of  a 
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mile  above  said  lauding.     Dam  No.  3  was  lcK>ated  dOO  feet  above  the  mouth  of  Drake's 
Creek,  14|  miles  above  No.  2. 

On  Green  River,  dam  No.  5  was  located  at  Floyd's  Landiuc,  20^  miles  above  No.  4, 
with  an  alternate  location  2,000  feet  below  the  mouth  of  Bear  ureek  and  18  miles  above 
No.  4.  No.  6  was  fixed  at  a  point  1^  miles  below  the  mouth  of  Buffalo  Creek,  with  an  ■ 
alternate  location  just  below  the  mouth  of  Nolin  River,  13  miles  above  No.  5  and  3^ 
miles  below  No.  6.  Dam  No.  7  was  located  1  mile  above  Mammoth  Cave  and  11  milea 
alM)ve  No.  6.  Dam  No.  8,  at  Saunders's  Ripple,  10  miles  above  No.  7.  Dam  No.  9,  at 
Hazelip's  Bend,  9  miles  above  No.  8.  Dam  No.  10,  at  the  head  of  the  island,  three- 
quarters  of  a  mile  above  Munfordville  and  7^  miles  above  No.  9.  Dam  No.  11,  at  a 
point  600  feet  above  the  Burnt  Bridsre,  at  the  crossing  of  the  Bardstown  and  Glasffow 
Turnpike,  and  lOf  miles  above  No.  10.  Dam  No.  12,  half  a  mile  above  the  moutn  of 
Lynn  Camp  Creek. 

The  pool  created  by  the  present  dam.  No.  1,  on  Big  Barren  River,  extends  4  miles 
above  tne  Bowling  Green  Landing,  ending  at  the  apex  of  a  horseshoe  bend,  which  in- 
closes a  peninsula  10  miles  around.  Through  the  neck  of  this  peninsula  there  seems 
to  Ix'  an  underground  passage  for  a  portion  of  the  water  of  the  river.  The  issue  of  a 
co[uous  stream  of  water,  known  as  tne  Double  Spring,  immediately  above  the  Bowl- 
ing Green  Landing,  cannot  be  accounted  for  u])on  any  other  hypothesis.  This  water  is 
unlike  that  which  flows  Irom  other  springs  in  the  vicinity,  and  in  taste  and  tempera- 
ture is  almost  identical  with  that  of  the  river.  But,  beyond  this,  the  sympathetic 
fluctnatiouB  of  these  springs  with  the  water  surface  of  the  river,  aud  the  absence  of 
any  sufficient  watershed  to  supjily  such  a  flow,  afford  almost  conclusive  evidence  that 
the  source  is  a  higher  level  of  the  river  itself.  Just  above  this  issue  of  wat«r  there  is 
a  shoal  some  600  leet  in  length,  on  which  there  is  a  depth  of  but  2^  feet  in  the  dry  sea- 
son. 

There  is  a  partial  objection  on  the  part  of  the  Green  and  Barren  Navigation  Com- 
pany to  the  site  at  Underwood's  Ferry,  because  of  the  inconvenience  of  having  a 
•lock  just  below  their  Bowling  Green  landing.  To  aflbrd  an  opportunity  of  meeting 
this  objection,  and  for  the  purpose  of  submitting  to  your  consideration  a  choice  of 
sites  at  this  imiM>rtant  point,  I  made  a  careful  examination  of  the  river  and  its  bed- 
formations  at  tne  head  of  the  shoal  just  mentioned.  In  respect  to  width  and  suit- 
ability of  bluffs  no  objection  can  be  urged  against  this  locality;  but,  having  found  ho 
rock  anywhere  in  the  whole  width  of  the  river,  by  means  of  a  rod  driven  12  feet  into 
the  formation  below.  I  would  be  loath  to  select  this  as  a  point  for  the  location  of  a 
lock  and  dam;  for  tne  sufficiency  of  an  artificial  foundation  for  a  lock  can,  after  all, 
only  be  determined  by  the  practical  working  of  the  lock  itself.  Another  and  very  seri- 
ous objection  is  the  probability,  which  almost  amounts  to  a  certainty,  that  the  un- 
derground passage  through  the  peninsula  would  eo  draw  down  the  pool  under  the 
influence  of  the  iMlditionarhead  tliat  it  would  be  impossible  to  keep  it  full  in  the  dry 
seasoii.  « 

For  these  reasons  I  was  relactantly  compelled  to  select  Underwood's  Ferry  as  the 
only  available  site  for  lock  and  dam  No.  2.  At  this  location,  although  thero  is  no  con- 
tinuous rock  bottom,  the  conditions  are  otherwise  very  favorable  for  the  construction 
of  a  dam.  No  little  difficulty,  however,  must  be  enoounterod  in  the  founding  and 
erection  of  the  lock  walls,  the  bottom  of  which  will  probably  rest  upon  rock  at  a 
depth  of  14  feet  below  the  normal  surface  of  the  existing  im)o1  No.  1.  On  the  other 
side  they  will  encroach  heavily  upon  the  low  rock  bluff  constituijbing  the  left  bank  of 
the  river.  The  extent  of  these  difficulties  can  be  best  appreciated  by  roferonce  to  the 
estimates  which  accompany  this  report,  and  by  an  examination  of  the  plat  for  that 
site. 

In  the  selection  of  a  site  for  dam  No.  3  on  Big  Barren  River,  I  was  governed  solely 
by  considerations  of  the  fitness  of  physical  conditions.  At  first  view,  it  seemed  desira- 
ble to  place  the  dam  at  the  mouth  of  Drake's  Creek,  so  as  to  aflbrd  to  that  tributary 
all  attainable  navigation ;  but  having  ascertained  that  the  lift  of  water  which  would 
be  thus  occasioned  would  cause  the  overflow  of  the  bottom  lands  along  the  creek,  and 
that  it  would  aflbrd  but  a  few  miles  of  unimportant  navigation,  I  abandoned  the  idea- 
and  selected  the  site  above  the  creek.  On  this  portion  of  Barron  River  I  have  been 
unable  to  find  any  place  at  which  a  rock  bottom  extends  entirely  across  the  river,  nor, 
indeed,  could  I  find  a  place  where  it  extended  far  enough  out  to  give  room  for  a  lock 
without  cutting,  to  some  extent,  into  the  contiguous  bluff's.  How  far  it  is  judicious  to 
chamber  into  the  blufifs  rather  than  so  to  the  deeper  rock  bottoms  farther  out  in  the 
river,  is  a  question  that  can  only  be  determined  by  investigations  of  the  most  critical 
character.  For  myself,  I  would  ''rather  bear  those  ills  we  have,  than  fly  to  others 
that  we  know  not  of." 

On  this  principle  I  have  chosen  to  encroach  so  far  on  the  rocky  blufliB  as  to  permit 
the  outer  look  walls  to  rest  upon  the  rock  bottoms.  A  glance  at  the  plats  of  the  dam- 
sites  will  sliow  how  far,  in  each  case,  it  is  designed  to  cut  into  the  bluff'.  The  narrow- 
ness of  the  river  at  the  Driike's  Creek  site  is  an  objection,  but  it  could  not  be  obviated 
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1>y  i^oing  elaewhere,  except  at  the  aacrifioe  of  other  more  important  oondltloiMy  nefaai 
«traightne68  of  river  and  rock  bltiff  and  bottom. 

Beyond  the  month  of  Drake'e  Creek  the  survey  was  oontiuned  bat  one  mik,  paitlf 
beoanse  it  was  thought  more  important  to  devote  the  remainder  of  t-he  timitod  tine 
allotted  to  this  work  to  the  examinations  of  Oreen  River,  but  mainly  beeaose  rocli  i 
course  was  more  in  harmony  with  the  tenor  of  the  general  instmctions  which  vere  to 
guide  me  in  the  execution  of  this  work. 

On  Green  River  it  was  my  purpose  to  have  located  dam  No.  5  below  the  moath  of 
Bear  Creek,  so  as  to  have  given  a  maximum  amount  of  navigation  to  that  stream,  tot 
examinations  belovr  the  mouth  of  the  creek  satisfied  me  that  no  desirable  location  eodd 
be  found.  Where  the  alignment  of  the  river  was  satis£sctory,  rock  bottoms  ooqM  m 
be  found ;  and  where  rock  was  found  the  river  was  too  crooked  or  too  nairow.  MaialT 
for  these  reasons,  I  discarded  the  idea  of  trying  to  beneflt  the  navigation  of  Bear  Creei 
as  a  prime  consideration,  and,  going  above,  fixed  the  site  at  Floyd's  Landing,  not  bi 
from  the  head  of  the  pool  created  by  the  present  dam  No.  4.  This  point  is  two  miki 
above  the  mouth  of  Bear  Creek,  and  20^  miles  from  dam  No.  4.  Alter  making  t^ 
selection,  I  was  gratified  to  learn,  from  the  reports  of  1836,  that  identically  the  mat 
site  had  been  determined  upon  by  Aloiiso  Liverm<»e,  the  engineer  at  that  time  is 
charge  of  the  slaekwater  improvement  of  the  Green  and  Barren  rivera.  ExperisieBii 
made  then  led  to  the  belief  that  rock,  at  a  feet  few  below  the  gravel  bed,  stretclifd 
entirely  across  the  river.  The  result  of  my  investigations,  however,  did  not  full?  rot- 
firm  this  opinion.  I  found  rock  extending  out  about  75  feet  from  tne  right  shore,  bot 
beyond  that  I  bored  for  it  in  vain  to  a  depth  of  10  feet.  There  is  room  here  for  found- 
ing the  lo4*k  on  solid  rock  without  having  to  encroach  materially  upon  thebloif.  TW 
river  is  nearly  straif^ht,  the  bluff  on  the  right  side  is  high  and  rocky,  and  on  the  Idk 
side  the  bank  constitutes  the  termination  of  a  bottom  about  one-fourth  of  a  miU  vi^c 
and  40  feet  high.  The  depth  of  pool  No.  4  at  this  point  is  6  feet,  and  it  affords  a  goK 
cushion  from  the  overflow  of  the  prox>osed  dam. 

The  alternate  for  this  site  was  located  in  the  wide,  straight  stretch,  which,  heginniv 
at  the  month  of  Bear  Creek,  extends  for  a  distance  of  three^fonrths  of  a  mile  bebv 
Soundings  and  borings  made  here  developed  %  very  favorable  condition  of  water  de{)th. 
but  no  rock  was  discovered  any  where  on  the  bottom  or  the  banks.  The  gravel,  bovevef 
which  constitutes  the  bottom  formation,  is  hard  to  iienetrate,  being  very  compact  »d 
unyielding,  and  might  with  some  artificial  assistance  be  made  a  satisfactory  foondaticc 
for  both  lock  and  dam.  With  such  a  presentation  of  the  case  you  may  the  better  de(«« 
upon  the  expediency  of  entering  upon  the  development  of  the  resonroes  of  coal,  \m 
and  timber  on  Bear  Creek  by  the  adoption  of  this  site  for  dam  No.  5.  Dam  No.  ni* 
located  1^  miles  below  the  month  of  Buffalo  Creek  on  the  straight  atreteh  3,000  fv<r 
long.  At  the  dam-site  the  river  is  170  feet  wide,  with  a  bold,  high  roek  bluff  on  \^ 
left  side,  and  an  alluvial  bank  :W  feet  high  on  the  right  side.  Here  the  river  rests  op« 
a  rock  bottom  all  the  way  across,  with  a  depth  varying  from  0  to  6  <eet  belov  tli' 
gravel  covering.  As  in  every  case  so  far  mentioned,  the  lock  at  this  site  is  locatrd  a 
the  bluff  side.  This  is  done  primarily  because  of  the  convenience  of  the  poeitioQ  ^ 
the  rock,  but  also  because  I  am  informed  by  the  superintendent  of  the  Green  uK 
Barren  Navigation  Company,  C^apt.  John  A.  Robinson,  that  his  active  experiencr  ^< 
twenty  years  or  more  on  these  rivers  satisfied  him  that  the  current  side,  ▼hifl)  ^ 
usually  the  bhiff  side  of  the  river,  is  in  all  respects  the  best  for  the  location  oi  tb 
lock,  principally,  he  says,  on  account  of  the  advantage  derived  from  the  scouring  art^ 
of  the  water,  which  keeps  the  chutes  cleaned  out.  The  normal  depth  of  water  at  t^ 
point  is  5  feet,  which  will  be  augmented  by  4  feet  due  to  Uie  dam  below,  and  thai  v? 
will  have  a  cushion  of  9  feet. 

As  an  alternate  for  this  site,  and  in  order  to  effect  the  greatest  extent  of  navigatiKi 
4m  Nolin  River,  I  made  a  location  just  below  the  mouth  of  that  stream.  The  rim 
along  her**  is  quite  direct,  and  has  a  width  of  170  feet  at  a  very  low  rtAgf-  ^.^ 
right  side  there  rises  up  a  steep  bluff  of  rock ;  on  the  left  side  the  bank  is30feetbi|:t 
and  is  entirely  alluvial  in  its  character.  Rock  is  found  to  extend  75  faet  out  from  the 
right  shore,  thus  affording  room  for  the  founding  of  the  look- walls.  The  depth  (A 
gravel  over  the  rock  varies  itom  nothing  to  5  feet ;  the  depth  of  the  water  at  a  Itf* 
atage  is  5*feet,  making,  with  the  backwater  from  pool  No  6,  an  ultimate  cnakionof  If^ 
feet.  The  chief  objection  to  building  at  this  noint  is  the  increased  height  to  wfaiehit 
would  be  necessary  to  raise  the  dam,  being  3  ^eet  more  than  wonld  be  required  at  tae 
upper  site  to  reach  the  same  height  of  pool. 

Dam  No.  7  is  located  1  mile  above  the  Mammoth  Cave,  near  tte  um»er  end  of  a  bip 
narrow  island  about  one-half  a  mile  lon^.  Here  we  find  every  condition  necesnt^  t» 
a  perfect  site  for  a  lock  and  dam.  The  river  is  straight  and  wide,  with  a  rook  blno  •> 
either  side.  Rock  bottom  was  found  as  far  out  aq  could  be  tested  by  the  limited  laeaa^ 
necessarily  incident  to  such  a  survev ;  that  it  constitutes  the  entire  bed  olthe  nvrrti 
this  site,  I  think  is  a  most  reasonable  and  sale  inference.  The  island  is  mvtnied  froai 
the  right  bank  of  the  river  by  a  long,  perfectly  straight  chute,  about  40  feet  vid»  a< 
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low- water  mark,  and  containing  at  low  stage  a  depth  of  2  feet.  In  this  ohute  a  rock 
bottom  was  strook  after  penetrating  an  overlying  bed  of  gravel  some  6  feet  in  thiek- 
ness.  The  river  at  this  point,  inclndine  the  width  of  the  island  and  chute,  is  500  feet 
wide.  After  the  lower  pool  shall  have  been  created,  this  dam  will  have  a  water  cush- 
ion of  12  feet  across  the  channel  of  the  main  stream,  and  otherwise  will  have  an  island 
backing  gradually  rising  to  the  full  height  of  the  dam.  To  reach  this  point  dams  Nos. 
5  and  6  were  each  designed  for  lifts  oi  13^  feet,  by  which  arrangement  the  mouth  of 
the  stream  discharging  from  the  Mammoth  Cave  was  passed  at  as  low  a  level  as 
was  practicable  wiUiout  a  resort  to  expensive  dredging.  From  trial  levels  run  first 
from  the  surface  of  low-water  in  Green  River  up  to  the  mouth  of  the  cave  and  then 
down  to  the  surface  of  the  lowest  water  in  the  cave  I  find  the  rise  to  the  mouth  of  the 
cave,  and  the  descent  in  the  cave,  to  be  in  each  case  about  229  feet,  thus  showing  that 
the  river  and  the  cave  waters  are  on  the  same  level.  The  outside  work  was  tested  and 
found  to  be  correct ;  that  in  the  cave  may  he  in  error  a  few  tenths,  on  account  of  the 
difficulty  of  running  an  accurate  line  through  the  tortuous  passages,  but  the  result 
cannot  be  greatly  inaccurate,  as  was  sufficiently  tested  by  a  rapid  proof  line  run  over 
a  different  route.  A  careful  observation  of  the  effects  of  a  slight  rise  in  the  Green 
River  convinces  me  that  no  material  damage  to  any  route  in  the  cave  will  result  from 
the  slack  wat4*r  herein  contemplated. 

Dam  No.  b  is  located  at  the  head  of  Saunders's  Ripple,  and  at  the  upper  end  of  a 
small  island.  Here  the  river  is  straight  for  fully  1,000  feet  each  way,  and  it  is  gener- 
ally 200  feet  wide.  The  rock  bluff  on  the  right  side  rises  boldly  to  a  height  of  over 
200  feet;  on  the  left  the  alluvial  bank  attains  a  height  of  30  to  40  feet.  Because  of 
the  strong  current  in  the  river  at  the  time  of  this  examination,  and  on  account  of  the 
difficulties  of  boring  through  the  gravel,  I  did  not  succeed  in  penetrating  to  the  rock 
anywhere  in  the  bed  of  the  river ;  but  having  found  it  on  botn  sides  near  the  margin 
of  the  water  at  a  maximum  depth  of  7  feet  below  the  surface  of  the  overlying  gravel, 
it  is  quite  nrobable  that  it  will  be  found  within  reach  across  the  entire  width  of  the 
river.  Altnough  I  had  designed  the  lock  for  the  right  bauk,  yet  there  would  seem  to 
he  no  difficulty  here  in  locating  it  on  either  side.  The  water  cushion  for  this  dam  will 
be  7  feet. 

Dam  Ko.  9  is  located  near  the  apex  of  HaaEelip's  Bend,  at  the  head  of  a  ripple,  and 
at  the  upper  end  of  what  is  known  a6  Boat  Island.  This  point  is  favorable  for  the 
construction  of  a  dam,  because  there  is  underlying  a  covering  of  3  or  4  feet  of  gravel,  a 
continuous  rock  bottom,  admitting  of  the  founding  of  the  lock  on  either  side  of  the 
river.  Following  my  invariable  rule,  I  have  in  this  case  also  locatetl  the  lock  on 
the  bluff  side  of  the  river,  which  is  here  the  left  bank.  But  should  it  ever  be  thought 
expedient  to  allow  a  wider  channel  for  the  passage  of  the  water,  it  might  be  found 
practicable  to  push  the  lock  wall  into  the  alluvial  bank  on  the  riffht  shore,  and  still 
rest  it  upon  a  rock  foundation.  The  river  being  practically  straight,  the  direction  of 
the  current  is  favorable  to  either  location. 

Dam  No.  10  is  designed  for  a  site  three-fourths  of  a  mile  above  the  ferry  at  Mnmford- 
ville,  where  the  river  is  200  feet  wide.  As  in  the  ease  of  the  site  immediately  preced- 
ing, this  location  is  on  a  ripple  at  the  head  of  a  long  island ;  here  also  we  find  a  con- 
tinuous rock  bottom  from  1  to  5  feet  under  the  gravel.  The  rock  bluff  rises  quite  ab- 
ruptly from  the  right  shore,  and  on  the  left  shore  we  find  the  almost  invariable  sedi- 
mentanr  flat  standing  from  30  to  40  feet  above  low- water.  This  dam  is  located  near 
the  middle  of  a  straight  stretch  several  thousand  feet  in  length,  and  in  a  natural  depth 
of  water  at  lowest  stage  of  3^  feet ;  which,  being  augmented  by  the  addition  of  4i  met 
from  pool  No.  9,  gives  8  feet  of  water  on  the  lower  ude  of  the  dam.  The  lock  is  loeated 
on  the  right  bank. 

Dam  No.  11.  In  making  this  location  I  had  to  choose  between  two  points  of  about 
equal  merit,  one  being  inst  above  and  the  other  just  below  the  burnt  bridge  or  crossing 
of  the  Bardstown  and  Glasgow  Turnpike.  After  balanoinjr  natural  advantages,  I  was 
determined  in  favor  of  the  upper  site  by  considerations  effecting  the  milling  interests 
existing  at  this  point.  The  dam.  if  lo^Evted  above,  does  no  harm ;  if  below,  it  would 
cause  the  drowning  out  of  one  of  the  mills,  with  little,  if  any,  eomBensating  advan- 
tage. The  depth  of  water  here  at  lowest  stage  is  from  3  to  6  feet ;  toe  bottom  is  rock 
underlying  from  0  to  6  feet  of  gravel.  On  the  right  bank  the  moontafn  descends 
rapidly  to  the  river,  forming  almost  a  cliff  of  rock.  The  left  bank  is  of  alluvial  for- 
mation, and  not  so  high  as  usual,  being  25  feet  above  low- water.  If  dam  No.  U)  were 
in  existence  there  would  be  here  a  water  cushion  8  feet  in  depth.  The  river  oiirves 
gently  in  a  aniform  width  of  175  feet.    The  lock  is  located  on  we  right  side. 

Dsm  No.  12  is  located  at  Harlow's  Ripple,  half  a  mile  above  Lynn  Camp  Creek. 
Here  I  found  the  whole  volume  of  the  river  mnning*in  a  channel  75  feet  wide  and  1 
foot  deep.  The  dam  is  designed  to  oooapy  a  position  Just  above  tiiis  narraw  ohaonel, 
where  there  ia  a  depth  of  3  feet  of  water  in  tne  dry  est  season.  A  rock  bottom  under 
the  gravel  covering,  which  varies  in  thickness  mm  0  to  3  feet,  extends  out  from  the 
left  shore  to  a  distance  of  from  75  to  125  feet,  as  determined  by  the  trying-rod.    Under 
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a  more  Bearchinc  test.  I  am  of  the  opinion  that  the  rock  bottoms  will  be  found  to 
extend  to  a  uniform  aistance  of  125  leet  or  more,  and  that  nowhere  will  the  grarel 
covering  exceed  10  feet  in  depth. 

With  pool  No.  11  full,  there  will  be  a  depth  of  6  feet  of  water  on  the  lower  side  of 
this  dam.  At  this  point  the  river  is  full  200  feet  wide,  and  straight  for  1,000  feet  above 
and  below.  The  bluff  on  the  left  side  is  very  precipitous,  and  presents  an  almost  bare 
face  of  rock.  The  right  bank  is  the  termination  of  what  was  once  a  series  of  islands, 
now  joined  one  to  another,  and  so  extending  to  the  mainland.  This  formation  is  no^ 
where  along  the  river  margin  less  than  25  feet  above  low-water  level,  and  I  regard  it 
as  being  as  safe  an  anchorage  for  the  end  of  the  dam  as  the  averagiB  allnvial  bank  of 
the  mainland.  The  lock  Ih  located  close  in  to  the  bluff  on  the  left  side.  The  pod 
created  by  this  dam  will  add  11  feet  to  the  depth  of  the  water  at  the  month  of  Little 
Barren  at  its  lowest  stage ;  and,  according  to  the  survey  of  1835,  it  will  extend  up  the 
Green  River  to  a  point  4  miles  above  the  confluence  with  Little  Barren  and  up  tbr 
Little  Barren  for  a  distance  of  2^  miles. 

Here  the  siirv«r  was  discontinued  on  the  13th  day  of  November,  on  acconnt  of  the 
lateness  of  the  season.  But  even  had  the  season  permitted,  it  is  questionable  whethin 
it  would  have  been  judicious  to  have  much  further  extended  examinations  npon  tb? 
headwaters  of  a  stream  which  are  descending  at  the  rate  of  2  feet  per  mile-on  tbe 
main  branch,  and  3  feet  per  mile  on  its  principal  tributary,  the  Little  Barren.  In  th^ 
possible  further  prosecution  of  this  survey  at  some  future  day,  it  may  be  fonnd  advisa- 
ble to  estimate  for  slack  water  as  high  up  as  Greensburg,  the  county  seat  of  Green 
County,  which  if  situated  on  the  river  25  miles  above  the  month  of  Little  Barren;  hw 
of  this  yon  will  l>e  enabled  the  better  to  judge  after  examining  the  evidence  herein 
contained. 

The  accompanying  tables  give  the  chief  results  of  all  the  recorded  surveys  that  hsvf 
ever  been  made  on  Green  River  and  its  tributaries.  The  titles  of  the  tables  sufflcientlT 
indicate  their  contents.  Table  E  has  been  prepared  in  order  to  show  the  coet  of  usmz 
masonxy  instead  of  crib  dams  at  sites  Nos.  6, 7,  8,  9, 10,  and  11  on  Green  River.  Thes^ 
points  have  been  selected  for  stone  dams  because  of  the  presence  of  continnons  rock 
bottoms  at  available  depths.  As  a  convenient  and  safe  basis  of  calcnlations  for  thi:« 
character  of  dam,  I  have  adopted  the  rectangular  section  with  a  thickness,  in  even- 
case,  equal  to  the  lift  of  the  lock.  In  constructing,  this  section  will  admit  of  snch  p^ 
ductions  as  may  be  thought  judicious.  I  think  that  building-stone  of  a  satisfactorr 
character  may  be  found  at  no  great  distance  from  each  of  the  sites  in  qnestion.  In- 
deed, in  the  matter  of  building-materials  generally,  I  see  no  grounds  forapprehendiof 
any  difficulty.  In  this  department  no  special  investigations  were  made,  bnt  enoogl 
was  observed  in  the  variety  of  limestones  everywhere  present  to  satisfy  me  that  good 
material  for  every  description  of  stone  work  necessary  to  this  improvement  might  b^ 
readily  ha<l.  On  the  river  banks,  or  in  close  proximity  thereto,  timber  of  the  reqnisitr 
size  and  character,  may  be  found  always  convenient. 

The  character  of  dam  npon  which  the  general  estimate  has  been  made  is  a  modifii^* 
tion  of  the  ordinary  crib- work,  having  an  upper  slope  with  a  base  of  16  feet^  and  i 
lower  slope  always  reaching  to  the  surface  of  the  pool  below,  with  an  inclination  of  1 
on  4.  Thus  the  £r)tal  width  of  the  base  of  the  dam  is  from  64  to  70  feet,  according  &? 
the  lift  is  12  or  13^  feet.  These  dams  are  designed  to  be  of  round  logs  not  leas  than  1 
foot  in  diameter,  built  in  pens  8  feet  square,  and  bolted  together  with  1^-incli  rouiHi 
iron.  The  pens  are  to  be  fille<i  with  broken  stone  or  large  gravel,  and  the  whole  dam 
is  to  be  bacKed  with  sand  calculated  to  a  slope  of  1  on  3. 

The  locks  are  designed  to  be  built  of  ashlar  and  good  ranged  rubble  masonry ;  ^ 
feet  from  the  inner  faces  being  taken  as  the  average  thiekness  of  the  ashlar,  anl^  tfaf 
rest  of  the  walls  as  rubble.     As  instructed  by  yon,  I  have  estimated  for  locks  of  tbf 
same  capacity  as  those  existing  on  this  river,  and  in  full  recognition  of  the  value  of 
the  guide  of  exjierience,  I  have  veiy  freely  referred  to  the  original  manuscript  specifi- 
cations for  the  old  works  (Inckily  in  my  possession),  upon  which  locks  now  standinf 
in  all  of  their  integrity  were  constructed  nearly  forty-five  years  ago.    The  dimension.^ 
of  these  locks  are  as  follows :  Length  of  chamber  between  hollow  quoins,  160  feet : 
width  of  chamber,  36  feet ;  total  length  of  lock  walls,  214  feet ;  river  wall,  12  feet 
thick  with* vertical  faces ;  land  wall,  12  feet  at  bottom,  6  at  top  fh)m  recesses  to  ends 
of  wall,  and  4  feet  between  recesses.    I  ha^»  estimated  for  gates  and  Hxtores  similar 
to  those  at  present  used  on  this  river,  but  shall  submit  with  this  report  a  sketch  of  sl 
improved  gate,  the  device  of  Capt.  John  A.  Robinson,  the  superintendent  of  the  Green 
and  Barren  Navigation  Company.     He  assures  me  that  he  is  now  using  thim  gate  witli 
great  satisfaction. 

The  substitution  of  iron  plates  for  miter  and  heel  posts,  and  the  collar  arrangement 
by  which  the  g^te  swings,  seem  to  he  the  chief  points  of  merit.  It  strikes  me  as  being 
a  compact,  simple  construction,  of  many  excellencies,  and  much  superior  to  the  con- 
trivance which  it  replaces.  It  will  be  observed  that  timber  fbundations  have  lieeo 
calculated  for  every  lock.    In  point  of  fact,  this  item  is  in  excess  of  a  theoretical  tft>- 
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iiiatC;  for  iu  every  case  the  stoue  work  in  assumed  to  rest  upon  the  rock  bottom,  and 
the  estimate  is  made  accordingly.  Whenever  a^  timber  bottom  is  designed  to  go  in,  its 
ili'iith  might  be  taken  from  the  height  of  the  walls ;  and  yet  such  are  the  known  un- 
certainties of  preparing  foundations,  and  such  is  our  ignorance  of  what  is  under  water, 
that  the  error,  if  any,  of  this  provision  will  be  on  the  side  of  safety,  and  therefore  the 
more  admissible.  I  adopted  this  plan  of  estimating  in  order  to  provide  for  the  con- 
tingency of  having  to  go  deeper  with  the  excavations  for  the  lock  walls.  An  accom- 
panying sketch  will  help  you  to  a  clearer  apprehension  of  what  has  been  said  con- 
cerning the  dimensions  of  the  existing  form  of  lock,  which^constitutes  the  model  herein 
adopted. 

The  estimated  cost  of  the  whole  improvement,  on  the  basis  of  crib  dams,  is  ^34,805; 
if  stone  dams  are  substituted,  as  hereinbefore  indicated,  this  estimate  will  be  increased 
by  the  sum  of  $58,379,  and  will  stand  $893,184.  The  unimportant  difference  between 
the  cost  of  the  crib  and  stone  dams,  except  iu  the  case  of  the  site  at  Mammoth  Cave, 
would  certainly  suggest  a  more  careful  investigation  of  those  cases  prior  to  the  adop- 
tion of  either  plan  of  structure. 

The  water  sned  of  Green  River  embraces  about  9,600  square  miles,  and  includes  por- 
tions of  29  counties.  Practically.one-half  of  this  area  is  above  existing  slackwatcr, 
and  is  a  country  rich  in  the  excellence  and  variety  of  its  timber,  and  in  the  growth  of 
the  finer  grades  of  tobacco.  In  1834, 1835,  and  1836  the  development  of  this  country 
received  a  great  deal  of  attention.  Surveys  were  made  almost  to  the  headwaters  of 
the  various  streams  tributary  to  the  Green,  and  reports  were  made  favorable  to  slack- 
water  improvement  to  the  utmost  limit  of  practicability.  At  that  time  there  was  a 
popular  idea  that  a  connection  between  the  headwaters  of  the  Big  Barren  and  a  tribu- 
tary of  the  Cumberland  was  entirely  practicable,  and  that  it  should  by  all  means  be 
made  in  the  interest  of  internal  commerce.  This  question  was  finally  disposed  of  in 
the  following  report,  made  at  that  date  by  William  B.  Foster,  the  assistant  engineer 
in  charge  of  the  slackwater  improvement  of  the  Green  and  Barren  rivers : 

'*  The  survey  was  commenced  at  the  mouth  of  Peters  Creek  and  carried  up  the  Barren 
Kiver  to  the  junction  of  the  East  and  Long  forkp ;  thence  up  the  East  Fork  to  its 
source ;  and  thence  to  the  summit  of  the  ridge.    A  crest  line  was  then  run  from  this  point 
southwardly  to  the  Tennessee  line,  a  distance  of  about  13^  miles.    The  lowest  depres- 
Kiou  was  found  to  be  at  Glenn's  Gap,  l>etweeu  the  headwaters  of  Mill  Creek,  a  tribu- 
tary of  the  Barren,  and  Sulphur  Lick,  a  tributary  of  the  Cumberland  River.    The 
bench-mark  at  this  point  was  462.75  feet  above  the  low-water  plane  of  Barren  River 
at  Peters  Creek.     A  line  was  carried  from  this  bench-mark  down  the  valley  of  Mill 
Creek  and  connected  Tdth  the  line  along  the  East  Fork,  and  down  a  ravine  to  the 
forks  of  Sulphur  Lick  Creek ;  thence  down  this  stream  to  the  Cumberland  River. 
The  descent  to  the  l^w-water  plane  was  found  to  be  466.79  feet,  or  about  4  feet  lower 
than  the  Barren  at  Peters  Creek.    Between  Petors  Creek  and  the  junction  of  the  Long 
and  East  fdtks,  a  distance  of  30  miles,  the  river  runs  through  a  narrow  valley  which 
m^ldom  exceeds  one-fourth  of  a  mile  in  width.    Its  channel  is  generally  along  the  side 
of  the  valley  at  the  base  of  the  liill  or  rock  bluff,  but  it  frequently  changes  from  one 
side  to  the  other.    The  width  of  the  river  at  the  mouth  of  Peters  Creek  is  220  feet ; 
it  dinnnishcH  to  140  at  the  junction  of  East  and  Long  forks.     The  ascent  in  this  por- 
tion of  the  river  is  89.6  feet,  or  about  3  feet  to  the  mile.    The  height  of  the  flats  or 
bottoniH  above  low-water  surface  does  not  exceed    15  fet^t,  and  is  frequently  less. 
The^H*  bottoms  are  occasionally  overflowed  to  a  depth  of  4  or  5  feet,  and  sometimes 
more.     The  distance  from  the  mouth  of  the  Esist  Fork  to  the  mouth  of  Mill  Creek  is  16 
miles,  and  the  ascent  90.54  feet,  or  about  5.64  feet  per  mile ;  hence  along  the  valley  of 
Mill  Creek  to  it«  source,  the  distance  is  8  miles  and  4,260  feet,  and  the  rise  98  feet,  or  at 
the  rate  of  about  11.2  feet  i n  a  mile.    From  the  summit  bench-mark  down  the  river  to  the 
fork  of  Sulphur  Lick  Creek,  the  distance  is  three-fourths  of  a  mile,  and  the  descent 
302  feet,  or  at  the  rate  of  402.66  feet  i»er  mile;  thence  along  the  Sulphur  Lick  Creek  to 
the  Cumberland  River  the  distance  is  4  miles  and  1,920  feet,  and  the  descent  to  the 
low-water  plane  is  164.79  feet,  or  about  37.5  feet  in  a  mile.     The  quantity  of  water  in 
the  Barren  River  as  far  as  the  month  of  Line  Creek  appears  to  be  sufticient  to  siiptdy 
a  well-made  canal  or  a  navigation  by  slackwater  witn  well-constructed  dams.    The 
river  is  not  well  adapted  to  the  latter  kind  of  improvement,  as  it  has  a  gONod  deal  of 
dcsceut,  and  the  bottoms  are  too  low  toad^uit  of  the  erecting  of  dams  sutflcieutly  high 
to  give  the  desirable  lifts  to  the  locks.    A  canal  could  be  made  at  an  expense  of  about 
$35,000  per  mile.    A  canal  could  be  ext^^nded  up  the  East  Fork  about  14.75  miles  to  the 
mouth  of  Line  Fork.     Above  this  ]M>int  the  quantity  of  water  would  not  be  sufficient 
for  the  purposes  of  navigation.    Fi*om  the  mouth  of  Line  Creek  to  the  summit  bench- 
mark at  Glenn*s  Gap  the  distance  is  about  13  miles  and  the  ascent  313  feet. 

"From  the  summit  bench  by  the  valley  of  Sulphur  Lick  Creek  to  the  Cumberland 
Kiver,  the  distance  is  about  5.1  miles,  and  the  descent  466.#  feet.  This  part  of  the 
route  is  not  adapted  for  a  canal.  *  *  *  A  reconnaissance  was  made  of  the  ridge 
eastward  aH  far  as  the  Burksville  and  Glasgow  road  for  the  purpose  of  ascertaining 
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whether  a  depression  lower  than  Glenn's  Gap  could  he  found  hetween  theviten  of 
Skegg's  Creek  and  Marrowhone  Creek.  The  lowest  places  in  the  dividing  groand  be- 
tween these  streams  appean^d  to  he  as  high  as  or  higher  than  the  summit  at  Gkim's 
Gap. 

'*  It  appears  from  the  surveys  and  examinations  which  have  heen  made  that » 
water  c<mimunication  hetween  the  Barren  and  Cumherland  riven  is  impractirable." 

In  relation  to  the  particular  resources  of  this  ffreat  watershed,  the  largest  in  the 
State,  I  think  it  best  to  refer  to  the  testimony  of  Prof.  N.  S.  Shaler.  In  nis  spwial 
re|)ort  upon  the  Nolin  River  and  Bear  Creek  districts,  he  says : 

"  The  task  of  the  western  party  of  the  survey  for  this  year  has  heen  to  det^nniiw 
the  character  of  the  de]>OHitH  of  coal  and  iron  in  the  easternmost  part  of  the  Green  River 
coal  field. 

•**  So  far  our  efforts  have  been  richly  rewarded.  In  the  section  where  onr  work  ha? 
hitherto  lain,  in  the  territory  between  Bear  Ci'eek  and  Nolin  River,  and  for  a  certaiE 
distance  to  tlie  east  and  west  of  those  streams,  we  have  determined  the  ponitioii  aod 
character  of  sources  of  supply  for  fumaot^s  and  coal  mine«  unexcelled  by  any  in  tl^ 
State.  At  le-ast  two  veins  of  workable  coal,  of  good  quality  for  steam  purposi^.  u*! 
sufficient  thickness  for  profitable  working,  have  been  satisfactorily  determined. 

**Oneof  these  veins  is  4  fVn^t  in  thickness;  seems  to  carry  its  thickness  vell:i« 
admirably  disi>osed  for  drainage,  and  could  be  mined  as  cheap  as  any  coal  in  Krc- 
tucky.  AnalyHis  seems  to  show  that  it  will  answer  well  for  making  coke  raitablf  k 
iron  smelting. 

"  The  point  of  most  interest,  however,  is  the  rich  and  extensive  series  of  ore  W< 
which  have  rt*warded  our  search.  Not  less  than  five  different  beds  appear  at  Tarioc* 
points  in  the  heights  of  the  hills.  Of  thc^se,  one,  a  bed  of  3  to 5  feet,  or  more,  in  thiek- 
ness,  of  oolitic  ore,  contains  about  37  per  cent,  of  iron,  in  a  very  favorable  combiDaJiiw 
for  making  metal  of  good  quality.  This  bed  has  already  been  traced  over  ananri 
of  about  20  square  miles,  and  will  in  itself  furnish  ore  for  oO  furnaces  for  cent urie*io 
come.  Two  oth(T  ores  promise  good  results,  though,  owing  to  the  densely  woodf. 
condition  of  the  country,  we  have  not  been  able  to  trace  them  out  the  whole  areai* 
well  as  the  overlying  oolitic  ore. 

''  The  timl>er  in  this  section  is  of  excellent  qualitv  for  the  uses  of  the  miner  and  \n^- 
worker.    There  is  an  abundance  of  wood  suitable  lor  charcoal  and  for  the  gnp))ort^< 
mines,  &c.     Limestone,  of  excellent  quality  for  furnace  use,  is  found  at  theba^' 
the  hills,  and  st<me  suitable  for  the  masonry  of  fiumaces  can  be  had  at  every  point 

**  I  am  thoroughly  satisfied  that  this  region  is  full  of  promise,  and  that  it  only  wan? 
capital  and  energy  to  give  it  development.  With  the  revival  of  the  iron  indostr)'  frca 
the  late  panic,  a  restoration  which  seems  Just  at  hand,  I  am  confident  that  this  regifs 
will  come  to  the  knowledge  of  the  world.  *  *       •       *  * .     . 

''Here  is  a  noble  river,  with  unfailing  water-power,  and  with  4,000  square inil« e;' 
the  best  coal  and  iron  in  the  West,  a  good  soil,  noble  forests  of  mannfactaring  woods 
and  a  good  climate. 

''THE   XOLIK  RIVER  DISTRICT. 

''In  Edmondson  and  Grayson  Counties,  north  of  Green  River,  between  Nolin Bi^^ 
and  Bear  Creek,  is  an  area  of  considerable  size,  called  the  Nolin  River  district  Tb 
ores  of  this  region  are  stratified  carbonates  and  limonites,  found  near  the  base  of  iV 
coal  measures.  The  ore  of  most  value  occurs  above  the  conglomorate.  It  is  aboot* 
feet  thick,  and,  so  far  as  present  developments  indicate,  underlies  an  area  of  lar^ 
extent.  It  is  almost  wholly  undeveloped.  A  number  of  years,  since  a  small  Charcot 
fnmace  was  established  on  the  Nolin  River,  bnt  it  was  so  far  from  market,  and  tw^ 
portation  of  the  iron  was  so  expensive,  that  the  enterprise  soon  failed.  It  ran  k^ 
enough,  however,  to  establish  the  fact  that  an  excellent  iron  could  he  made  from  the» 
ores. 

"The  following  analysis,  by  Dr.  Peter  and  Mr.  Talbntt,  shows  the  quality  of  a  sa& 
pie  of  this  ore  firom  near  the  head  of  Beaver  Dam  Creek,  in  Edmondson  Coonty: 

Iron  peroxide ». ^^ 

Alnnuna ^-^ 

Manganeae f' 

liime  carbonate « - jj 

Magnesia -^ 

Phosphoric  acid -^ 

Solphuric  acid -^ 

Ailica  and  insolnble  silicates ^^ 

Combined  water *. '*'•* 

Total 1^ 

MetaUiciron 37.^ 

Phoaphoroa ^ 

Sulphur ** 
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^'lu  mldition  to  the  great  amount  of  timber  available  for  charcoal^  stone  coal  occurs 
ill  the  muue  region.  TniH  coal  is  lowest  of  the  series,  and  is  of  most  excelleut  quality, 
analysis  showing  it  to  be  far  superior  to  the  higher  coals  of  Western  Kentucky,  whicli 
are  the  ones  most  generally  mined.  The  region  is  now  mor«^  accessible  than  formerly, 
iui  it  lies  within  15  miles  of  the  Ijouisville,  Paducah,  and  Southwestern  Railroad,  but 
tlie  lack  of  transportation  facilities  directly  to  it  has  prevented  its  development. 

"  The  aggregate  amount  of  ore,  coal,  and  timber  suitable  for  charcoal  in  this  region 
is  innnense  and  offers  great  opportunities  for  development.  It  is  one  of  the  most 
richly  endowed  undevelopeil  iron  regions  of  the  State. 

<'in  many  other  localities  in  the  western  coal  tield,  iron  ores  have  been  found,  but 
they  have  not  been  thoroughly  prospected,  and  little  is  known  of  their  extent.  One 
of  the  best  known  localities  of  this  sort  is  in  Muhlenburg  County.  In  this  county  are 
found,  at  Airdrie  Funiace,  on  Green  River,  and  at  Buckner  Furnace,  near  Greenville, 
(lepositjf  of  so-called  black- band  iron  ore,  a  ferru^nous  bituminous  shale,  yielding 
alK>ut  30  i)or  cent,  of  iron.  At  Airdrie  Furnace  this  coal  rests  immediately  above  aii 
excellent  coking  coal,  and  the  two  can  be  mined  together  very  cheaply. 

**At  this  place  iron  can  be  produced  very  cheaply  c)y  bringing  ore  from  the  Cuml>er- 
land  River  region  and  using  it  in  admixture  with  the  native  ore. 

**For  a  more  detailed  description  of  this  locality,  see  reiwrt  in  second  volume,  new 
w»riefl,  Kentucky  Geoh>gical  Reports,  on  the  Airdrie  Furnace." 

TIic  mineral  wealth  of  the  Green  River  Valley  as  a  whole  can  be  best  understood  by 
a  careful  examination  of  the  follofving  tabular  statements  of  iron  and  coal.  These 
f«tat4)mentfi  are  collected  from  the  vanous  reports  of  the  State  geologist,  and  carry 
with  them  the  full  weight  of  that  high  authority. 
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In  order  to  get  the  most  reliable  infonnation  relative  to  tlie  wealth  and  productions 

»f  tlie  upper  valley  of  the  Green,  I  applied  to  Gen.  James  A.  Dawson,  of  Munford- 

illis  and  in  response  received  a  commuoication  from  which  the  following  is  extracted : 

*'The  country  within  the  inAuence  of,  and  which  will  be  benefited  by,  the  proposed 
'xtension  of  navigation  on  the  Green  and  Barren  Rivers,  embraces  the  counties  of  War- 
en,  Alien,  Barn-n,  Monroe,  Metcalf^  Green,  Adair,  and  Edmondson,  comprising  an 
iroa  of  fully  5,0()0  square  miles.  This  area  contains  a  large  part  of  the  finest  farming 
and  in  the  State.  It  is  pre-eminently  the  tobacco  belt,  in  which  is  g^own  a  larser 
juantity  of  that  staple  than  in  any  other  section  of  the  Union,  embracing  all  graues 
roin  the  finest  bright  wrapper  to  the  heaviest  shipping  leaf.  It  is  in  some  respeota  a 
Mouliar  region,  being,  as  it  were,  a  valley  on  the  summit  of  a  plateau. 

"Muldraugli*s  Hill,  a  spur  from  the  Cumberland  Mountains,  extends  to  the  Ohio 
iivrr,  near  the  mouth  of  Salt  River,  and  rises  to  the  height  of  600  feet  above  the  water 
evcl  of  the  Ohio  at  the  month  of  the  Green,  and  has  been  not  inaptly  styled  a  range 
»f  hills  with  but  one  face.  Upon  the  top  of  this  hill,  in  Hardin  and  Marion  Counties, 
itrt'tches  out  southwardly,  for  the  distance  of  more  than  1(K)  miles,  a  table  land,  on 
vbich  is  situated  the  Green  River  Valley,  including  the  counties  before  mentioned, 
lud  the  Nouthorn  declivity  being  near  the  Cumberland  River.  This  valley  contains, 
U'veloped  and  undeveloped,  the  elements  of  national  wealth  to  an  almost  incalcnablo 
iiuount. 

**  It  is  now,  though  not  half  developed,  a  very  fine  farming  country.  I  have  been  at 
Mime  pains  to  gather  data,  and,  though  the  past  year,  187§,  was  very  far  from  being 
111  average  in  the  yield  of  farm  products,  it  may  he  safely  stated  that  in  the  counties 

I  foresaid  there  were  gathered  and  fatted,  as  the  crop  for  the  year,  the  following,  in 
oiiud  numbers,  viz,  oftobaeco,  20,000,000  pounds  ;  of  hogs,  135,000  head  \  of  hay,  25,000 
oils  ;  of  com,  10,000,000  bushels;  of  wheat,  1,000,000  bushels ;  besides,  oats,  rye,  bar- 
ey,  and  i>otatoes  in  large  quantities,  and  fruits  of  all  grades  adapted  to  the  climate  in 
he  greatest  abundance.  Aliuost  tne  entire  valley  is  admirably  adapted  to  grazing 
Mirpo84's,  blue  grass  being  indigenous  to  most  of  it,  and  orchard  and  other  grasses^ 
ind  clover  growing  very  nnely  on  the  whole  tract  of  country.  At  the  present  time  the 
rield  of  cattle  is  by  no  means  inconsiderable,  and  there  is  no  section  of  the  Union 
>ett<,'r  suited  for  the  raising  of  sheep,  horses,  and  mules.  Moreover,  there  are  im- 
ueiim>  forests  of  superior  timber  and  vast  beds  of  the  best  iron  ore,  which  only  need 
he  facilities  of  cheap  transportation  to  insure  their  development.    Many  years  ago 

:liere  were  two  large  furnaces  and  a  forge  profitably  operated  in  Hart  County  and  one 

II  Kdmondson  County,  and  there  are  beds  of  the  finest  quality  of  iron  ore  in  said 
•ounties  and  in  Grayson  County  sufficient  to  supply  the  United  States  for  the  next 
•entury.  The  opening  of  arteries  of  cheap  transportation  in  other  sections  of  the 
Muintry  compelled  the  abandonment  of  tnese  manufactories  of  iron,  but  if  Green 
liiver  be  iiiacle  reliable  as  an  outlet  to  market  at  rates  as  low  as  elsewhere,  these  fur- 
laees  will  again  doubtless  be  soon  in  blast.'' 

All  account  of  Rough  Creek,  by  Mr.  A.  B.  Baird,  has  been  kindly  •ontribnted  to  this 
v^Hirt,  and  from  its  authorship,  as  well  as  the  much  valuable  information  it  contains. 
s  well  fitted  to  constitute  a  portion  of  any  general  treatise  on  the  Green  River  and 
t.s  resources.     Mr.  Baird  says : 

' '  Rough  Creek  risers  out  of*  what  is  known  n«  Big  Spring,  at  the  comer  of  the  counties 
>f  Mea<le,  Hurtliu,  and  Breckinridge ;  all  of  these  counties  corner  in  said  spring.  The 
;reek  that  issues  fn)ni  the  spring  is  soon  joined  by  other  streams  fed  by  springs,  and 
(\-ithin  a  very  few  miles  is  large  enough  to  turn  a'mill  most  of  the  year.  The  country 
irouiid  the  head  of  this  fork  (the  south  fork)  is  an  underdraiii  country  for  the  moat 
»art,  and  of  limestone  formati(ui.     From  the  mill  already  alluded  to,  as  the  creek  flows 

III  and  is  joined  by  other  tributaries,  other  mills  have  been  built.  The  largest  tribn- 
:<iry  is  Big  Clifty,  from  the  south. 

**  The  general  course  of  Rough  Crt*ek  is  west.  Aft-er  a  course  by  the  devious  wind- 
iig  of  :K)  miles  it  is  joined  by  the  Noilh  Fork,  which  is  somewhat  smaller  than  t<he 
Eolith  Fork.  The  South  fork  forms,  first,  the  dividing  line  l>etween  Breckinridge  and 
[lardin  Countless  ;  then  between  the  former  and  Grayson  County.  At  the  junction  of 
he  two  forks  the  stream  has  increased  t<»  a  width  of  100  to  *Z20  feet.  This  point,  the 
unction,  is  15  miles  above  the  Great  Falls,  the  site  of  Green's  Mill,  and  the  slack  water 
Voni  Greenes  Dam  extends  up  to  and  alnive  the  forks.  Between  the  forks  and  Green's 
Mill  it  receives  a  large  tributary.  Rock  Lick,  from  the  north.  The  water-power  at 
Jrocii's  is  as  tine  as  any  in  the  West;  grinding,  sawing,  carding,  spinning,  and  weav- 
ing are  all  done  at  this  point,  and  the  stream  is  spannetl  by  an  iron  bridge,  recently 
[constructed  by  the  counties  of  Breckinridge  and  Grayson. 

^*  After  leaving  Green's  Mill,  the  fii*st  tribntary  of  much  size  is  Pond  Run,  from  the 
uorth,  which  is  uie  dividing  line  between  Breckinridge  and  Ohio  Counties,  and  nearly 
ipposite  is  Short  Creek,  from  the  south.  This  cieek  is  only  2  miles  longj  comes  from 
the  ground  a  full-Hedged  creek,  that  runs  a  mill  most  of  the  year,  which  is  only  100  or 
2<K)  yards  from  its  sonix-c,  and  another  mill  is  on  the  same  creek,  before  its  junction 
with  Rough  Creek. 
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''Parsing  on  down  the  stream,  the  next  tribut«arie8  are  BrownV  Creek  and  Mistaken 
from  the  south  and  Rossou's  Fork  from  the  north.  Near  this  place  is  Hite'a  Fall,  a 
beautiful  perpendicular  fall  of  4  feet.  At  this  point  the  formation  changes  from  lime- 
stone to  a  mixture  of  sandstone,  and  a  few  miles  below  the  limestone  is  nearly  entirely 
wanting. 

^'  A  few  miles  below  these  falls  is  the  mouth  of  Caney,  the  largest  and  most  impor- 
tant tributary  of  Rough  Creek.  It  is  from  the  south  and  has  been  navigated  by  flat- 
boat«  and  rafts  for  more  than  20  miles.  A  short  distance  below  Caney  is  Hulf  Civek 
from  the  north,  and  3  or  4  miles  still  lower  down  it  receives  Adams*s  Fork,  the  second 
tributary  in  size  and  importance.  It  is  navigable  for  rafts  for  a  number  or  mileK 
This  tributary  is  from  the  north.  Below  this  4  or  5  miles  is  Hines's  Mill,  on  Rou^rh 
Creek,  where  there  is  a  large  custom  mill,  with  sawing  and  grinding,  and  carding,  «lr. 
This  point  is  12  miles  by  land  from  Hartford,  and  the  point  where  the  road  from  that 
place  to  Fordsville  crosses  the  creek. 

**  Descending  the  creek  we  have  from  the  north.  Hedges,  Storer,  and  Rear  Rnna,  and 
on  the  south.  Hall's  Creek,  Morrison's,  and  Mill  Run,  which  brin^  us  down  to  Hartfonl, 
the  county  seat  of  Ohio  County ;  Rough  Creek  being  wholly  m  the  county  of  Ohio 
after  passing  the  mouth  of  Brown's  Creek.  At  Hartford  there  is  a  fine  custom  mill 
for  grinding  com  and  wheat,  carding,  spinning,  weaving,  &c.,  and  the  creek  isspaniied 
by  a  bridge  of  wood,  shortly  to  be  supersede<l  by  an  iron  one. 

^'  From  this  place  to  the  intersection  of  Green  River  is  28  miles  by  the  creek,  and  it 
has  No  Creek,  Baniett's  Creek,  and  Sandy  from  the  north ;  Be  vis  Lick,  Walttm^ 
Muddy,  and  Grassy  from  the  south. 

''A  stock  company  built  a  lock  on  the  creek  8  miles  above  the  month  sliortly  after 
the  war,  that  gave  slackwater  to  Hartford,  and  numerous  steamers  ran  in  the  creetu 
making  regular  trips  and  doing  a  large  business,  and  one  that  was  profitable  alike  to 
the  steamers  and  the  shippers.  These  steamers  were  from  100  to  125  feet  long,  and 
during  thewhole  time  navigation  was  kept  up  not  one  single  accident  occurred.  Hnt 
when  Green  River  was  transferred  to  a  company  the  tolls  were  made  so  high  that  the 
boats  were  all  compelled  to  leave  the  creek. 

'*  The  steamers  having  left,  the  lock  was  not  worth  attending  to ;  was  abandoned  bj 
the  company,  and  the  work  went  down. 

''  Rough  Creek  is  as  large  at  Green's  Mill  as  at  Hartford,  and  even  above  the  falk 
to  the  forks  (15  miles)  there  is  no  perceptible  difference  in  width.  In  summer  and  fall 
as  much  water  ])a8ses  at  Gi*een's  Mill  as  at  Hartford,  as  shown  by  the  number  of  wjuaie 
inches  in  the  water  let  to  the  mills  at  these  points.  I  am  fortifte«l  in  this  statenieot 
by  the  experience  of  Joseph  P.  Hunter,  an  experienced  millwright,  who  has  rebatlt 
the  mills  at  both  the  points  contrasted. 

*'A8  to  the  probable  number  of  locks  that  would  be  required  to  slackwater  it  to  the 
falls  at  Green's  Mill,  an  approximation  is  all  that  can  now  be  stated.  A  survey  only 
can  determine  the  number  and  height  of  the  locks  and  dams.  The  instrumental  ear- 
xej  of  the  28  miles  from  Hartford  to  Green  River  showed  a  fall  of  17  feet ;  4  feet  I'f 
this  was  overcome  by  the  slackwater  from  the  river. 

^*  I  would  propose  as  the  location  of  locks  as  follows :  No.  1  at  or  near  the  site  of 
the  company's  old  lock,  8  miles  from  the  month;  No.  2  at  Hartford;  No.  3  at  Munr 
point  say  15  miles  above  Hartfonl,  by  the  stream ;  No.  4  at  Hines's  Mill ;  and  No.  5  at 
Hite's  Falls.  This  work  would  give  slackwater  to  the  Great  Falls  at  Green's  Mill.  lOS 
miles  by  the  creek  from  its  mouth. 

"The  creek  is  flanked  on  both  sides  by  a  forest,  comprising  all  the  varieties  of  oak. 
with  poplar,  black  and  white  walnut,  hickory,  gum,  cherry,  persimmon,  birch,  and 
elm,  witn  an  undergn)Wth  of  dogwood,  red-bud,  pawpaw,  and  spice  brush.  Much  of 
the  pojdar  and  oak  have  been  run  as  rafts  to  Evansville  and  other  marketa,  or  madf 
into  staves  and  carried  in  tlatboats  to  New  Orleans,  but  there  is  a  vast  and  almmt 
inexhaustible  quantity  yet  on  or  contiguous  to  the  creek.  There  are  also  many  oth^r 
kinds  of  timber  than  those  named  that  are  very  valuable,  such  as  chestnut,  mapk, 
locust,  and  catalpa.  Around  the  falls  there  are  vast  foresta  of  chestnut-oak,  which 
produces  the  finest  tanbark  known  to  tanners. 

''It  is  not  known  certainly  that  minerals  can  be  found  in  the  limestone  fonnation. 
but  near  where  this  changes  to  sandstone  lead  has  been  found,  and  considerabU 
mining  dohe  for  it:  but  irom  the  want  of  experience  and  capital  on  the  part  of  those 
engaged  in  it,  and  for  want  of  reliable  aud  cheap  transportation,  operation.H  have 
l»een  suspended.  At  other  points  on  the  creek,  between  Hiues's  Mill  and  Hartford,  lead 
has  been  found. 

"As  soon  as  the  crock  enters  the  sandstone  formation  it  is  flanked  on  each  side  by 
beds  of  bituminous  coal,  from  2  to  6  feet  thick ;  these  veins,  for  want  of  reliable  navi- 
gation, have  been  operated  onl}^  for  neighborhood  purposes.  This  coal-field  extends 
to  the  mouth  of  the  creek,  a  distance  of  80  miles  by  the  creek  In  this  section  of  the 
creek  iron  ore,  in  vast  quantities,  is  found;  at  one  place  especially,  some  eight  mile^ 
above  Hartfonl,  is  a  deposit  that  has  been  called  '  Iron  Mountain'  from  the  vast  depoMt 
of  that  ore  at  that  point.    Along  the  creek,  or  contiguous  to  it,  are  many  mineral 
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»rin;;H,  the*  most  celebrated  of  which  is  White  Salphnr^S  miles  from  Hiiics*H  Mill;  salt 
18  boeu  found  at  many  places,  and  many  wells  were  worked  in  thri  primitive  days  of 
lo  State. 

**  Au  air  line  from  the  falls  at  Green's  Mill  to  the  month  of  the  creek  is  about  45 
liles.  The  nearest  points  of  the  creek  to  the  Ohio  River  are  from  Green's  Mill  to 
lovorport,  24  miles,  and  from  Hartford  to  Owensborough,  27  miles.  Tho  distance  fironi 
reeu's  Mill  to  the  Paducah  and  Klizabcthtown  Railroad  at  Caneyvilleis  15  miles,  and 
om  Hartford  to  same  road  is  5  miles.  The  slack  watering  of  Rough  Creek  will  make 
:  a  competitor  for  the  trade  of  the  country  to  an  equidistant  point  from  it  to  the  Ohio 
i  ver  and  the  railroad,  aud  will  give  the  creek  a  monopoly  in  carrying  minerals, 
"bus  the  slackwater  of  Rough^Creek  will  have  the  trade  of  more  than  1,000  square 
liles  of  good  average  farming  land  of  this  section  of  the  State,  not  over  one-half  of 
liich  is  now  cultivated.  This  is  in  the  heart  of  the  best  tobacco  belt  in  the  State, 
nd  pro<luces  corn,  wheat,  oat«,  and  the  very  best  hay,  besides  all  of  the  smaller  sar- 
iMi  products.  I  would  mention  also  that  rough  Creek  is  considered  one  of  the  nest 
treuws  for  tish  in  the  State.  A  large  number  of  the  improved  breeds  have  been  placed 
1  it,  and  they 'are  found  to  be  prospering  finely. 

**  Rough  Creek  runs,  by  its  meanderings,  through  Ohio  County  about  80  miles,  divid- 
1^  the  county  in  ]>roi)ortion  of  three-sevenths  on  the  north  and  four-sevenths  on  the 
>uth.  The  county  is  prospering  and  increasing  in  population  as  no  other  connty  of 
lie  State  that  haA  no  large. towns  or  cities  in  it.  The  last  return  of  votes  showed  4,200. 
Ynits  of  all  kinds  tlourisn  and  do  well,  and  besides  the  large  timber  I  have  mentioned 

failed  to  mention  hoop  poles ;  they  are  abundant  and  inexhaustible,  as  the  same 
round  can  be  cut  over  every  three  or  four  years.  Horses,  cattle,  hogs,  sheep,  and 
lules  are  healthy.  Land  is  cheap  along  the  creek,  which  would,  by  the  slackwater- 
n^,  be  trebled  in  a  few  years.    Rouffh  Creek  is  the  largest  creek  in  the  world, — A.  B.  Baird." 

The  general  characters  of  Qreen  and  Barren  Rivers  differ  in  several  respects  very 
trikingly  from  those  of  the  Kentucky  River,  as  observed  in  the  course  of  the  snrvey 
•f  that  stream  in  the  autumn  of  1878.  The  Kentucky  River  contains  nothing  that 
It^serves  the  name  of  an  island,  from  its  source  to  its  month.  The  Green  and  the 
tarren  are  full  of  islands,  and  they  seem  to  increase  in  size  and  frequency  as  you  as- 
«^nd  the  streams.  The  Kentucky  River  is  mainlv  fed  by  copious  snnace  streams,  and 
uis  notably  few  large  springs  discharging  into  it.  The  Qreen  River,  especially  the 
tpper  portion  of  it,  nas  but  a  small  number  of  surface  tributaries,  while  in  great  gash- 
ug  spring  it  seems  to  excel.  These  springs  occur  almost  in  sight  of  one  another  along 
he  margin  of  the  upper  river,  and  are  or  such  capacity  as  frequently  to  be  used  for 
iinning  mills.  They  constitute  the  principal  feeders  of  the  river.  This  phenomenon 
Miggests  the  possibilitjr  of  difficulty  in  maintaining  pools,  since  it  is  not  improbable 
hat  in  some  cases  at  least  the  water  comes  by  underground  passages  from  the  river 
( bove. 
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Taiilk  D. — Etttimattd  roBt  of  the  proposed  exttMion  of  slackwater  in  the  Big  Barm  Binr, 

Kenluckjf, 


Kamber  of  lock 


Locality. 


2. 


Bowling  Greeii. 


Drake's  Creek. 


Excavation   below  water,  rock, 

cnbio  yarda 

Kxcavatton  below  water,  earth, 

ciibio  yards 

Bxcavation   above  water,  rock, 

cubic  yards 

Excavation  above  water,  earth, 

cubic  yards 

Timber  in  locks,  linear  feet 

Timber  in  locks,  foc^t,  board  raess- 

uro 

Timber  in  dams,  linear  feet 

Timber  in  dams,  feet,  board  meas- 
ure  , 

Timber  in  guide  walls,  linoar  feet 
Hasonry  in  locks,  ashlar,  cubic 

yards 

Masonry  in  locks,  nibble,  cubic 

yards 

Hasonry  in  abutments,  nibble, 

cubic  yards 

Paving,  cubic  yards 

Iron  in  locks,  wrought,  pounds. . 

Iron  in  locks,  cast,  pounds 

Iron  in  dams,  wrouffht,  pounds. . 
Iron   in   guide   walls,  wrought, 

|>ounds 

Bock  filling  in  dams,  cubic  yards. 
Bock  filling  in  guide  walls,  cubic 

yards 

Gravel  backing,  cubic  yards 
Embankments 


Clearing  banks  and  bed  of  river, 

per  pool 

Incidentals  and  contingencies 


Total  cost  at  each  site 


Totil 
eoit« 
{Kf  Bar 


7«,3i5i  im« 
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In  the  execution  of  this  work  I  was  principally  aided  by  Hugh  R.  Ayres,  B.  R.  Tur- 
ner, and  F.  M.  Pr>'or.  To  these  gentlemen,  but  especially  to  Mr.  Ayres,  my  thank»  an* 
duo  for  an  unusually  faithful  i^erforniance  of  the  several  duties  committed  to  their 
charge. 

Verj'  respectfully  submitted. 

S.   H.    FlTZIfTGH. 

Asnatamt  Emginetr. 
Col.  Wm.  E.  Merrill, 

Major f  Corps  of  Engineers,  ('.  S.  J, 


Appendix  A. 

AN  ACT  to  incorporate  tlie  Grcon  and  Barren  River  Navigation  Company. 

Whereas  the  Green  and  Barren  River  line  of  navigation  has  always  been  a  charir<* 
upon  the  Stat«,  and  is  now  largely  in  debc  and  without  prospect  of  any  better  condi- 
tion ;  and  whereas  it  is  of  great  importance  to  the  country  to  keep  sai<i  line  in  work- 
ing order  and  at  the  same  time  to  avoid  any  public  expense  if  possible,  and  believinj; 
that  object  can  be  accomplished  by  letting  it  t<o  au  incorporated  company :  Therefon*. 

£e  it  enacttd  hy  the  general  assembly  of  the  common  trealth  of  Kentucky: 

^  1.  That  J.  A.  RobiDSoUf  J.  V.  Sprowle,  W.  S.  Vanmeter,  C.  J.  Vanmetcr.  K.  B 
Seeley?  H.  C.  Murrell,  Wm.  Brown,  D.  C.  Turner,  C.  J.  Smallhonse,  and  their  asHDciatf^ 
and  successors,  be,  and  they  are  hereby,  created  a  body  corporate  with  the  name  ami 
style  of  the  Green  and  Barren  River  Navigation  Company,  and  shall  have  per{>etail 
succession  during  the  term  of  thirty  years,  and  in  that  name  may  sue  and  be  swd. 
make  contracts,  and  transact  all  their  legitimate  business  as  a  corporation ;  may  lur 
and  change  their  common  seal ;  and  make  suitable  by-lawM  for  the  regulation  of  tbr 
affairs  of  the  company  and  to  regulate  their  ehotions  to  till  offices,  vacauciei»,  and  a 
all  things  not  inconsistent  with  the  laws  of  the  laud. 

f  2.  That  the  said  Green  and  Barren  River  line  of  navigation  antl  their  tribatan<T. 
together  with  the  grounds,  houses,  water-works,  rent«,  profits,  tools,  machinery,  iD- 
plements,  and  appurtenances,  and  all  the  franchises  thereunto  belonging  or  appertain- 
ing, be,  and  the  same  are  hereby,  loaned  and  conveyed  unto  the  corporators  named  ic 
the  first  section  of  this  act,  and  to  their  associates,  successors,  executors,  hein  and  a^ 
signs,  for  and  during  the  term  of  thirty  years  from  and  after  the  time  they  get  ^os»- 
sion  thereof;  and  it  shall  be  the  duty  of  the  governor  of  this  commouwealtn  to  can* 
possession  thereof  to  be  delivere<l  unto  them  as  soon  after  the  passage  of  thlR  act  a 
they  or  any  of  them  who  may  choose  to  accept  may  give  notice  of  reatliness  to  ttcri\t 
it,  upon  their  complying  with  all  the  cpndititms  precedent  herein  provided. 

$  3.  The  business  of  tne  company  may  be  to  use  and  suffer  to  be  used  said  \\n^  <' 
navigation  for  all  purposes  of  navigation,  and  also  the  water-power,  pn>i>erty.  rights 
appurtenances,  and  all  the  franchises  thereunto  belonging,  as  they  may  direct,  not  ia- 
consistent  with  the  pur])Oses  of  said  line,  as  expressed  by  law ;  and  as  an  anxiliary  ti» 
said  business,  and  to  facilitate  commerce  and  trade,  and  to  develop  the  ie.sonrce«  of 
wealth  along  said  line,  it  may  also  be  their  business  to  open  and  work  coal  mines  ao^ 
other  mines  and  to  deal  in  the  products  thereof,  as  also  in  the  products  t>f  the  coaotn 
and  other  things  as  well  as  in  the  work  of  machinery  and  navigaticm  on  said  line.  Tbo 
may  also  lease,  buy,  sell,  hold,  and  otherwise  acquire  and  dis|K>He  of  any  real  and  per- 
sonal estate,  by  any  manner  not  pnihibited  by  law,  the  same  as  a  natural  penon,  «»i 
may  do  all  necessary  or  a<lvantageous  act-s  in  the  same  way,  in  the  transaction  of  tbeir 
bnsiness,  not  inconsist<ent  with  the  constitution  of  this  State  or  of  the  United  Statesw 

$  4.  It  shall  be  the  business  and  duty  of  said  company  to  use  due  diligence  in  kee]*- 
ing  up  said  line  of  navigation  in  good  repair,  and  to  return  it  and  all  ita  appurteoanee^ 
at  the  expiration  of  the  lease,  in  good  condition,  as  at  pn-sent,  or  unless  prevented  from 
so  doing  uy  unavoidable  causes,  and  to  hold  the  State  harmless  in  the  premises,  awl 
to  pass  and  permit  all  boats,  craft^s,  and  other  things  to  navigate  said  rivenL  Hcconlioc 
to  certain  specified  rates  herein  prescribed  as  tolls,  which  shall  inure  to  said  compsny. 

$  5.  [Organization,  &c.,  of  company]  •  *  *  and  a  prior  lien  is  hereby  retaint^l 
by  the  commonwealth  against  all  the  property,  rights,  and  franchises  of  said  rompiin\. 
as  security  to  said  commonwealth  for  the  faithful  performance  of  all  the  duties  herein 
imposed  upon  said  company ;  and  no  individual  of  said  company  shall  be  bonnd  f'^f 
Sam  company  beyond  the  interest  he  may  have  thf»reiu. 

I  6.  All  tolls  sliall  inure  to  the  company,  and  the  rate  of  toll  on  passenger  and  freight 
steamboats,  and  other  boats  carrying  freignt,  other  than  coal  or  stone,  shall  Ite  nrgnlatnl 
by  their  full  hull  or  deck  tounage,  according  to  the  custom-house  rules  as  to  the  maij- 
agement  of  tonnage:  Provided^  That  the  rate  of  toll  for  such  boats  passing  sach  lwk> 
snail  not  exceed  per  ton,  measured  as  aforesaid,  fifty  cents  at  the  first  lower  lork,  an<l 
thirty  ceuts  at  tlie  second,  and  twenty  cents  at  the  third,  and  ten  cents  each  at  tb* 
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t  wo  other  upp«r  locks,  and  samo  for  return  in  ji; ;  and  for  etich  pas^euger,  and  for  all 
irhor  boats.  bargeH,  Hkiffn,  and  other  wat<*r-craft«,  loaded  and  empty,  including  rafts 
lud  other  tniugH  paHsing  said  rivere,  thoy  may  establish  tolls  from  time  to  time  not 
^xeeoiliug  the  i)re8ent  rates  established  by  the  board  of  internal  improvement  as  ap- 
plicable to  the  Kentucky,  Green,  and  BarrtMi  River  lines  of  navigation  at  this  time. 

^  7.  [Transfers  of  intcifst,  &c.] 

^  8.  [Liabilities  for  damages.  1 

vS  1).  [St<eamboats,  rafts,  &c.,  snail  obey  com)>auy*s  rules.] 

^  10.  [Penalty  for  willful  injury  of  works.] 

6  11.  It  shall  be  the  duty  of  the  company,  or  such  of  them  as  may  choose  to  accept 
the  provisions  of  this  charter,  together  with  their  associates  whom  they  may  choose 
to  associate  with  them,  to  execute  their  bond  to  the  commonwealth  of  Kentucky,  with 
M'curity,  the  solvency  of  which  to  be  approved  by  the  governor  of  said  commonwealth, 
and  be  attested  by  him  under  the  seal  of  his  office,  which  bond  shall  be  in  duplicate, 
one  copy  to  be  retained  by  the  State  and  the  other  by  the  company.  Tlie  conditions 
iif  the  l>ond  shall  be  as  follows:  '*In  consideration  of  the  undisturbed  poasessioa  of 
the  Gn*eu  and  Barren  River  line  of  navigation  and  its  tribntaries,  together  with  its 
grounds,  houses,  water-powers,  rents,  profits,  tools,  machiner>%  implement's,  appurte- 
nances, and  all  its  franchises  thereunto  belonging  or  appertaining,  now  to  be  delivered 
t(»  us,  the  undersigned,  to  hold  for  thirty  years,  under  an  act  of  the  legislature  incor- 
porating the  (>reen  and  Barren  River  Navigation  Company ;  we  accept  the  same,  and 
as  a  company  aforesaid,  are  bound  hereby  ni  the  i^enal  sum  of  five  hundred  thousand 
dollars,  to  perform  the  duties  and  obligations  imposed  by  said  act  of  the  legislature; 
and  to  return  the  same  in  good  order,  as  set  out  in  said  act,  subject  to  the  conditions 
therein  expressed.     (Jiven  under  our  hands  and  corporate  seal  of  said  company  this 

day  of ,  IS — .**    Which  bond,  being  executed  by  the  parties  aforesaid,  and 

ap])roved  as  aforesaid,  and  attested  by  the  governor,  shall  entitle  the  company 
and  their  associates  to  all  the  rights  conferred  by  this  act :  /Vortded,  Aotrci;er,  That 
>aid  com}mny  may  associate  others  with  them  before  or  after  the  execution  of  said 
bond:  And  pronded  furtKri'y  That  the  commonwealth  shall  have  a  lien  upon  all  the 
])ro]>eTty  of  said  company  to  S4'cure  a  compliance  with  the  stipulations  of  said  bond. 

v^  hi.  This  act  to  Im»  in  force  from  its  passage. 

Approved  March  9,  181W. 


AN  ACT  to  aiiioml  ami  <'xpliiiu  an  act  entitled  "An  act  to  iiic4»ri>orat«  the  Gre4;n  aud  Bamiu  River 

Navigation  Company/'  appi-ovetl  March  9,  1868. 

Whereas  an  act  entitled  "An  act  to  incorporate  the  Green  and  Barren  River  Naviga- 
tion Company,*'  approved  March  9,  18(58,  authorizing  said  company  to  collect  certain 
toils  from  boats  and  other  things  navigating  said  rivers  according  to  the  rates  estab- 
IIsIhmI  by  the  board  of  internal  improvement,  as  then  applicable  to  the  Kentucky, 
Green,  and  Barren  River  lines  of  navigation,  and  whereas  the  rates  so  established  as 
applicable  to  the  Kentucky  River,  are  not  deeme4l  applicable  to  Green  and  Barren 
Hi  vers,  and  are  misleading;  and  whereas  complaints  have  been  made  that  said  com- 
pany have  violated  the  Hpirit  of  their  charter  by  giving  it  a  wrong  construction  to 
the  ^u'ejudice  of  the  public,  and  in  making  changes  not  contemplated  therein,  and 
that  are  not  authorized  by  law;  and  whereas  it  is  clear  that  said  company  have 
vested  rights  under  their  said  chart4.T  that  cannot  be  impaired,  but  which  may  be 
<-(>nfined  t(»  their  just  and  legitimat'C  limits:  Therefore  to  explain  and  limit  the  rights 
of  said  company  in  the  protection  of  the  public,  while  at  the  same  time  the  vested 
rights  of  the  said  comimny  must  W  ivspect<Ml,  it  is  now  enacted  by  the  general  assem- 
bly of  the  commonwealth  of  Kentucky : 

Skc.  1.  That  the  charges  herein  prescribed  and  limit-ed  maybe  charged  by  said  com- 
pany against  boats,  barges,  ami  tnings  navigating  said  line  of  navigation,  and  no 
greater  charges  theref«»r  shall  be  made. 

Se<.\  2.  That  the  rate  of  tolls  authorizc^l  by  said  act  to  be  charged  against  boats, 
a<'cording  to  the  tonnage  rule  or  principle,  shall  not  apply  to  boats  or  tilings  plying 
only  between  the  dams;  but  all  iMiats,  barges,  and  other  crafts  plying  only  between 
the  dams  on  slackwater  in  said  line  of  navigation  shall  not  be  required  to  pay  any 
ot  lier  or  gn^iter  tolls  than  such  as  wc^re  established  by  the  boanl  of  internal  improve- 
ment, and  that  were  in  force  at  the  time  of  the  passage  of  said  act,  and  that  were  ap- 
plical>le  alone  to  the  (trccn  and  Barren  River  line  of  navigation,  except  as  herein 
iiinired. 

Skc.  X  No  boat  used  exclusively  in  towing  shall  be  required  to  pay  tolls  according 
to  the  rules  of  tonnage  as  claimed  under  said  act.  Snch  boats,  in  passing  the  locks 
and  dams,  shall  only  be  recpiinMl  to  pay  two  dollars  then-ffor  at  each  lock  to  said  com- 
pany. 

^  iiYX\  4.  The  charge  of  two  dollars  lockage  claimed  under  said  act  shall  not  be  paid 
on  any  raft  of  timber  passing  said  locks  and  dams,  but  the  charges  shall  be  as  fixed 
by  the  board  of  internal  improvement,  and  it  is  as  follows:  for  rafts  fifteen  feet  wide 
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and  under,  three  oents  per  lineal  foot  at  each  lock ;  over  fifteen  feet  and  under  tweoty 
feet  wide,  five  cents  per  lineal  foot  at  each  lock;  rafts  twenty  feet  wide  and  im«ler 
thirty  feet  wide,  six  cents  per  lineal  foot  at  each  lock  ;  rafts  thirty  feet  wide  and  oudrr 
thirty- six  feet  wide,  seven  cents  per  lineal  foot  at  each  lock. 

Skc.  5.  No  flat-boat  or  barge  starting  from  above  the  iufiuence  of  slack  water  «ihall 
be  required  to  pay  any  tolls  except  for  passing  through  a  lock,  and  that  shall  not  ex- 
ceed the  rates  prescribe<l  by  law. 

Sec.  6.  No  flat-boat  or  barge  starting  within  the  influence  of  slackwater  shall  \»- 
required  to  pay  exceeding  two  dollars  lockage  and  three  cents  per  lineal  foot  of  eat  h 
boat  or  barge  at  each  lock :  and  the  two-dollar  lockage  herein  authorized  by  this  sef  • 
tion  shall  not  bo  chargeable  unhws  the  1>oat  or  barge  actually  passes  through  the  lock. 

Skc.  7.  No  flat-boat  or  barge  loaded  with  coal  or  stone  or  sawed  lumber  shall  be  n-- 
quired  to  pay  exceeding  two  dollars  lockage  and  six  cents  per  lineal  foot  for  tinch  Wu* 
or  barge  at  each  lock  ;  but  the  two  dollars  lockage  shall  not  be  chargeable  uulese^  tL*- 
boat  or  barge  actually  passes  through  the  lock. 

iSKC.  i?.  Tins  act  shall  take  ettVct  and  be  in  force  from  and  after  its  paasa^e. 

Approved  March  15,  ltf76. 


AvU  of  187t^,  pagr  513,  chapter  4:^2. 

Be  it  enacted  bif  the  general  a98emhly  of  the  oommontDealth  of  KeHtncktf : 

Sec.  1.  That  section  5  of  an  act  entitled  ^^An  act  to  amend  and  explain  an  art  f-n- 
titled  'An  act  to  incorporate  the  Qreen  and  Barren  River  Navigation  Company,  ap- 
proved March  9,  1868,'  approved  March  15,  1876,''  be  amended  by  inserting  aAer  th* 
word  barge  the  following :  ''or  rafts  of  logs  or  timber  of  any  kind." 

Sec.  2.  That  section  6  of  said  act  be  amended  by  adding  after  the  word  "  bar^^^ " 
whenever  it  occurs  in  said  section  the  following:  "or  rafts  of  logs  or  other  timber. 

Skc.  3.  This  act  shall  l»e  in  effect  from  and  after  its  passage. 

Approved  March  14, 1H78. 

Appendix  D. 

commercial  statistics. 

Gkken  akd  Barrr2^  River  Navigation*  Company, 

Bawling  Oreen,  A>.,  I)«3ember2S,  lH7l». 

The  exports  of  Green  River  will  approximate  as  below  stated,  the  estiinate  Wb:: 
taken  from  the  books  of  our  compan^ : 

Hogsheads  of  tobacco 6.  i»> 

Bushels  of  com ltW,(" 

Bushels  of  wheat ;U>,  Pii 

Head  of  hogs 6,i^" 

Head  of  cattle a,«M 

Staves 3,()ao.»ii'w 

Hoop-poles I.oOD.Oii^ 

Saw-logs •iuO,(«»' 

Lumber,  feet 2,(jOO,i»" 

Bushels  of  coal 2,0(H>.i«" 

The  period  embraced  in  statement  was  for  one  year;  the  largest  portion  of  the  trxi- 
of  Green  River  goes  to  Evansville.  Some  staves,  hoop-poles,  and  ]nm.ber  go  to  ^>^* 
Orleans.  Most  of  the  tobacco  goes  to  Louisville,  part  by  Bowline  Green  and  thi^ori 
bv  rail,  and  part  by  l>oat  via  £vansville.  The  grain  goes  to  Alabama  and  Geor^^t 
via  Bowling  Green,  and  thence  by  rail.  Considerable  coal  goes  out  of  the  river  (o 
Evansville,  but  the  larger  part  goes  to  Bowling  Green,,  and  considerable  is  shipp*'- 
from  thence  by  rail.  The  coal  of  Green  River  is  of  superior  quality,  and  the  deuiaml 
is  always  greater  than  the  supply,  and  the  supply  is  now  tenfold  more  than  Ave  yrar^ 
ago.  Witb  additional  slackwater  the  iron  and  coal  ftelds  of  Nolin  will  be  niozte  acr*".- 
sible  and  largely  increase  the  supply. 

There  are  eight  steamboats  employed  on  Green  River  at  present,  two  as  pa«e^n<;iT 
and  freight  boats,  making  two  trips  a  week,  200  miles  between  Evansville  and  fioti  I- 
ing  Green ;  the  others  arc  engaged  in  t<owing  coal,  lumber,  staves,  hoop-pole«,  Jt**..  in 
barges,  from  along  the  river  to  Bowling  Green  and  Evansville. 

Our  mineral  deposits  are  comparatively  undeveloped,  and  our  fertile  lands,  that  wW! 
pnnluce  80  and  100  bushels  of  com  to  the  acre,  are  not  half  in  cnltivation. 
I  remain,  respectfully,  yours,  Ac, 

E.  B.  Skw-ev, 
Col.  Wm.  E.  Merrill,  Thwwnrr. 

Major,  Corp%  of  EufjineerSy  U.  S,  -i. 
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liPBOVEMENT  OP  KENTUCKY  BIYBB,  KENTUCKY;  OF  BIG  SANDY 
BIVEE,  KENTUCKY  AND  WEST  VIEGINIA;  AND  OF  GUYANDOTTB 
AND  LITTLE  KANAWHA  BIYEBS,  WEST  VIBGINIA. 


epobt  of  captain  james  w.  cuyler,  corps  of  engineers,  offi- 
cer in  csarge,  for  the  fiscal  year  ending  june  30,  1880,  wits 
other  documents  relating  to  the  works, 

United  States  Engineer  Office, 

Cincinnati^  Ohio^  August  3, 1880. 

General  :  I  respectfully  forward  herewith  the  annual  reports  of  opera- 
ions  for  the  fiscal  year  ending  June  30, 1880,  for  the  several  works  of  im- 
rovement  under  my  chai^ge. 

Very  respectfully,  your  obedient  servant, 

Jas.  W.  Cuyleb, 


Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineers^  U.  8.  A. 


Captain  of  Engineers. 


Y  I. 

IMPEOVEMENT  of  KENTUCKY  BIVBK,  KENTUCKY. 

The  first  appropriation  for  this  river,  $100,000,  was  made  by  the 
ver  and  harbor  act  of  March  3, 1879,  being  based  upon  the  reiK>rt  of 
[aj.  W.  E.  Merrill,  United  States  Corps  of  Engineers,  on  the  survey  of 
16  Kentucky  Eiver,  dated  January  14, 1879.  The  first  and  prerequisite 
;ep  in  the  improvement  of  the  river  contemplated,  was  the  reconstruct 
on  of  the  five  old  dams,  built  by  the  State  of  Kentucky  in  1835  to  1840, 
1  the  lower  82  miles  of  river,  and  the  putting  in  working  order  of  their 
>rresponding  locks.  As  the  State  of  Kentucky  own^  these  works 
)d  the  adjacent  land,  and  as  its  legislature  did  not  meet  till  in  the 
inter  of  1879-'80,  no  work  could  be  done  during  the  working  season  of 
^79,  as  title  and  jurisdiction  could  not  be  passed  to  the  United  States 
y  the  necessary  legislation  till  after  the  legislature  convened.  A  satis- 
xjtory  act  of  cession  to  the  United  States  of  all  this  property  having 
?en  made  by  the  legislature  March  22,  1880,  I,  having  assumed  charge 
*  the  work  and  relieved  Maj.  W.  E.  Merrill,  was  instructed,  under  date 
:'  April  30,  to  submit  the  necessary  projects,  and  begin  operations  upon 
>proval  of  these.  As,  until  the  United  States  o\f  ned  the  works  and 
:oi>erty  that  the  State  had  owned,  the  money  appropriated  was  not 
railable  for  expenditure,  no  data  or  information  whereon  to  base 
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projects  for  actaal  operations  had  been  collected.  It  becoming  necessary 
to  secure  these  immediately,  careful  surveys  of  the  river  at  locks  and 
dams  Nos.  1,  2,  3,  and  4  were  set  about,  and,  though  delayed  much  bv 
the  continuous  high  stage  of  water  prevailing,  were  finally  made,  and 
upon  their  results  a  detailed  plan  of  operations  matured,  having  in  view 
the  complete  restoration  of  the  old  slack  water  system  as  far  up  as  Frank- 
ford,  or  the  four  lower  locks  and  dams,  covering  80  miles  of  the  river. 
Under  this  plan,  duly  approved,  and  the  estimated  cost  of  which,  as 
revised  from  the  original  estimate  of  Major  Merrill  and  based  upon  tbe 
actual  surveys,  would  exhaust  the  appropriation  of  March  3, 1879,  the 
large  amounts  of  timber,  stone,  and  iron  needed  to  reconstruct  in  toto 
dams  Nos.  1,  2,  and  3  have  been  procured,  the  necessary  boats,  plant, 
&c.,  provided,  a  large  working  force  organized  and  equipped,  and  the 
work  of  tearing  out.  and  down  these  old  dams,  found  to  be  of  very  im- 
perfect construction  originally,  and  now  become  rotten  and  useless,  with 
extensive  breaches  in  them,  in  which  a  scour  had  taken  place,  mnniDg 
from  20  to  50  feet  in  depth,  was  finally  begun  in  the  early  part  of  June, 
1880,  the  earliest  moment  practicable. 

Good  progress  has  been  made  in  this  work  of  demolition  up  to  the 
30th  of  June,  and  dams  Nos.  1  and  3  are  nearly  ready  to  bei^n  the  new 
work  on  them.  Quarters  and  kitchens  have  been  built  at  the  three 
dams  to  accommodate  the  employes,  wells  sunk,  and  the  old  lock-keep- 
ers' houses  and  out-buildings,  which  had  lapsed  into  ruins  from  loog 
neglect,  repaired  and  rendered  usable. 

Great  difficulty  has  been  experienced  in  the  practical  conduct  of  the 
work,  owing  to  the  general  scarcity  and  demand  for  labor  in  the  sor 
rounding  country,  the  total  lack  of  good  nieans  of  transportation  for 
materials  and  supplies,  lack  of  speedy  communication  between  the  sev- 
eral works,  and  the  bad  condition  of  the  river  and  the  old  works  then 
selves.  It  is  hoped  that  these  obstacles  to  good  progress  have  now 
largely  been  overcome^  and  that  the  close  of  this  working  season  wiD 
see  navigation  of  the  nver,  practically  suspended  for  the  past  six  yean. 
reinaugu  rated. 

It  is  proposed  to  apply  the  funds  available  for  the  fiscal  year  endin;: 
June  30,  1881,  $100,000,  to  repair  and  renew  lock  and  dam  No.  5,  simi 
larly  to  the  four  lower  ones,  and  to  locate  and  build  lock  No.  6,  the  tm 
of  the  new  series  of  works  for  the  extension  of  the  slackwat^er  system 
up  the  river  to  the  Three  Forks,  while  with  the  appropriation  asked  for 
the  fiscal  year  1881-'82,  the  dam,  a  permanent  one  for  lock  No-  6,  will 
be  built,  and  lock  and  dam  No.  7  also  located  and  built,  thus  extending 
the  new  slackwater  up  some  50  miles. 

The  plan  on  which  the  present  improvement  is  supposed  to  be  based 
is  that  set  forth  in  the  report  to  the  Chief  of  Engineers  of  Maj.  W.  E. 
Merrill,  of  date  January  14,  1879. 

Original  estimated  co8t  of  this  plan $1,074,402  W> 

Total  amouut  approiiriat'ed : 

First  appropriation,  March  3,  1H79;  last,  June  14,  1880 200, UW  «*• 

Total  amount  expeudeil  to  date l.f^*  '** 

The  original  estimate  is  insuliicient  to  carry  to  completion  the  present 
plan,  inasmuch  as  the  revised  estimates  for  the  work  of  repair  on  tbe 
five  old  works  foot  up  to  $135,000,  against  the  original  estimate  of 

$84,802. 

* 

Probable  additional  sum  required  therefor fSO, OOP 

Probable  amount,  exclusive  of  former  appropriations,  for  "entire  and  per- 
manent completion  of  present  plan" '. ftM,*K 
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With  the  slack  water  system  ^'an  entire  and  x>ermanent  completion" 
;an  be  secured,  a  certain  sum  being  allowed  annually  for  maintenance 
ind  repairs.  The  latter  in  this  river  may  be  considerable,  as,  owing  to 
be  large  quantities  of  massive  diift  brought  down  each  spring  with  the 
mdden  and  high  rises,  it  is  impossible  to  avoid  some;  damage  occurring 
x>  the  works.  The  five  old  locks  are  also,  in  my  opinion,  injudiciously 
ocated,  atid  are  constantly  liable  to  choke  up  in  their  approaches,  requir- 
ng  dredging  out  to  keep  up  the  navigation. 

The  present  low-water  has  disclosed  the  presence  of  large  numbers  of 
mags  and  stumps,  which  will,  require  to  be  removed  with  active  navi- 
l^atior.  resumed.  To  effect  this,  a  small  snag-boat,  worked  by  horse  or 
nan  power,  should  be  fitted  up  and  set  to  work  removing  these  obstruc- 
Dions.  1  find  that  on  the  Oreen  and  Barren  rivers,  with  an  active  navi- 
gation and  the  works  well  kept  up,  that  the  navigation  company  oper- 
iting  these  rivers  has  been  obliged  to  build  and  operate  a  similar  boat.' 
[n  the  case  of  the  Kentucky  Kiver  this  will  be  found  even  more  necessary, 
is  the  quantities  of  drift  brought  down  in  the  yearly  rises  are  much 
sweater  than  on  the  Oreen,  and  also  heavier,  while  the  course  of  the  river 
ies  in  more  abrupt  and  sharp  bends. 

For  these  snagging  operations,  therefore,  I  estimate  an  additional 
mm  outside  of  that  required  for  the  slackwater  improvement,  of  (5,000. 
Amount  that  can  be  profitably  expended  during  the  fiscal  year  188I-'82, 
k  135,000. 

Money  statement, 

luly  1,  1879,  amount  available |100,000  00 

Unount  appropriated  by  act  approved  Juae  14, 1880 100, 000  00 

$200,000  00 

Inly  1,  1880,  amount  expended  daring  fiscal  year. 1,829  09 

July  1,1880,  amount  available 198,170  91 

Imonnt  (estimated)  required  for  completion  of  existing  proiect 942, 402  00 

Vmo  un t  tnat  can  be  profitably  expended  in  fiscal  year  ending  June  :I0, 1882 .      1 35, 00  OO 


Y  a. 

[MPROVEMENT  OF  BIG  SANDY  RIVER  FROM  CATLETTSBURG,  KENTUCKY, 

TO  THE  HEAD  OF  NAVIGATION. 

The  operations  of  the  year  have  been  in  con  tin  nation  of  those  of  the 
previous  year,  to  wit,  improving  the  natural  channels  by  the  removal  of 
obstructions  in  them,  and  by  concentrating  the  water  of  low-water 
stages  into  one  channel  or  chute  over  the  bars  and  ripples,  by  means  of 
1.  system  of  low  riprap  wing-dams,  built  out  of  the  removed  rock.  The 
average  length  of  these  bars  and  ripples  is  from  100  feet  to  500  feet,  and 
the  average  depth  over  them,  obtained  by  the  improvement,  is  1  foot  in 
low- water,  an  avemge  gain  of  about  6  inches.  The  axipropriation  of 
March  3, 1879,  on  which  the  operations  were  carried  on,  was  exhausted 
[)y  December  1,  1879,  since  which  no  operations  have  been  carried  on 
beyond  caring  for  the  public  property  of  the  work. 

The  progress  made  during  the  year,  and  the  general  condition  of  the 
work  June  30, 1880,  is  as  follows : 

The  raft  navigation  has  been  improved  decidedly  for  148  miles  of  river; 
the  navigation  for  push-boats  and  light-draught  steamboats  also,  to  a 
certain  extent,  during  the  low- water  season.    The  real  obstructions  to 
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this  latter  class  of  navigation  consist  in  the  bars  and  shoals  formed  by 
the  great  quantities  of  light,  moving  sand,  which  are  continu^y  chang- 
ing in  position  and  extent.  The  present  plan  is,  therefore,  incs^ble^ 
a£Fording  a  radical  or  permanent  improvement  of  the  river,  though  if 
prosecuted  each  year  it  does  afford  a  measure  of  immediate  relief  to  the 
surrounding  country. 

To  effect  a  permanent  improvement  it  is  proposed,  this  fiscal  year,  to 
initiate  slackwater  navigation,  by  locating  Just  below  Louisa,  Ky.,  the 
point  of  confluence  of  the  two  forks,  a  lock,  and  with  the  appropriation 
for  the  year,  $50,000,  purchase  the  necessary  land,  the  stooe  and  iioo, 
prepare  the  detail  drawings  and  specifications,  and  arrange  to  begin 
the  actual  construction  with  the  moneys  next  appropriated. 

The  location  of  this  lock  is  in  accordance  with  the  text  of  the  appro^ 

ipriation  act  of  June  14, 1880,  and  with  it  constructed  a  pool  will  l^ 

formed,  extending  some  distance  up  the  Tug  and  Louisa  forks,  afford 

ing  secure  harborage  for  the  timber  and  coal  coming  down  the  foiks, 

until  it  may  be  convenient  to  run  the  same  out  to  the  Ohio  Btver. 

The  general  plan  of  this  work  of  improvement  is  that  set  forth  in 
Maj.  William  E.  Merrill's  report  to  the  Chief  of  Engineers,  of  date  Feh 
ruary  24, 1875,  and  his  annual  reports  for  1878  and  1879,  to  wit,  improvini 
the  natural  channels  for  raft  and  push-boat  navigation  in  low  stages, 
while  awaiting  a  suitable  time,  and  the  necessary  funds,  to  begin  tk 
construction  of  locks  and  permanent  dams. 

Ofigiual  estimated  cost  of  22  locks  and  dams |l,^2S,.v^ 

Original  estimated  cost  improving  natural  channels 1^ ^*^ 

l,93:.iS 

(First  appropriation  June  18,  1878 ;  last  appropriation  June  14, 1880.) 

Total  amount  appropriated 79,0^1' 

Total  amount  expended  to  date i3,963* 

• 

The  original  estimate  for  improving  the  natural  channels  has  \)^ 
found,  as  was  indicated  by  Maj.  William  E.  Merrill  at  the  time,  iu^^ 
cieut ;  more  work,  for  effecting  this  species  of  improvement,  has  bees 
found  necessary  than  was  originally  estimated  for. 

Probable  additional  sum  required  for  completion  of  projects  now  being 
worked  on $6^^'* 

Amount  exclusive  of  former  appropriations  required  for  ''entire  and  per- 
manent completion" l.STti*^ 


The  project,  so  far  as  the  locks  and  dams  are  concerned,  does 
of  a  permanent  completion,  a  certain  yearly  sum  being  required  for 
maintenance,  repairs,  &c. 

The  plan  of  improving  the  natural  channels  does  not  admit,  from  it' 
nature,  of  a  permanent  completion. 


THE  AMOUNT  THAT  CAN  PBOFITABLT  BE  EXPENDED  DURING  THE  FISCAL  TEAS 


1881-'^ 


1.  For  constructing  the  lock  and  dam  at  Louisa,  Ky.,  as  per  present  plan.. ..  $^^* 

2.  For  improving  tne  natural  channels ^'* 

66.  DA' 

The  first  item  I  consider  specially  important  to  have  provided,  in  order 
to  complete  the  lock  and  dam,  for  which  much  of  the  material  wiUbsive 
been  purchased  with  the  appropriation  for  this  fiscal  year. 

I  attach  hereto  the  report  in  detail  of  my  assistant  in  local  di^^ 
Capt.  E.  A.  Chase : 
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Money  stutement. 

hily  1,  1879,  atuoiiDt  available |ll,708  01 

imoani  appropriated  l>y  act  approved  June  14,  1880, 55,000  00 

166,708  01 

luly  1,  1880,  amount  expended  daring  fiscal  year 11,671  53 

July  I,  1880,  outfitanding  liabilitiea \ 88  33 

11,759  86 

July  1,  1880,  amount  available 54,948  15 

A.n]oniit  (estimated)  required  for  completion  of  existinff  project 1, 872, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .        66  000  00 


rkport  of  mr.  e.  a.  chase,  assistant  engineer. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  July  26,  1880. 

Captain  :  I  respectfully  submit  my  report  of  operations  on  the  improvement  of  Big 
Sandy  River,  West  Virginia  and  Kentucky,  during  the  mouths  of  August,  September, 
October,  and  November,  1879,  at  that  time  under  the  direction  of  Miyor  William  E. 
Merrill,  United  States  Cori>s  of  Engineers. 

Oiierations  were  commenced  August  25,  and  continued  until  November  20.  The 
work  was  done  entirely  by  hired  labor,  and  the  force  employed  was  divided  into  three 
parties — one  party  on  the  main  river  and  one  party  on  each  fork. 

MAIN  RIVER. 

Between  Catlettsburg,  Ky.,  and  Louisa,  Ky.,  a  distance  of  26  miles,  a  large  quan- 
tity of  solid  n)ck  was  removed  from  the  1>ends  and  bed  of  the  river;  and  all  snags, 
stiunps,  and  drift-piles  were  destroyed  and  removed  from  the  channel. 

TUG  FORK. 

On  this  fork  the  party  began  work  at  Louisa,  Ky.,  and  worked  35.5  miles  to  War- 
field,  Ky. 

The  Falls  of  Tug,  the  main  obstruction  in  this  fork,  11  miles  above  Louisa,  were  im- 
proved by  lowering  the  head  of  the  falls  1  foot,  by  widening  the  chute  from  50  to  100 
feet,  building  ripran  wing-dams  to  confine  the  wat«r  to  one  channel  in  low-water, 
nnd  by  removing  all  bowlders  and  loose  stone  from  the  l>ed  of  the  river. 

The  following  shoals,  Mull»erry,  Douathau,  Ratcliii',  Coply,  Twin,  Winding,  Smith 
or  Blankenship,  Double,  Stansberr^'^  or  Whitt,  Bull,  Turkey,  Big  Klk,  Home,  Mill, 
Jennie's  Creek,  Little,  Kirk,  Lick,  Mam)wbone,  and  Buck  Creek,  were  also  all  im- 
proved by  widening,  deepening,  and  straightening  the  chutes,  building  low  riprap 
vt'ing-dams,  and  removing  all  obstructions  from  the  channel  of  the  river. 

LOUISA  FORK. 

Ou  this  fork,  from  Louisa,  Ky.,  to  Piketon,  Kv.,  a  distance  of  86^  miles,  47  shoals 
were  improved,  as  follows:  Twist  and  Wind,  Twin  Brother  and  ('(uitrary  Shoals,  by 
bListing  and  breaking  up  the  bowlders  and  confiuiug  the  water  to  one  channel,  by 
means  of  low  wing-<lanis  built  from  the  blasted  rock. 

(Triffith's  Creek  Sand  Bar,  by  changing  the  channel  over  bar.  Fish  Trap,  Graves, 
Bumble  Bee,  Joe  Border's  Ripple,  aim  several  small  shoals  near  Lost  Creek,  Chesnut, 
J  as.  Davis,  Murray  Shoals,  Sathan  Border*s  Kipple,  and  Little  White  House  Shoals, 
Big  White  House,  Vanhouse,  Red  House,  Wild  Goose,  Wanl's  and  Greasy  Shoals,  were 
impmviHl  by  blasting  Inrge  rock,  and  removing  small  stones  and  gravel  frf>m  the 
chutes,  and  repairing  the  old  wing-dams. 

The  following  were  improved  by  constructing  riprap  wing-dams:  L.  Preston  Ripple, 
Wro.  Preston  Ripple,  Jas.  Preston  Rip])1e,  Bufi'alo  Shoals  (f  of  a  mile  long),  and  Twin 
Maple  Hlioals. 

Th»'  following  were  improved  by  removing  rock,  straightening  the  chutes,  and  mak- 
ing the  channel  wide  enough  for  the  navigation  of  push-boats,  the  «)nly  boats  with 
which  it  is  possible  to  sisceud  the  river  in  low-water:  Purgat<»ry  Ripple,  Miller's 
Creek,  Bin!  and  Preston  Shouls,  Parter  Ripple,  Anxier,  Hager,  and  Wireniairs  Shoals, 
Buy  Kipple  and  Moody  Shoals;  Abbot  Shoals  by  removing  stone  from  channel  and  cut- 
ting down  a  sunken  barge. 
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Middle  Creek  Sand  Bar  by  removing  snags  and  timber  piles,  balf  bnried  in  the  sand, 
in  onler  that  the  river  might  resume  it-s  natural  bed.  Welt,  Davidson,  Joy,  Strattony 
and  Long  Shoals  were  improved  by  blasting  and  removing  bowlders  and  large  stone 
from  the  channel.  • 

The  following  table  shows  the  season^s  work  on  the  Big  Sandy  and  its  tributaries: 


Big  Sandy . . 
Tu|r  Fork... 
Louisa  Fork 

Total. 
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26 

.35.5 
86.5 


148 
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Respectfully  submitted. 


Capt.  Ja8.  W.  Cutler, 

Carps  of  Engineers, 
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E.  A.  Chase, 
Assistant  Engi 


Y3. 


IMPROVEMENT  OF  GUYANDOTTE  RIVER,  WEST  VIRGINIA. 

The  operatious  have  been  in  general  a  continuation  of  those  of  pre- 
vious years,  viz,  improving  the  natural  channel  of  the  river  for  raft 
navigation,  by  removing  the  natural  obstructions  in  the  river,  and  the 
artificial  obstructions,  in  the  shape  of  the  remains  of  the  old  lock  at  the 
Falls  of  Guyandotte  and  the  wreck  of  an  old  mill-dam  at  Little  Uglv 
Shoals. 

Summarized,  the  operations  covered  about  20  miles  of  river,  improving 
and  rendering  easier  for  rafting  this  stretch ;  and  with  the  operationi 
of  the  previous  year  the  condition  of  the  river  may  be  said  to  have 
been  measurably  improved  for  this  kind  of  navigation  from  it6  mouth  i^ 
miles  up. 

It  is  proposed  with  the  funds  appropriated  for  the  fiscal  year  IS^O-'SI 
to  continue  present  operations,  extending  them  up  above  Logan  Court 
House,  into  Wyoming,  and  possibly  McDowell,  County,  with  the  view  of 
improving,  firstly,  the  raft  navigation  over  the  entire  river,  and  thfn,  if 
funds  are  left,  to  begin  work  at  certain  special  iK)ints  with  the  view  of 
improving  for  push-boat  navigation  by  the  construction  of  suitablechutt^ 

The  funds  asked  for  for  fiscal  year  lS8I-'82,  would  be  applied  toward 
the  continuation  and  enlargement  of  the  above  project. 

I  would  also  renew  the  recommendation  of  my  predecessor  that  the 
mill  privileges  of  the  two  private  mill-dams  on  the  river,  Roger*'  and 
Peck's,  authorized  by  State  charters,  be  purchased  outright  by  the  United 
States,  or  otherwise  the  proper  legal  steps  taken  to  cancel  the  charters. 
The  general  plan  of  this  iniprovenient  is  that  adopted  by  Maj.  William 
E.  Merrill  in  1878.  It  was  impossible  to  make  an  original  estimate  of 
cost  for  this  species  of  improvement. 

Total  amount  appropriated  to  date  (lir^t  appropriation  June  18,  187c^;  last 

appropriation  June  14,  IH-'O)  fS^W^  •* 

Total  amount  expended  to  date  >?,  tf*l  ii 
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Xo  ^^  permanent  or  entire  completion"  can  be  ma<le  under  present 
project;  the  most  that  can  be  effected,  and  all  that  it  is  necessary  to 
efifect  at  present,  is  to,  each  year,  remove  the  obstructions,  due  to  the 
previous  high-water,  and  gradually  enlarge  and  extend  the  improve- 
ment. 

AMOUNT  THAT  CAN  PROFITABLY  BE  EXPENDED  IN  FISCAL  TEAR  1881-'82. 

For  contlouiDg  improvement $2,000  00 

Purchaae  of  mill  privileges,  probably 1,500  00 

Tot*l 3,500  00 

I  attach  hereto  report  of  my  assistant,  Mr.  E.  A.  Chase. 

Money  statement. 

July  1,  1879,  amount  available $1, 148  09 

Amount  appropriated  by  act  approved  June  14,  1880 2, 000  00 

13, 148  09 

July  1,  1880,  amount  expended  during  fiscal  year 839  31 

July  1,  1880,  amount  avaUable 2,308  78 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    3, 500  00 


report  of  mr.  e.  a.  chase,  assistant  engineer. 

United  States  Engineer  Office, 

Cinoinnaiiy  Ohio^  July  26,  1880. 

Captain:  I  respectfully  submit  a  report  of  work  done  on  the  improvement  of  Gny- 
andotte  River,  West  Virginia,  during  the  months  of  November  and  December,  1879, 
and  January  and  February,  1880,  as  compiled  from  the  ofllt^e  records.  The  work  was 
done  entirely  by  hired  labor  and  was  in  charge  of  Mr.  Hugh  Toney,  under  the  direc- 
tion of  Maj.  William  E.  Merrill,  United  States  Corps  Engineers. 

The  Falls  of  Guyandotte,  31  miles  from  the  mouth  of  the  river,  were  improved  by 
cutting  down  the  old  lock  and  removing  rock,  snags,  and  stumps  from  the  channel, 
and  by  dredging  the  sand-bar  Just  below  the  falls. 

McComas  Bend,  Madison  Bend,  and  Morris  Bend  were  improved  by  blasting  and 
removing  rock  and  gravel  from  the  bed  of  the  river,  and  snags  and  fallen  trees  from 
the  low- water  channel. 

Hamilton  Shoals  and  King  Shoals  were  improved  by  deepening  the  channel  and 
removing  all  obMtrnctions  from  the  bed  of  the  river. 

At  Little  Ugly  Shoals,  49  miles  from  the  mouth  of  the  river,  the  old  mill-dam  was 
removed,  making  a  good  channel  for  push-boats  and  timber  rafts. 

The  following  is  a  summary  of  work  done  during  last  season : 

Excavation,  sand-bars cubic  yards. .       800 

Solid  rock  blasted  and  removed do 300 

Number  snags  and  roots  remove<l 2, 148 

Namber  stumps  removed 200 

Number  fallen  trees  removed 600 

Numljer  leaning  trees  cut 400 


KespoctfuUy  submitted. 


Capt.  Ja8.  W.  Cutler, 

Corps  of  Engineers, 


Assistant  Engineer, 


Y  4. 

IMPROVEMENT  OF  LITTLE  KANAWHA  RIVER,  WEST  VIRGINU. 

The  operations  have  been  in  continuation  and  enlargement  of  those  of 
ld7S-'79,  and  carried  on  with  a  view  to  render  raft  navigation  practicable 
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at  lower  nataral  stages  tban  before,  and  to  facilitate  this  navigation,  ae 
well  as  that  of  push-boats  on  the  river,  from  the  head  of  the  present 
slackwater  up  to  Bulltown,  a  distance  of  82  miles.  To  carry  out  this 
plan  the  natural  obstructions  to  navigation  have  been  removed,  timber 
chutes  provided  with  suitable  gates  built  in  private  mill-dams  to  pass 
rafts  through,  which,  otherwise,  would  be  held  iu  the  pool  above,  and  a 
system  of  low  crib  dikes  filled  in  with  stone  built  at  numerous  shoals  to 
concentrate  the  water  into  one  channel  and  regulate  its  flow.  Good 
progress  was  made  in  these  several  departments  of  work,  and  the  con- 
dition of  the  river  on  June  30,  1880,  was  better,  for  the  objects  had  id 
view,  than  ever  before ;  considerable,  though,  remains  to  be  done  to  secnre 
the  work  already  done,  and  to  obtain  its  full  utilization ;  the  means  avail 
able  were  small  for  the  length  of  river  worked  over,  and  much  of  the 
work,  esj>ecially  the  crib  dikes,  were  of  necessity  left  in  an  insecure  condi- 
tion or  not  carried  to  that  point  of  completion  that  is  required  in  order 
that  they  should  subserve  their  purpose ;  they  are  all  too  low  and  manj 
need  extension,  while  also  in  the  details  of  construction  changes  are 
called  for.  I  attach  hereto  the  report  of  Mr.  William  £.  Strong,  the 
assistant  engineer  in  charge,  which  gives  full  details. 

The  general  plan  of  this  improvement  is  based  upon  the  report  to  tk 
Chief  of  Engineers,  of  Maj.  W.  B.  Merrill,  United  States  Corps  of  En 
gineers,  dated  January  9, 1875,  proposing  the  improvement  as  above  in 
dicated,  and,  later,  the  gradual  extension  up  stream  of  the  slackwatet. 
permanent  dams  being  used. 

Original  estimated  cost,  as  per  above  report : 

1.  For  alackwater  extension t75d,# 

2.  ImprovUig  nataral  channels 7,3A 

Total 7©.7tf* 

Total  amount  appropriated 58,39' 

(First  appropriation  August  14,  1876;  last,  June  14,  1880.) 
Total  amount  expended  to  June  30,  1880 43.** 

The  estimate  of  (7,300  for  improving  the  natural  channels  has  beea 
found  insufficient,  firstly,  because  it  was  at  the  time,  necessarily,  bat « 
general  or  approximate  estimate;  and,  secondly,  because  the  systeoi 
actually  adopted  has  been  enlarged  into  one  of  greater  elaborateness 
than  was  originally  contemplated. 

Probable  aflditional  sum  required  to  perfect  work  now  done,  on  improving 
natural  channels   IIO,*^' 

Amount  exchifdve  of  former  appropriations  for  permanent  and  entire  com- 
pletion     900,(ll».' 

Amount  that  can  profitably  be  expended  daring  fiscal  year  1881  and  1882 ^.^' 

Of  this  sum,  $70,000  will  be  needed  to  construct  and  complete  theoew 
lock  and  dam  near  Burning  Springs,  the  beginning  of  the  estensioo  up 
stream  of  the  present  slackwater.  With  the  $15,000  appropriated  by 
act  of  June  14, 1880,  the  detail  drawings  for  this  lock  and  dam  will  be 
made,  the  land  needed  acquired,  and  a  large  amount  of  the  stone  for 
lock  purchased — the  sum  being,  however,  too  small  to  begin  actoal  con 
structiou  with.  It  will  be  very  important,  then,  in  1881-'82,  to  provide 
funds  needed  to  make  an  entire  completion  of  the  lock  and  dam,  so  that 
no  unfinished  work  in  either  structure  may  be  left  over  to  suffer  m^ 
table  deterioration  from  the  regular  winter  high- water  and  ice. 

The  balance  asked  for,  $10,000,  is  urgently  required  as  well,  to  finish 
the  work  already  done,  towards  improving  the  natural  river,  and  tost 
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« 

are  the  same  against  a  destruction  likely  at  many  works  to  occur  at  no 
listaut  time  unless  certain  changes  in  construction  and  extensions  are 
lade. 

Money  statement 

nly  1,1879,  amonnt  available 127,643  94 

iuouQt  appropriated  by  act  approved  Jane  14,  1880 15, 000  00 

$42, 643  94 

uly  1,  1880,  amount  expended  daring  fiscal  year 27, 643  94 

uly  1, 1880,  outstanding  liabilities 243  00 

27, 886  94 


aly  1, 1880,  amount  available 14,757  00 

mount  (estimated)  reouired  for  completion  of  existing  project 900, 000  00 

mount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882 .    80, 000  00 


report  of  mr.  wnxiabff  e.  strong,  assistant  engineer. 

United  States  Engineer  Office, 

CindnnaU,  Ohio,  July  31, 1680. 

SiK :  I  have  the  honor  to  submit  the  following  report  of  operations  for  the  improve- 

eut  of  the  Little  Kanawha  River.  West  Virginia,  daring  tne  year  1879,  at  that  time 

ider  the  instructions  of  Maj.  William  £.  Merrill. 

Work  on  this  river  beean  May  24  and  ended  November  20.    Three  working  parties, 

ch  under  the  command  of  a  superintendent,  were  organized.    Two  of  these  parties 

)rked  during  the  entire  season  from  May  24  to  November  15. 

The  field  of  operations  for  the  first  of  these  was  from  BuUtown,  130  miles  above  the 

outh  of  the  river,  to  Glenville,  104  miles  above.    That  of  the  second  was  from  Gleu- 

lle  to  the  mouth  of  West  Fork,  48  miles  above. 

Both  parties  were  engaged  in  the  work  of  removing  trees  and  undergrowth  from  the 

nks  ot  the  river,  blasting  and  removing  rock  from  the  channel  and  oanks,  plowing 

d  channeling  bars,  and  especially  in  the  construction  of  crib-dikes  and  wing-dams 

timber  and  stone. 

i  third  party  was  organized  for  the  purpose  of  operating  a  snagging-flat,  which  was 

lit  in  tne  early  part  of  the  season  at  Glenville.    Work  was  begun  by  this  party 

out  the  1st  of  August,  and  continued  until  November  20. 

riieir  operations  extended  from  Glenville,  104  miles  above  Parkersburg,  to  the  mouth 

Bull  Creek,  78  miles  above,  a  distance  of  26  miles. 

•Extreme  low- water  during  the  entire  time  the  snag^ng  partv  worked  greatly  hin- 

red  its  progress,  as  much  time  was  exj^ended  in  warping  the  boat  down  the  numer- 

i  shoals ;  indeed,  it  was  usually  necessary  to  accumulate  a  head  of  water  by  build- 

;  tem|>oraty  dams  and  take  advantage  of  the  tide  created  by  afterward  removing 

lU. 

Vhen  there  was  sufficient  water  to  handle  the  boat  its  working  was  quite  sue- 
aful.  It  is  but  Justice  to  the  interest  of  this  river  and  its  improvement  to  call 
E^ntion  to  the  fact  that  such  low-water  as  was  last  summer  and  fall  was  altogether 
>rfC'(Hlentod. 

.  Ntatement  of  the  work  done  by  the  snagging  party  will  be  found  iu  the  sum- 
ry  at  the  end  of  this  report. 

[1  planning  the  improvements  on  this  river  the  end  sought  to  be  gained  was  a  mean 
wee II  such  completeoess  on  the  one  hand  as  rt^quires  great  expense,  and  on  the  other 
li  cheap  and  temporary  construction  as  with  limited  means  would  alone  admit  of 
jg  over  the  entire  ground,  consequently  the  dikes  built  were  ou  an  average  only 
111  4  fe^^t  in  height,  out  well  and  strongly  built,  being  adapted  to  rafting  at  a  miu- 
m  stage  of  water  rather  thau  a  higher. 

s  the  range  of  floods  is  as  great  as  20  or  25  feet  above  low- water  it  is  impossible  to 
(1  the  dikes  of  such  a  height  as  not  to  render  them  liable  at  times  to  be  struck  by 
t^'cred  rafts  or  boats. 

a  work  progressed  from  above  down  stream,  and  as  the  funds  were  exhausted  before 
pletiu^  the  system,  several  of  the  points  greatly  needing  improvement  have  had 
ling  done  to  them,  and  othera  that  had  been  begun  were  left  quite  incomplete. 
in  bf  lieved,  however,  that  in  general  the  object  aimed  at  was  accomplished,  and 
i  rafting  is  now  practicable  at  a  much  lower  stage  of  water  than  ever  before,  and 
(eqiieutiy  much  more  frequently. 
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DESCRIPTION  OF  WORK  DONK. 

Blasting  and  removal  of  rock  from  channel  and  banks.  As  one  side  or  other  of  tk 
river  is  usually  a  steep  and  rocky  hill-side  greatly  promoting  the  accnmnlatioa  cf 
fragments  of  stone  in  such  places  as  to  become  obstructioDs  to  navigation,  the  abort 
class  of  work  was  required  at  such  frequent  intervals  as  to  make  speciftl  meotioQ  of 
localities  undesirable.  Wherever  practicable  the  rock  so  removed  was  used  for  filling 
the  cribs  of  dikes. 

CUTTING  AND  REMOVAL  OF  TIMBER  FROM  BANKS. 

The  greater  part  of  this  work  was  done  where  most  needed  on  the  upper  part  of  ik 
river.  From  Bnlltown  to  Slant's  Mills,  9  miles  above  Glenville,  the  work  was  yeiy 
thoroughly  done. 

Below  Glenville  much  of  this  kind  of  work  had  been  already  done.  A  consdenb* 
amount  w^as  done  during  the  season,  however,  and  with  the  result  of  a  river  prac^- 
cally  free  from  obstructions  of  this  kind. 

CONSTRUCTION  OF  CRIB  DIKES. 

Crib  dikes  were  built  at  the  following  places  above  the  mouth  of  the  rirer: 

At  Buffalo  Shoals IS 

At  Slant's  Shoal H^ 

At  Slant's  Island ll'l 

At  Slant's  or  Spicer's  Mills "4 

At  Dusk  Camp  Shoal H- 

At  Sand  Fork  Island IK 

At  Lynche's  Bar Ul 

AtFish-Pot  Shoal « 

AtMiddle-Run  Bar '^' 

At  Muscle  Shoals •* 

At  Rafferty's  Island ^ 

At  Laurel  Shoals - ^ 

At  Leaf  Bank "^ 

At  Stocking  Run f^ 

At  Anna  Maria '^' 

At  West  Fork ^' 

BRUSH,  LOG,  AND  STONE  DAMS  t 

were  built  as  follows,  above  the  mouth  of  ther river: 

At  Sycamore  Bar ^'^ 

At  Red  Oak  Bar I'J 

At  Upper  Resor  Bar ^. 

At  Middle  Rosor  Bar '; 

At  Lower  Resor  Bar ^  • 

At  Third  Run  Bar 1'*: 

The  crib  dikes  were  built  about  8  feet  wide  on  top,  vertical  on  the  river  tt«f- 
slightly  battered  on  the  back,  with  base  about  9  feet  wide;  average  height,  4 f*^ 
Cross-ties  were  inserted  at  intervals  of  about  10  feet  between  each  course,  and  the  spa^' 
filled  by  hand-packing  with  stone.  The  brush  and  stone  dams  were  less  careWO 
built,  but  were  well  tied  together,  and  are  strong  and  durable  ;  croas-danw  coanrct- 
ing  tne  main  dike  with  the  oank  were  also  built.  , 

In  nearly  every  instance  where  dams  were  built  more  or  less  channeling  « ^"' 
contiguous  bars  was  done.    When  this  was  omitted  they  were  plowed  and  gnihbw. 

CHUTES  IN  MILL  DAMS 

were  built  at  the  following  places,  above  the  mouth  of  the  river :  _^ 

AtCutlips  -^'^ 


At  Spicer's 


114 


At  Glenville'.""/ .V".V.V/™.'.V-V™  .Ml. .... '"".  '1^.  '*'""'" ^* 
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These  chutes  were  bnilt  of  timber  cribs  filled  with  stone,  and  covered  with  6-inoh 
iheeting  of  oak.  The  dams  in  which  they  were  built  were  from  1  foot  to  18  inches 
ligber  than  the  laws  of  West  Virginia  allow.  The  chutes  were  kept  inside  of  legal 
iuiits  in  this  respect,  and  the  difierence  in  height  from  the  remainder  of  the  dam 
nade  up  by  a  movable  gate.  That  at  Glenville  was  made  to  act  automatically  by 
grater  pressure  and  count<er-balances,  for  a  minute  description  of  which  I  beg  to  refer 
(Tou  to  my  monthly  report  for  the  month  of  November.  T^e  chutes  are  35  feet,  38 
feet,  and  40  feet  wide  respectively;  slope,  about  1.20. 

SUMMARY  OF  WORK  DONB  ON  LITTLE  KANAWHA  RIVBR  DURING  THE  TEAR  1879. 

Trees  cut 5,411 

["rees  deadened 5,107 

Saplings  out -• 16,860 

^uags  cut  by  construction  parties 9,291 

$na^s  removed  by  snagging  party 2,634 

yubic  feet  in  snags  removM  dv  snagging  party 90,411 

Pons'  weight  in  snags  removed  by  snagging  party 2,b96 

Toot  linear  crib  dams 11,133 

^oot  linear  brush  dams 3,712 

Ilubic  feet  timber  in  dams 91,322 

•dumber  pounds  iron  in  dams *   998 

>nbio  yards  stone  in  dams 15,863 

!^ubic  feet  timber  in  chutes 16,613 

?ounds  iron  in  chutes 5,667 

!:!nbic  yards  stone  in  chutes 1,134 

:^ubic  yards  stone  removed 2,834 

^ubic  yards  gravel  removed 10.400 


Respectfully  submitted. 

Tour  obedient  servant, 


Capt.  Ja8.  W.  Cuylbr. 


William  £.  Strong^ 

A$9i9tant  Engineer, 
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IMPttOYEMENT  OF    WABASH    BIVEB,  INDIANA    AND    ILLINOIS,  AND  OF 

WHITE  BIYEB,  INDIANA. 


bepobt  of  major  jjsed  a.  smith,  corps  of  engineers,  officer 
in  charoe,  for  the  fiscal  year  ending  june  30,  1880,  with 
other  documents  relating  to  the  works. 

United  States  Engineeb  Office, 

Indianapolis^  Ind.j  July  17, 1880. 

Geitebal  :  Herewith  I  forward  reports  of  operations  on  the  river  and 
harbor  improvements  in  my  charge  for  the  year  ending  Jane  30, 1880. 
Very  respectfaUy,  your  obedient  servant, 

JABED  A.  Smith, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Weight, 

Chief  of  EngineerSy  U.  S.  A. 


Z  I. 

IMPBOVEMENT  OF  WABASH  BIVEB,  INDIANA. 

At  the  beginning  of  the  year  a  contract  was  outstanding  for  building 
two  snag-boats  for  the  sum  of  $10,510.  In  order  to  commence  the  con- 
struction as  early  as  possible  the  contract  had  been  let  before  designs 
for  the  cabins  were  completed ;  these  were  subsequently  supplied,  and 
the  boats  were  entirely  finished  and  accepted  August  31.  The  entire 
expense  of  designing,  constructing,  and  fitting  the  boats  with  all  appli- 
ances, ready  for  work,  including  all  contingencies,  was  $7,000  each. 

In  constructing  the  two  boats,  it  had  been  with  the  purpose  of  oper- 
ating one  of  them  between  Terre  Haute  and  the  old  dam  near  Mount 
Carmel,  while  the  other  was  to  be  employed  removing  snags  and  attend- 
ing to  other  work  below  the  last-named  place. 

As  there  was  a  great  necessity  for  other  work  besides  the  removal  of 
snags,  and  a  boat  being  needed  for  a  similar  purpose  in  the  White  Eiver, 
authority  \vas  obtained  to  transfer  one  of  the  boats  to  that  river,  the 
cost  being  paid  from  the  appropriation  for  its  improvement. 

EEMOVAL  OF  SNAGS. 

The  snag-boat  for  the  Wabash  Biver  was  employed,  i¥om  its  com- 
pletion, until  December  4,  since  which  time  no  results  have  been  accom- 
plished, owing  to  winter  weather  and  high-water,  the  latter  having  pre- 

1837 
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vailed  to  a  most  unprecedented  extent  during  the  autumn,  winter,  aad 
spring. 

One  hundred  and  thirty -six  snags  were  removed  from  the  river  chan- 
nel, most  of  them  sawed  in  pieces,  and  all  of  them  deposited  in  slonghg 
or  such  other  places  as  seemed  to  give  the  least  opportunity  for  their 
return  to  the  channel. 

The  largest  snag  removed  was  computed  to  weigh  somewhat  more 
than  30  tons  and  had  been  a  terror  to  navigators  for  many  years,  being 
known  as  the  ^' white  horse." 

In  addition  to  this  work  the  boat  did  some  excellent  service  as  a  tow- 
boat,  for  which-it  is  well  adapted. 

DESCRIPTION  OF  SNAG-BOATS. 

As  the  boats  are  of  an  inexpensive  class,  and  are  found  admirablT 
adapted  to  the  service,  besides  being  useful  for  various  other  purposes, 
drawings  showing  all  the  general  features  have  been  prepared,  and  art 
forwarded  on  a  single  sheet  to  accompany  this  report. 

The  hulls  were  built  of  pine,  and  are  120  feet  long,  24  feet  wide,  and 
4  feet  6  inches  depth  of  gunwale.  They  have  two  longitudinal  and 
three  cross  bulkheads  for  the  double  purpose  of  stiffening  the  boats  attd 
of  preventing  their  sinking  when  punctured  by  snags.  The  boat  whicL 
was  sent  to  the  White  Biver  has  already  been  saved  from  sinking  bj 
this  device. 

Their  draught  of  water  when  fully  coaled  is  22  inches,  and  ordinan 
speed  8^  miles  per  hour.  A  power  capstan  is  driven  by  engines  having- 
cylindei-s  6  inches  bore  and  12  inches  stroke,  so  geared  as  to  give  27  to^l^ 
of  main  shaft,  if  desired,  to  one  of  capstan.  The  power  may  be  $£ 
further  multiplied  by  the  blocks  and  falls  which  depend  from  heavj 
sheers  on  the  bow. 

The  two  boilers  are  each  22  feet  long,  36  inches  in  diameter,  and  an 
ample  to  furnish  steam  for  both  propelling  and  hoisting  engines.  Tbt 
cabins  are  plain,  and  sufficient  to  accommodate  only  the  working  crev. 
These  boats  are  not  expensive  to  work;  are  easily  handled;  can  ranii: 
very  little  water,  so  that  their  service  is  available  when  most  needed;  and 
although  in  some  small  points  they  might  be  moiiified  to  advsuitage,  a> 
a  whole,  it  is  believed,  their  cost  could  hardly  have  been  placed  vitit 
better  effect. 

During  the  spring  of  1880  the  boats  were  strengthened  by  a  bettrf 
system  of  hog-chains,  a  longitudinal  oak  planking  of  the  bottoms,  and  j 
plating  of  iron.  These  modifications  are  shown  in  the  drawings.  Other 
parts  of  the  boats  and  macliinery  have  also  been  put  in  better  conditioi 
by  the  crew  employed. 

The  original  workmanship  by  contract  was  far  from  satisfactory,  al 
though  every  pains  was  taken  to  have  an  inspector,  believed  to  be  com 
potent  and  faithful,  constantly  present,  and  the  boats,  when  finisbtiL 
presented  a  good  appearance.  Yet  several  important  repairs  and  alter 
ations  were  required  before  any  work  could  be  prudently  done.  My 
experience  and  judgment  is  that  it  is  generally  quite  impossible  tooh^ 
tain  iirst-class  work  by  contract  when  tifie  price  to  be  paid  is  low. 

DAM  ACROSS  NEW  HABMONT  CUT-OFF. 

The  work  in  progress  at  the  close  of  the  last  fiscal  year  was  finifib^ 
September  30,  1879. 

A  drawing  of  the  work  as  completed  is  shown  in  Plate  1  acoompivy 
ing  report  for  fiscal  year  ending  June  30, 1879. 
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The  work  in  July,  Aufirust',  and  September  conHisted  of  remodeling 
iie  top  of  the  old  work,  filling  it  with  stone,  and  covering  it  with  3-inch' 
iue  plauk. 

Two  additional  cribs  were  built,  20  feet  square  and  15  feet  deep,  and 
lied  with  stone.  Ten  other  cribs  were  completed  to  catch  the  drift 
bove  the  dam. 

The  following  are  the  principal  details  of  the  work : 

ViOo  linear  f«*et  of  logs  framed  into  cribs. 
^632  cubic  yards  of  stone  obtained  and  placed  in  cribs. 
\,f«\  pounds  of  drift  bolts  made  and  driven. 
s.VK)  pounds  iron  spikes  driven. 

,5()0  feet,  board  measure,  of  3-iiich  plank  fitted  and  spiked  to  top  of  dam. 
.,5008c]uare  yards  of  stone  paving  to  prevent  sconr  of  earth  embankment. 
,028  cubic  yards  of  earth  and  sbale  placed  in  embankment. 
23  oak  piles  driven. 

BANK  PROTECTIONS  NEAR  GEAYVILLB,  ILLINOIS. 

The  work  in  progress  June  30, 1879,  was  completed  in  September  and 
*ft  in  a  condition  which  is  believed  to  be  permanent. 

The  plan  of  the  work  is  shown  on  Plate  No.  4,  accompanying  the  last 
Quual  report.  It  now  consists  of  a  double  row  of  piles  about  5  feet 
part,  in  each  row  the  space  being  lille<l  with  loose  brush,  the  tops  gen- 
ially passing  several  feet  outside  the  outer  row,  and  being  held  down 
y  layers  of  stone.  To  prevent  the  piles  being  wrenched  from  place  by 
pifb  or  other  means,  they  are  cut  off  at  a  height  not  exceeding  4  feet 
i)ove  extreme  low-water. 

The  work  of  the  season  consisted  in  cutting  and  hauling  to  the  work 
30  piles  30  feet  long,  and  driving  the  same  an  average  depth  of  15  feet ; 
:raightening  up  and  redriving  about  the  same  number  of  old  piles ; 
itting  and  placing  in  work  776  cords  of  brush ;  quarrying  and  trans- 
3rtiug  by  barges  to  the  work  1,428  cubic  yards  of  stone ;  sawing  off 
le  top6  of  1,875  hard- wood  piles ;  planting  the  sides  of  levee  and  bank 
ith  willows. 

GRAND  CHAIN. 

A  small  party  was  placed  ui)on  this  work  August  12,  and  continued 

itil  the  end  of  October,  when  operations  were  suspended  owing  to 

gh-water. 

Work  was  confined  to  the  last  dike,  that  being  considered  the  most 

i]>ortant. 

Two  hundred  and  fifty  linear  feet  of  the  dike  was  raised  to  grade  and 

kved.    The  work  included  placing  in  the  dike  1,027  cubic  yards  of 

one,  151  cubic  yards  of  paving  stone  being  purchased  and  transported 

r  'barges  to  the  dike. 

BANK  PROTECTIONS. 

To  protect  the  bank  from  cutting  and  injuring  the  channel  near  the 
nding  at  New  Harmony,  91  hard- wood  piles  were  driven  a  depth  of  15 
L^t.  The  piles  were  furnished  and  other  necessary  work  was  done  by 
e  citizens  of  the  place. 

At  Hodges'  Landing,  4  miles  below  Kew  Harmony,  a  small  island  or 
;owhead  "  throws  the  current  against  the  bank,  widening  the  channel 
lere  a  bar  already  existed.  The  foot  of  the  bank  was  therefore  pro- 
3ted  by  a  single  row  of  piles  5  feet  apart,  extending  300  feet.  The 
les  were  30  feet  long,  driven  15  feet,  and  cut  off  in  the  same  manner 
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as  at  other  works  already  mentioned ;  78  cubic  yards  of  stone  wen 
placed  on  the  brash. 

DAM  ACROSS  CUT-OFF  AT  LITTLE  CHAIN. 

Pursuant  to  the  plan  discussed  in  the  last  annual  report,  a  dam  of 
piles,  brush,  and  stone  was  constructed  near  the  head  of  the  cat-oiE,  as 
indicated  on  Plate  8  of  report  for  1879.  The  work  consists  of  three  rows 
of  piles  filled  in  with  loose  brush  weighted  down  by  stone.  The  pile.s 
are  at  intervals  of  5  feet,  and  the  rows  are  15  feet  apart.  The  shoiw 
are  protected  for  20  feet  above  and  100  feet  below  ihe  dam. 

For  this  work  172  hard  wood  piles  were  cut,  hauled,  and  driven,  the 
trees  being  purchased  as  they  stood. 

Thi^  hundred  and  forty-eight  cubic  yards  of  stone  were  qnairifd 
upon  the  shore,  and,  as  the  water  was  extremely  low,  the  stone  wu 
transported  in  flat-boats  propelled  by  hand  to  the  head  of  the  cat-oC 
tiience  carried  in  carts  to  the  dam  and  wheeled  to  its  place  on  the  brosk. 

WINKLER'S  BAR. 

As  soon  as  the  force  could  be  spared  ftom  other  works  a  wing-daio 
was  commenced  at  this  place,  as  indicated  on  Plate  No.  6  accompanyiDi: 
the  last  annual  report.  It  was,  however,  October,  and  before  mnd 
work  was  accomplished,  operations  were  suspended  owing  to  high  wate 
which  has  since  prevailed  almost  continuously.  One  hundred  and  fifty 
two  hard  wood  piles  were  cut  and  hauled  to  the  work,  and  131  pOe? 
driven  in  the  work.  Two  hundred  and  forty -three  cords  of  brush  wen 
cut,  hauled,  and  placed  in  the  dam.  One  hundred  and  twenty  cobk 
yards  of  stone  were  procured  and  placed  on  the  brush.  This  work  viH 
be  completed  the  ensuing  season. 

WARWICK^S  RIPPLE. 

A  small  party  commenced  work  at  this  place  in  October.  Notwitb 
standing  former  efforts  to  remove  all  the  old  coffer-dam.  left  by  a  Mm 
contractor,  55  timbers  and  12  planks  were  found  and  removed  from  tb(^ 
channel. 

The  removal  of  the  lower  reef  was  first  commenced  with  ordinary  bla^ 
ing  powder,  but  was  afterwards  continued  with  dynamite  exploded  with 
platinum  fuses  and  a  dynamo-electric  machine. 

The  work  was  considered  largely  exx>erimental,  as  it  was  too  late  is 
the  season  to  expect  any  extensive  results.  The  only  means  of  reiDOt- 
ing  the  broken  rock  from  the  channel  was  by  men  standing  waist  deep 
in  water  where  the  current  was  so  rapid  that  it  was  difftcult  to  keeps 
footing ;  in  one  instance  a  man  was  swept  from  the  rock  and  carried  a 
half  mile  below  before  reaching  the  shore.  A  part  of  the  middle  reef  2u»i 
all  the  ]ower  one  was  remov^  greatly  improving  the  channel,  thoogii 
the  work  is  still  incomplete. 

SURVEYS. 

A  detailed  survey  of  the  river  has  been  made  ftom  Bone  Bank  to  it^ 
mouth,  a  distance  of  9  miles.  This  completes  a  continuous  survey  for 
26  miles,  besides  various  special  surveys,  all  of  which  have  been  caw 
fully  reduced  and  platted. 
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CONDITION  OF  THE  RIVER. 

There  are  niiiuerous  snags  iu  the  channel  along  the  entire  navigable 
portion,  notably  within  10  miles  of  the  river's  mouth.  At  extreme  low- 
vrater  these  snags  are  serious  and  dangerous  obstructions.  Several  bars 
exist  where  wing-dams  may  be  advantageously  used  to  increase  the 
depth  of  water.  A  constant  source  of  injury  to  the  channel  is  the  under- 
mining and  cutting  away  of  bank^,  thus  widening  the  channel,  filling  it 
with  snags,  and  doing  other  mischief. 

The  remainder  of  the  reef  at  Warwick's  Eipple  is  a  serious  obstruction 
at  low-water ;  the  Grand  Chain  requires  considerable  further  work  to 
make  the  low- water  channel  good ;  the  Little  Chain  is  the  worst  ob- 
struction below  the  rapids  near  Mount  Carmel.  These  obstructions 
were  fully  described  in  the  last  annual  report.  Another  place  requir- 
ing further  improvement  is  at  Coffee  Island,  a  few  miles  below  Mount 
Carmel. 

With  these  improvements  the  navigation  will  be  good  at  all  stages  of 
water  from  the  mouth  of  the  river,  a  distance  of  more  than  90  miles,  to 
the  mouth  of  the  White  River. 

Although  numerous  boats  navigate  the  river  above  the  rapids  at  this 
point,  they  will  be  the  head  of  continuous  navigation  on  the  Wabash 
liiver  until  the  old  lock  and  dam  are  rebuilt. 

PROJECT  OF  WORK  FOR  ENSUING  YEAR. 

The  appropriation  of  $25,000  for  continuing  operations  during  the 
next  year  will  be  as  nearly  as  practicable  appli^  as  follows,  viz : 

1.  Employing  snag-boat,  removing  snags  from  river,  and  towing  barges 
when  necessary. 

2.  Completing  work  at  Warwick's  Ripple. 

3.  Continuing  work  on  project  for  improvement  at  Grand  Chain. 

4.  Completing  wing-dam  at  Winkler's  Bar,  and  such  other  similar 
work  as  the  available  funds  permit. 

5.  Continuing  survey  of  channel  above  Little  Chain. 

IMPROVEMENTS  NEEDED. 

All  the  necessary  work  cannot  be  definitely  described  nor  its  expense 
accurately  estimated  until  complete  surveys  have  been  extended  over 
the  entire  distance^  Most  of  them  were  indicated  in  a  general  way  in 
describing  the  condition  of  the  river,  and  it  is  believed  that  all  the  prin- 
cipal and  most  necessary  improvements  below  Mount  Carmel  can  be 
completed  for  $150,000,  provided  the  appropriations  are  so  made  as  to 
X>ermit  doing  the  work  in  one  or  two  seasons.  With  small  appropria- 
tions the  most  important  improvements  cannot  be  judiciously  under- 
taken, as  their  cost  is  largely  increased  by  being  several  years  in  progress, 
aud  there  is  no  certainty  of  their  completion.  As  a  result,  numerous 
small  improvements  are  made  which,  while  they  benefit  the  navigation, 
are  not  vital,  and  the  essential  works  are  thus  constantly  left  upon  the 
list  to  be  done  in  the  indefinite  future,  and  the  annual  estimates  for  their 
completion  are  but  little,  if  any,  reduced  by  the  work  already  accom- 
2)lished. 

The  invitation  to  commerce  extended  by  recent  improvements  has 
been  extensively  honored,  though  the  importance  of  the  river  as  an 
outlet  for  the  vast  agricultural  productions  of  its  valley  seems  to  be  too 
little  appreciated. 

116  £ 
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The  part  of  the  river  where  improvemeats  have  hitherto  been  made 
Ues  between  two  of  the  greatest  producing  States  in  the  Union,  and  no 
part  of  either  State  is  more  prodnctive  than  its  valley. 

I  again  submit  the  estimate  for  a  lock  and  dam  at  Moimt  Cannel  and 
would  recommend  that  a  separate  appropriation  of  not  less  than  $25,000 
be  made  for  commencing  the  work  and  making  the  necessary  designs  for 
its  completion. 

Estimate  for  completing  lock  aud  clam  at  Grand  Rapids fl3l^|»V 

Engineering  contingencies 15,  (W 

145,  OOP 

The  first  collection  district  of  Indiana  is  adjacent  to  the  works  of  iiuprovemt:Dt> 
The  nearest  port  of  entry  is  Evansville,  Ind, 

Amount  of  revenue  collected  in  last  fiscal  year,  ♦6,596.71. 

Money  statement. 

July  1,  1)^9,  amount  available |34,G95  56 

Amount  appropriated  by  act  approved  June  14,  1880 25, 000  00 

$59,  Oe* 

July  1,  1880,  amount  expended  during  fiscal  year... 33, 7(^  39 

July  1, 1H80,  outstanding  liabilities 989  36 

34, 691  r^ 

July  1,  1H80,  amount  available 25,(K^?» 

Amount  that  can  l>e  profitsibly  expended  in  fiscal  year  ending  Jane  30,1882.  100,«^>»  '>" 


Z   2. 

IMPROVEMENT  OF  WHITE  BIVER,  INDIANA. 

By  act  of  March  3, 1879,  an  appropriation  of  $25,000  was  made  k 
this  improvement,  but  as  the  amount  was  temporarily  withhdd  frou 
expenditure  no  work  could  be  done  nor  preparations  made  during  the 
early  part  of  the  season. 

On  the  2d  of  August  authority  was  received  to  commence  the  vork 
of  improvement. 

As  my  only  knowledge  of  the  river  was  from  the  hurried  reoonnai^ 
sance  on  which  the  project  of  improvement  and  estimate  had  been  based, 
it  was  determined  to  limit  the  season's  work  to  the  removal  of  sDa^'^ 
and  to  making  a  8Ui*vey  of  Kelly's  Bipple,  which  forms  the  most  exten 
sive  obstruction  in  the  portion  of  the  river  to  be  improved. 

The  necessary  barges  and  apparatus  were  procn^^  and  the  work  of 
removing  snags  was  begun  on  the  19th  of  August.  This  was  oontinned 
one  week,  when  the  overseer  was  taken  sick  and  suspended  opeiatioo.*^ 
without  consultation  with  the  officer  in  charge  of  the  work« 

Six  large  snags  were  removed  from  the  channel  above  Hazelton. 

As  the  suag-boat  was  soon  to  be  completed,  work  with  this  party  wa$ 
not  resumed. 

On  the  1st  of  September  the  snag-boat  started  from  Jeffersonville,  aod 
owing  to  a  high  stage  of  water  was  enabled  to  proceed  at  ouoe  to  tiie 
White  Kiver  and  to  pass  the  rapid  at  Kelly's  Eipple. 

Work  with  the  snag-boat  was  continued  until  into  the  month  uf  ^^' 
cember,  when,  o>ving  to  high-water,  no  further  work  could  be  doue  aod 
the  boat  was  laid  in  a  safe  winter  harbor  on  the  Wabash  Biver,  near 
New  Harmony,  Indiana.    Two  hundred  and  seventy-seven  snafs  were 
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removed  by  the  boat,  most  of  them  being  very  large  and  requiring  to  be 
cut  in  several  parts  before  they  could  be  placed  where  they  would  not 
again  enter  the  channel. 

The  weight  of  the  largest  snag  as  calculated  by  measurement  was  59 
tons.    All  were  more  or  less  iml^dded  in  the  bottom. 

The  bottom  of  the  boat  was  several  times  punctured  by  snags  and 
was  prevented  from  sinking  only  by  the  water-tight  compartments. 

Many  large  piles  of  drift  which  were  lodged  upon  the  shores  ready  to 
be  again  floated  into  the  channel  with  a  rise  of  water  were  cut  and 
burned  up,  and  a  large  number  of  trees  were  cut  and  removed  to  pre- 
vent their  falling  into  the  river  and  adding  to  the  obstructions  already 
there. 

The  roughness  of  the  ser\ice  had  beeti  so  great  as  to  render  it  impru- 
dent to  attempt  another  season's  work  with  the  snag-boat,  until  after 
the  bottom  had  been  re-enforced  and  other  parts  of  the  boat  strength- 
ened. The  bottom  was  therefore  covered  with  oak  plank  and  the  for- 
ward rake  and  bows  further  strengthened  with  boiler  iron. 

About  the  1st  of  June  the  boat  and  crew  were  again  sent  to  the  White 
River  to  resume  work  removing  snags,  but  as  the  water  remained  at  a 
very  high  stage  the  entire  month  no  snags  could  be  removed. 

SURVEY. 

In  order  to  determine  definitely  the  improvements  required  as  well  as 
the  best  methods  to  follow,  a  survey  of  the  river  was  begun,  and  ex- 
tended from  the  railroad  crossing  at  Mount  Carmel,  on  the  Wabash 
River,  to  a  short  distance  above  Kelly's  Ripple,  on  the  White  River,  a 
distance  of  about  6  miles.  The  work  has  been  platted  on  a  scale  of  200 
feet  to  1  inch  and  the  portion  covering  the  ripple  is  also  platted  on  a 
scale  of  100  feet  to  1  inch. 

WORK  FOR  ENSUING  YEAR. 

It  is  proposed  during  the  ensuing  year  to  continue  the  removal  of 
snags  all  the  time,  when  such  work  may  be  practicable.  Further  inform- 
ation of  the  river  will  be  obtained  by  extending  the  survey  already  be- 
gun. Various  small  works  are  contemplated  for  confining  the  current 
by  bank  protections  and  wing-dams,  with  the  purpose  of  making  the 
channel  deeper. 

FUTURE  REQUIREMENTS. 

In  order  to  connect  the  navigation  of  this  river  witii  the  Wabash 
liiver  at  all  stagjes  of  the  water,  it  is  necessary  that  a  good  channel  be 
made  past  the  reef  at  Kelly's  Ripple.  A  careful  survey  of  this  obstruc- 
tion has  been  made  and  a  map  showing  the  impi'ovements  contemplated 
is  forwarded  to  accompany  this  report. 

It  is  propoised  to  make  a  straight  cut  100  feet  wide  through  the  reef, 
and  Si  feet  deep  measured  from  the  surface  of  low- water ;  and  to  raise 
a  dike  of  timber  and  stone  2  feet  above  low- water,  and  20  feet  wide 
on  the  north  side  of  the  cut ;  a  small  dike  to  be  built  on  the  south  side, 
if  found  necessary.  This  will  require  the  removal  of  10,000  cubic  yards 
of  rock,  at  $1.50  per  cubic  yard,  and  the  construction  of  3,000  feet  of 
dike,  at  3^  dollars  per  foot,  making  a  total  of  $25,000. 

The  removal  of  snags  is  of  vital  importance  as  without  it  no  low-water 
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navigation  is  practicable.  The  necesssary  and  contingent  expense  of 
this  work  for  one  year  cannot  safely  be  placed  at  less  than  |10,((00. 
The  survey  of  the  river  should  be  continued  during  the  short  period  of 
extreme  low- water. 

Numerous  other  smaller  works  are  required  for  improving  the  clian- 
nel :  they  will  consist  principally  of  piles,  brush,  and  stone,  but  cannot 
be  definitely  described  until  the  locations  are  surveyed. 

The  estimate  for  the  entire  improvement  of  the  river  submitted  in  my 
letter  of  December  31, 1878,  was  based  upon  information  obtained  in  a 
reconnaissance  made  at  the  rate  of  10  miles  per  day,  and,  althongb  I 
believe  it  is  as  nearly  correct  as  the  data  permitted,  yet  it  is  not  suf 
flciently  definite  to  submit  as  a  complete  project. 

The  agricultural  and  commercial  interests  reached  by  this  work  arr 
very  large,  and  I  am  satisfied  that  the  benefits  to  be  gained  are  largely 
in  excess  of  the  cost  of  the  necessary  improvements. 

The  work  can  be  done  more  economically  and  the  commercial  inter 
ests  will  be  correspondingly  advanced  by  making  the  improvements  a^ 
rapidly  as  possible,  and  I  therefore  recommend  an  appropriation  of 
♦75,000  for  the  year  endiug  June  30, 1882. 

Money  statement. 

July  1,  1879,  amount  available $25,000  00 

Amount  appropriated  bv  act  approved  June  14,  1«80 iiO,  000  00 

145,  m " 

July  I,  Ic^O,  amount  expended  duriug  fiscal  year 20,8J7:i 

July  1,  1880,  amount  available 24.162  rl 

Amount  that  can  be  protitably  exi>euded  in  fiscal  year  ending  JiiuedO,  1882. .  75,  (XM  *^' 


^3. 

survey  of  kankakee  river,  induna  and  illinois. 

United  States  Engineer  Office, 
Indianapolis^  Ind.j  February  25^  ISSil 

General  :  I  have  to  submit  the  following  report  of  a  survey  uj)® 
the  Kankakee  River,  together  with  a  general  estimate  of  the  cost  of 
such  works  as  will  be  necessary  to  make  the  river  navigable  by  slack 
water  as  far  up  as  Momence,  HI.,  the  river  being  already  navigabt 
above  that  point  for  100  or  more  miles. 

An  examination  of  this  river  had  been  made  in  the  autumn  of  1S7\ 
under  the  provisions  of  section  2  of  the  river  and  harbor  act  of  Jane  1>- 
1878,  the  report  being  printed  as  H.  E.  Ex.  Doc.  No.  73,  Porty-fiftt 
Congress,  third  session. 

Mr.  Henry  Custer  was  employed  to  conduct  the  field  and  office  wort 
for  constructing  the  maps  and  estimates.  The  field-work  was  begus 
September  2  and. closed  December  2, 1879. 

The  survey  extended  from  the  head  of  the  present  slackwater  nati- 
gation,  a  short  distance  above  Wilmington,  111.,  to  a  point  1|  miles 
above  the  dam  at  Momence;  it  was  carefully  made,  and  sufficieDtljio 
detail  to  afford  means  for  devising  a  general  plan  of  the  necess^  work 
and  an  estimate  of  its  cost. 
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The  entire  distance  surveyed  is  about  36  miles,  and  the  difference  in 
the  level  of  the  pools  was  ascertained  to  be  73.82  feet. 

To  connect  these  levels  by  slackwater,  Mr.  Custer  proposes  to  con- 
struct three  locks  with  lifts  of  8.5  feet  each,  and  four  locks  having  lifts 
of  12  feet  each,  and  to  avoid  the  most  rapid  places  in  the  river  by  canals 
along  or  near  the  bank  a  total*  length  of  12  miles,  the  number  of  dams 
would  thus  be  reduced  to  four,  having  an  average  height  of  10.5  f6et 
and  length  of  700  feet.  Three  of  these  dams  are  already  built,  but  would 
require  extensive  repairs  or  reconstruction. 

As  it  has  been  impracticable  to  complete  all  the  maps  on  a  larg^  scale 
in  time  to  accompany  this  report,  a  small  map,  showing  the  river  in  Illi- 
nois, with  its  connections,  and  the  location  of  improvements  suggested^ 
has  been  prepared,  and  is  forwarded  herewith. 

The  essential  works  recommended  by  Mr.  Custer  are  the  following: 

To  rebuild  the  two  dams  at  Momence,  a  total  length  of  649  feet  and 
height  of  6  feet,  which  would  place  the  crests  6  inches  below  those  of 
the  present  dam.  Thence  from  a  point  above  the  lower  dam  a  canal  to 
l»e  made  along  the  river  bank  a  distance  of  4  miles,  to  the  head  of  the 
island  indicated  on  the  map  as  "A."  In  this  canal  it  is  proposed  to 
[ilaoe  two  locks,  each  having  a  lift  of  8.5  feet. 

Thence  the  river  channel  is  followed  to  Waldron,  where  the  present 
rlam  is  to  be  repaired  or  replaced  by  one  10  feet  high  and  580  feet  long. 

At  Waldron  a  second  canal  is  located,  its  length  being  4,000  feet  and 
containing  a  lock  having  a  lift  of  8.5  feet.  Thence  to  Kankakee  the 
navigation  will  be  by  river  channel. 

At  Kankakee  the  present  dam  would  be  repaired  or  rebuilt  540  feet 
long  and  10  feet  high,  the  pool  communicating  with  the  next  below  by 
^v  canal  13,200  feet  long,  containing  one  lock  with  a  lift  of  12  feet 

The  next  dam  occurs  at  Altorff,  being  shown  in  two  parts,  a  total 
length  of  1,054  feet  and  height  of  16  feet.  Below  this  place  the  river 
is  rapid  for  a  considerable  distance,  and  requires  a  canal  25,350  feet 
long,  with  three  locks,  each  having  a  lift  of  12  feet.  The  foot  of  this 
["anal  is  near  Ilanford's  Landing,  and  thence  the  Illinois  and  Michigan 
L'anal  may  be  reached  by  boats  drawing  4}  feet,  through  works  already 
3ompleted  by  the  Kankakee  Company.  The  locks  of  the  Kankakee  im- 
provement are  100  feet  long  between  the  gate  recesses,  and  18  feet  3 
nches  wide,  the  recesses  for  the  gates  being  12  J  feet  long.  They  admit 
K>at8  105  feet  long,  17^  feet  wide,  drawing  4J  feet  of  water,  which  per- 
iiits  a  freight  of  100,000  feet  of  lumber,  or  6,800  to  5,900  bushels  of  com. 

As  but  little  can  be  gained  by  making  the  new  locks  larger  than  those 
brough  which  boats  must  pass  to  reach  the  Illinois  Eiver,  the  estimate 
8  based  upon  the  dimensions  given,  with  a  depth  of  7  feet  water  over  the 
niter-sills. 

The  maps  thus  far  completed  by  Mr.  Custer  are  not  sufficient  for  a 
Letinite  estimate  of  the  excavation  and  other  work  requii*ed  to  construct 
he  canals  he  has  recommended. 

The  banks  are  described  as  increasing  in  height  as  the  river  is  de- 
scended, which  indicates  that  the  adjacent  lands  are  more  nearly  level 
ban  the  stream.  The  cutting  for  a  canal  must  therefore  generally  be  to 
b  considerable  depth.  The  water  should  be  at  least  7  feet  deep,  and 
or  present  purposes  I  would  place  the  average  width  of  canal  as  ^  feet, 
vhich  would  make  it  cost,  including  all  items,  at  least  $3  per  foot  of 
ength. 
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With  this  expbftuatiou,  I  make  the  following  estimate : 

For  three  masonry  locks,  each  having  a  lift  of  8.5  feet,  at  $35,000  each |l<^.i>i<' 

For  four  masoniy  locks,  each  having  a  lift  of  12  feet,  at  |45,000  each la).«XM 

For  63,000  linear  feet  of  canal,  at  $3 !?«,(*' 

For  eonstmction  and  repair  of  dams 50,'>»' 

Removing  reefs  and  other  obstrnctions , 26.00" 

This  amount  is  largely  in  excess  of  that  submitted  in  my  report  of 
December  **U,  1878,  which  was  based  upon  an  estimate  made  by  Mr.  L 
S.  Waters,  the  former  engineer  of  the  Kankakee  Company. 

A  protracted  illness  has  prevented  my  making  such  an  examination 
of  the  localities  and  study  of  details  as  would  enable  me  to  judge 
whether  the  works  proposed  by  Mr.  Custer  were  the  best  that  conkl  be 
devised.  I  believe,  however,  that  they  are  in  the  main  well  considered, 
and  that  the  estimate  as  a  total  will  not  exceed  the  actual  cost. 

I  have  felt  less  regret  at  my  inability  to  personally  supervise  the  pp^ 
ject  for  improvement  than  I  would  have  had  were  the  objections  to  it> 
being  undertaken  by  the  United  States,  for  the  present  at  least  les? 
numerous  and  forcible. 

A  considerable  section  both  of  Illinois  and  Indiana  would  be  bent 
fited  by  the  work,  but  to  what  extent  is  not  easy  to  ascertain.  A  com 
mittee  of  citizens  was  recently  formed  to  collect  statistics  bearing  upcm 
this  subject.  In  response  to  my  inquiries  a  copy  of  the  report  has  bee 
furnished  me  and  is  forwardeii  herewith.  A  further  statement  of  th^ 
probable  benefits  will  be  found  in  the  letters  of  Mr.  TVaters,  hereaftff 
mentioned. 

The  Kankakee  Company  owns  certain  exclusive  privileges  obtaiuc: 
from  the  State  of  Illinois,  besides  rights  obtained  by  purchase;  the-^ 
include  the  right  to  make  the  river  navigable  by  slackwater,  collet' 
tolls,  rent  or  lease  water  power,  &c.  In  order  to  ascertain  the  status  ♦»: 
this  company  and  value  of  its  franchises,  the  inquiry  was  submitted  t« 
Mr.  E.  S.  Waters,  formerly  chief  engineer  of  the  company,  and  it  isdn^ 
to  his  courtesy  that  I  am  able  to  present  several  points  of  importance 
Copies  of  his  replies  are  appended  hereto  as  a  part  of  this  rejiort. 

It  will  be  seen  from  Mr.  Waters's  second  letter  that  for  the  govern 
ment  to  obtain  control  of  the  completed  works  and  a  right  of  way  for 
any  future  constructions  involves  an  original  outlay  of  $300,000.  ^ 

When  the  improvements  are  completed  with  this  atlded  expeu^se.  u^' 
other  navigable  waters  can  be  reached  by  boats  on  the  Kankakee  sau 
by  passing  through  a  canal  not  owned  by  the  United  States. 

To  attempt  the  improvement  without  obtaining  the  franchise  iudicattKl 
could  not  fail  to  result  in  litigation  and  expense,  besides  its  l»eiDg  ai 
least  an  implied  encroachment  upon  the  rights  of  the  State. 

The  rights  of  mill-owners  who  are  entitled  to  their  present  supply  (»i 
water-power  and  of  persons  through  whose  lands  canals  must  be  cm 
would  be  other  equally  fruitful  sources  of  trouble.  Six  railroads  ctos> 
the  river  within  50  miles  of  its  mouth,  besides  several  bridges  for  onii 
nary  travel.  The  railroad  crossings  as  well  as  the  other  bridges  at 
Kankakee,  Waldron,  and  Momence,  could  not  be  passed  with  boats  ot 
any  considerable  size  without  inserting  draws. 

The  various  bridges  were  constructed  without  the  necessity  of  author 
ity  from  the  United  States  for  crossing  navigable  waters,  and  it  theit 
fore  seems  that  any  movement  to  cause  a  modification  of  the  present 
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structures  or  of  the  rights  under  which   thej'  have  hitherto  existed 
should  come  from  the  State  or  local  authorities. 

The  dams  at  Momence  have  long  been  a  subject  of  contention,  and  an 
improvement  could  hardly  fail  to  meet  with  ox)position  from  one  or  other 
of  the  parties  whose  rights  and  interests  are  such  that  they  cannot  be 
disregarded. 

I  have  thus  presented  the  points  which  appear  as  obstacles  to  the  im- 
I>rovement,  together  with  those  which  I  have  found  in  its  favor,  as  each 
seems  fully  entitled  to  consideration. 

Very  respectfully,  your  obedient  servant, 

Jared  a.  Smith, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U,  8.  A. 


MK.    E.    S.   WATEHS  TO   MAJ.   JARED  A.   SMITH,    CORPS  OF  ENGIXEERS. 

1. 

Wilmington,  III.,  December  19,  1*^9. 

Dear  Sir:  Your  letter  of  the  I7th  iuHtant  just  received,  and  in  reply  would  state 
tbat  1  am  unable  to  give  you  the  desired  information  respecting  the  price  that  would 
be  fixed  by  the  Kankakee*  Company  upon  their  works  and  franchise  rights  in  case  the 
general  government  should  desire  to  purchase  them ;  and  have  therefore  inclosed  your 
not«  to  our  oftirers  in  Boston,  Mass.,  requesting  them  to  answer  your  inquiries  as  to 
present  Htatus  of  the  company  and  their  valuation  of  the  property.  It  was  the  original 
intention  of  the  company  to  carry  slack  water  navigation  to  the  State  line  slijoto 
Momence,  and  a  contract  was  made  covering  all  the  ]>roposed  works  along  the  whole 
line.  Owing  to  financial  embarrassments,  the  work  was  stopped  when  completed  to 
a  i>oint  10  miles  above  Wihnington. 

Of  course  the  business  done  upon  the  short  line  of  navigation  now  completed  (20 
miles)  gives  but  insufficient  data  forjudging  the  amount  of  uusiness  tbat  would  have 
been  done  upon  the  river  ha<l  the  navigation  been  completed  into  Indiana. 

Lumber  and  grain  are  mainly  the  products  carried  by  boats  to  and  from  Wilming- 
ton, Hauford^s  Landing,  and  Horse  Cre<»k. 

We  have  four  competitors :  The  Chicago  and  Illinois  River  Railroad,  which  crosses 
the  feeder ;  the  Chicago,  Alton,  and  Saint  Louis  Railroad,  which  crosses  the  river  at 
Wilmington ;  the  Chicago  and  Strawn  Railroad,  crossing  at  Horse  Creek ;  and  the 
Kankakee  and  Southwestern  Railroad,  which  runs  througn  Grand  Prairie,  cutting  off 
much  com  which  would  otherwise  come  to  the  river. 

The  amount  of  lumber  annually  carried  upon  the  river  is  5,000,000  feet,  and  of  corn 
300,000  bushels ;  also  of  oats,  flax-seed,  r>'e,  and  grass  seeds  a  large  number  of  bushels. 

The  first  boat-load  of  lumber  brought  to  Wilmington  lowered  the  price  of  lumber 
Ski  once  ^  per  M,  and  com  enhanced  in  value  H  centa  per  bushel. 

The  railroads,  in  order  to  secure  any  business  from  this  vicinity,  were  obliged  to 
reduce  their  freight  charges  from  40  to  60  per  cent.  It  is  safe  to  assume  that  the 
people  of  Wilmington  ami  vicinity  are  annually  benefited  by  this  navigation  $30,000. 

Could  the  Kankakee  River  be  joined  by  the  Wabash,  and  thence  oy  slackwater 
navigation  and  canal  to  Toledo  via  the  Maumee,  then,  in  my  judgment,  such  a  canal 
-would  be  in  importance  second  only  to  the  Erie.  I  have  always  intended  to  make  an 
instrumental  survey  across  the  summit  between  the  waters  of' this  river  and  the  Wa- 
bash, but  have  heretofore  been  unable  to  do  so. 

Nothing  could  be  gained  by  increasing  the  size  of  the  locks  until  the  locks  upon  the 
Illinois  and  Michigan  Canal  are  enlarged,  but  I  should  favor  an  increase  of  depth  to 
7  feet  upon  the  miter  sills.  The  locks  upon  the  Illinois  River  at  Henry  and  Copperas 
Creek  are  300  feet  long  and  75  feet  wide,  and  will  pass  twelve  canal-boats  at  once;  but 
such  locks  are  expensive  to  build,  and  costly  to  operate,  and  the  advantages  gained 
4lo  not  compensate  for  the  increase  of  cost. 
Yours,  respectfully, 

E.  S.  Waters. 

MaJ.  Jared  A.  Smith, 

Corps  of  Engineers  J  U.  S.  A. 
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2. 

WiwiiXGTOX,  Ilx..,  Jamuary  9,  l^•^^ 

Dear  Sir  :  Mr.  Carpenter,  the  president  of  the  Kankakee  River  IiuprovemeDt  Coil* 

Sany,  wishes  me  to  iuform  you  that  his  company  will  transfer  to  the  United  iSu:*^ 
ovemment  ''All  rights  under  the  franchises  of  the  Kankakee  Company,  and  i\ 
rights  obtained  by  purchase  or  otherwise  so  far  as  the  navigation  of  river  is  conceruci 
for  the  amount  that  they  can  show  vouchers  for  that  it  cost  the  comnany,  and  f^iu'- 
antee  that  if  the  amount  exceeds  $300,000  that  it  shall  be  transferred  for  that  i^qil. 
We  should  retain  our  water  lots  and  power,  simply  selling  the  right  and  property  b<^ 
loneing  to  the  navigation.'' 

My  accounts  show  that  the  dams,  locks,  and  canal,  exclusive  of  any  land  paitbaK. 
cost  the  company  $342,773. 07. 

The  tolls  charged  atjpresent  are  10  cents  per  1,000  pounds  upon  all  grain  from  Har- 
ford's Landing  to  the  Illinois  and  Michigan  Canal,  and  4  cents  per  1,000  pounds  fTca> 
Wilmington  to  canal ;  thirty  cents  per  1,000  feet  (board-measure)  on  lumber  to  Hi- 
ford's  Landing,  and  12  cents  per  1,000  feet  to  Wilmington.  On  general  merchanrlbf 
the  tolls  are  the  same  as  on  grain. 


Yours,  respectfully, 

Mig.  Jared  a.  Smith, 

Corps  of  Engineers f  V,  S,  A, 


E.  S.  Watbrs. 
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BBIPGING  NAVIGABLE  WATERS  OF   THE  UNITED   STATES. 


A  A  I. 

bridge  over  the  ohio  river  at  beaver,  pennsylvania. 

Office  of  the  Chief  of  Engineers, 

Washingtonj  D.  C,  December  23, 1879. 

Sir  :  I  have  the  honor  to  submit  the  inclosed  copy  of  a  letter  of  the 
6th  December,  1879,  from  Maj.  W.  E.  Merrill,  Corps  of  Engineers,  giving 
a  history  of  the  procee<liugs  of  this  office  in  connection  with  tne  con- 
stmction  of  a  bridge  across  the  Ohio  River  at  or  near  Beaver.  Pa.,  by 
the  Pittsburgh  and  Lake  Erie  Railroad  Company,  and  in  obedience  to 
the  instructions  of  the  Secretary  of  War  of  July  24, 1879 ;  also  to  submit 
copies  of  the  papers  in  the  case  with  a  view  to  their  transmission  to  Con- 
gress. 

The  railroad  company  in  question  was  required  by  the  Secretary  of 
War  to  build  a  dike  in  connection  with  their  bridge  for  the  protection 
of  navigation,  and  failed  to  do  so ;  and,  in  the  opinion  of  the  Judge- 
Ad  vocate-G^neral,  no  proceedings  can  be  instituted  in  the  courts  to  com- 
pel the  railroad  company  to  construct  the  dike  under  the  act  of  Decem- 
ber 17, 1872,  authorizing  the  construction  of  bridges  over  the  Ohio  River. 

As  there  appears  to  be  no  authority  in  the  War  Department  to  enforce 
the  carrying  out  of  its  instructions  in  this  case,  it  is  recommended  that 
the  question  be  submitted  to  Congress  for  its  information  and  such  con- 
sideration and  action  as  may  be  deemed  necessary. 
Very  resi)ectfully,  your  obedient  servant, 

H.  G.  Weight, 
Chief  of  EngitieerSy 
Brig,  and  Bvt,  Majpr-Oeneralj  U.  S.  A, 

Hon  Alexander  Ramsey, 

Secretary  of  War. 


T^L^OR  willia:m  e.  :m&erill,  corps  of  engineers,  to  the  chief 

OF  engineers. 

United  States  Engineer  Office, 

Cincinnati^  OhiOj  December  6, 1879. 

General  :  In  accordance  with  the  instructions  contained  in  your  let- 
ter of  the  6th  of  October  last,  I  have  the  honor  to  submit  the  following 
report  upon  the  bridge  across  the  Ohio  River,  at  Beaver,  Pa.,  owned  and 
operated  by  the  Pittsburgh  and  Lake  Erie  Eiailroa<l  Company. 

1849 
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When  this  company  began  work  and  submitted  its  bridge  plans  to  the 
Secretary  of  War  for  approval,  as  required  by  law,  a  Board  of  Engineers, 
consisting  of  Colonel  Simpson,  Major  Weitzel,  and  Major  Merrill  was  con- 
vened at  Pittsburgh  to  consider  and  report  upon  them. 

The  Board  submitted  a  report,  dated  August  15, 1877,*  in  which  tbey 
stated  that  the  site  was  a  particularly  objectionable  one  in  its  relations 
to  navigation,  but  they  suggested  several  plans  for  removing  or  allevi 
ating  these  objections,  recommending  that  the  railroad  company  be  al 
lowed  a  choice  of  the  plan  that  would  best  suit  their  interests. 

The  company  chose  the  plan  which  called  for  an  increase  of  the  clear 
width  of  the  channel  spa<5e  from  400  to  425  feet,  and  the  construction  of 
a  guiding  dike  extending  upstream  from  the  left  channel  pier  a  distanct^ 
of  300  feet.  They  accordingly  modified  their  drawings  to  conform  to  the 
conditions  prescribed  by  the  Board  of  Engineers,  and  these  drawinp* 
were  forwarded  to  the  Chief  of  Engineers  and  by  him  were  submittnl 
to  the  Secretary  of  War  by  an  indorsement  dated  September  19,  1877. 
The  Secretary  of  War  formally  approved  them,  and  the  work  of  biiilil- 
ing  the  bridge  was  immediately  begun. 

Before  the  bridge  was  completed,  I  receive<l  several  communication'* 
from  the  coal  shippers  of  Pittsburghj  protesting  against  the  8hortues> 
(300  feet)  of  the  guiding  dike.  Some  of  them  even  stated  that  tlie> 
would  prefer  no  dike  at  all  to  one  so  short. 

I  immediately  went  to  Pittsburgh,  visited  the  site  of  the  bridge  in 
company  with  many  coal  shippers  and  pilots,  and  decided  that  the  com 
plaints  were  well  founded,  that  the  dike  was  too  short,  and  that  it  ougbt 
to  be  lengthened  618  feet,  making  a  total  length  of  918  feet.  I  8u'l>mit 
ted  a  report  to  this  effect  to  the  Chief  of  Engineers  in  a  letter  datetl 
August  26, 1878.  The  acting  Chief  of  Engineers  transmitted  this  letter 
to  the  Secretary  of  War  in  a  communication  dated  September  2,  and  ou 
September  4  the  Secretary  of  War  formally  approved  of  the  proposed 
increase  in  length  of  dike,  and  ordered  that  it  be  made  by  the  bridue 
company. 

On  the  8th  of  November  I  received  from  the  chief  engineer  of  tb* 
company  a  drawing  of  the  dike  as  he  proposed  to  build  it.  It  wa?*  to 
be  918  feet  long,  and  to  extend  to  the  left-hand  shore  above  the  bridge. 
In  his  letter  of  transmittal  he  says  '*  We  are  ready  at  once  to  begin  work 
as  soon  as  you  have  approved  of  same.'' 

I  replied  on  the  same  day,  approving  the  plan.  My  letter  was  thu> 
written  more  than  a  year  ago,  and  although  I  have  rei>eatedly  written 
to  the  bridge  company  since  then  and  have  communicated  orally  with 
the  president  and  some  of  the  directors,  they  have  thus  far  ignored  my 
letters  and  have  refused  to  take  any  step  towards  building  any  dike  at 
all,  either  of  the  original  length  of  300  feet  or  of  the  modified  length  of 
918  feet. 

There  can  be  no  excuse  on  account  of  high-water,  as  the  Ohio  River 
has  been  lower  this  year  than  ever  before  since  my  official  connection 
with  it. 

I  believe  the  railroad  company  deny  the  power  of  the  Secretary  of 
War  to  cliange  the  length  of  the  guiding  dike  after  he  had  once  ordere<l 
that  it  be  made  300  feet  long.  But  the  company  has  not  even  built  the 
300-foot  dike,  although  they  included  this  dike  in  the  original  contract 
with  the  builders  of  the  bridge.  In  conversations  that  I  have  had  with 
the  officers  of  the  road  they  have  raised  objections  to  the  extra  cost  of 
extending  the  dike  beyond  the  original  300  feet.    The  contractor  for  the 

*  See  Annual  Report  Chief  of  Engineers  for  1878,  Part  II,  page  891. 
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road  offered  to  build  this  extension  for  87,40(>.  The  case  may,  therefore, 
be  summed  up  by  saying  that  to  save  this  paltry  sum  the  company  have 
made  their  bridge  an  obstacle  and  a  danger  to  navigation,  and  have  im- 
periled its  legality.  It  is  a  question  worth  considering  whether  the 
Pittsburgh  and  Lake  Erie  Railroad  Company  is  not  liable  for  all  injuries 
or  delays  to  navigation  caused  by  their  maintenance  of  an  illegal  struc- 
ture across  the  Ohio  River. 

Respectfully,  your  obedient  servant, 

Wm.  E.  Mehrill, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineern. 


major  william  e.  mekiull,  corps  of  engineers,  to  the  chief 

of  engineers. 

United  States  Engineer  Office, 

Cincinnati^  Ohio,  June  23,  1879. 

General:  I  have  the  honor  to  report  to  the  department  that  the 
Pittsburgh  and  Lake  Erie  Railroad  Company,  of  Pittsburgh,  have  thus 
far  taken  no  steps  towards  building  the  guiding  dike  which  was  ordered 
for  their  bridge  across  the  Ohio  River,  at  Beaver,  Pa.,  and  whose  con- 
fttruction  was  one  of  the  conditions  upon  which  their  location  was 
accepted. 

They  have  neitber  built  the  300-foot  dike,  as  they  agreed  to  in  their 
letter  to  the  Secretary  of  War,  dated  September  5, 1877,  nor  the  918- 
foot  dike  ordered  by  the  indorsement  of  the  Secretary  of  War,  dated 
September  4,  1878,  on  a  letter  from  the  Chief  of  Engineers,  dated  Sep- 
tember 2,  1878. 

Inasmuch  as  several  reciuests  and  remonstrances  made  by  me  have 
in'oduced  no  apparent  results,  and  as  the  present  low-water  season  is 
exceedingly  favorable  for  the  construction  of  the  dike,  I  would  suggest 
that  measures  be  taken  by  higher  authority  to  compel  compliance  with 
the  orders  of  the  Secretary  of  War. 

Respectfully,  your  obedient  servant, 

Wm.  E.  Merrill, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers. 

[FirHt  indorsement.] 

Office  of  Chief  of  Engineers, 

July  3,  1879. 

Respectfully  referred  to  the  honorable  the  Secretary  of  War  with 
request  for  instructions. 

The  accompanying  papers  fully  explain  the  case  and  the  previous 
action  taken  thereon. 

H.  G.  Wright, 
Chief  of  Engineers, 
Brig,  and  Brevet  Major-Oeneral. 
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[Second  indorsement.! 

Eespectfully  referred  to  the  Judge- Advocate-General  for  opinion  as 
to  what  legal  measures  should  be  taken  to  compel  the  company  to  per- 
form its  agreement. 
By  order  of  the  Secretary  of  War. 

H.  T.  Crosby, 

Chief  Clerh 
War  Department,  July  11, 1879. 

•  [Thinl  indorsement.] 

Bureau  of  Military  Justice. 

July  19,  1879. 

Respectfully  returned  to  the  Secretary  of  War. 

It  is  not  perceived  that  under  the  provisions  of  the  act  of  December  IT, 
1872,  relating  to  the  construction  of  bridges  across  the  Ohio  Eiver,  an? 
proceeding  can  be  instituted  in  the  courts  to  ^' compel^  the  railnxui 
company  to  construct  the  dike  herein  specified. 

The  company  would  appear  to  be  liable  under  the  act  only  to  the  di- 
rection of  Congress  as  indicated  in  sec.  7,  or  to  suits  in  the  United  Stat^'^ 
district  court,  on  the  part  of  persons  or  coqKirations  whose  rights  ot 
navigation  may  be  impeded  by  the  construction  of  the  bridge.  Inaa- 
mach,  however,  as  the  Department  of  Justice  is  the  one  which  wouM 
regularly  be  charged  with  the  institution  of  legal  proceedings  by  the 
United  States  against  the  railway  company  if  any  can  properly  be 
initiated,  it  is  suggested  that  the  question  stated  in  the  within  indorse 
ment  of  reference  of  the  Secretary  of  War  be  submitted  to  that  depart- 
ment. 

W.  Winthrop, 
Acting  Judge- Advocate- Oeneral 

[Fourth  indorsement.] 

Respectfully  returned  to  the  Chief  of  Engineers. 

It  does  not  appear  from  the  report  of  the  Judge- Advocate-General 
that  there  is  grounds  sufficient  for  the  maintenance  of  a  suit  in  law. 
The  matter,  therefore,  will  be  brought  to  the  attention  of  Congress  at  it< 
next  session. 

By  order  of  the  Secretary  of  War. 


War  Department,  July  24, 1879. 


H.  T.  Crosby, 

Chief  Clerh 


A  A  2. 

brid(;e  over  Detroit  river  at  or  near  Detroit,  Michigan. 

REPORT  of  the  BOARD  OF  ENGINEERS. 

Detroit,  Mich.,  November  21, 1879. 
General  :  The  Board  directed  to  be  organized  by  the  joint  resolution 
of  Congress,  to  wit — 

Whereas  recent  progress  in  the  art  has  shown  the  practicability  of  coniitnictinf 
bridges  havins  spans  of  500  feet,  or  possibly  more:  Therefore, 
Besolved  by  the  Senate  and  Houet  of  Bepresentativee  of  the  United  States  of  Jmerk*  i» 


APPENDIX   A  A.  1853 

Confjress  assemhledf  That  the  Secretary  of  War  is  hereby'  authorized  and  required  to 
convene  a  Board  of  Engineers  of  the  Army,  whose  duty  it  shall  be  to  inquire  into  and 
report  whether,  for  railroad  imrposes,  the  river  Detroit  can  be  bridged  or  tunneled  at 
:\w  city  of  Detroit,  or  within  one  mile  above  or  below  said  citj*,  in  such  manner  as  to 
u'commodate  the  large  trade  and  commerce  crossing  the  river  at  that  point  and  with- 
>ut  material  or  undue  ii\jury  to  the  navigation  of  said  river ;  a  good  and  sufficient  tug 
ieing  always  kept  by  bridge  owners  to  assist  any  craft  when  required — 

convened  at  Detroit,  Mich.,  on  the  14th  of  October,  1879,  by  virtue  of 
:he  following  order: 

(Si'KriAi.  Orders  No.  213.] 

Headquarters  of  the  Army, 
adjrtant-gexeral*8  office, 

Waahington^  September  15,  1879. 

1.  Tlif  foil  wing  order  has  been  received  from  the  Secretary  of  War: 

lu  pursuance  of  a  joint  resolution  of  Congress  approved  June  20,  1879,  published 
u  (Ii'ucral  Orders  No.  67,  July  3,  1879,  from  this  office,  entitled  **  Joint  resolution  re- 
ating  to  a  bridge  across  the  Detroit  River  at  or  near  Detroit,  Mich.,"  a  Board  of 
Engineer  officers,  to  consist  of  Lieut.  Col.  W.  F.  Raynolds,  Lieut.  Col.  Nathaniel 
^lichler,  Mim.  O.  M.  Poe,  Maj.  D.  C.  Houston,  Maj.  J.  M.  Wilson,  will  convene  at  the  city 
>f  Detroit,  Mich.,  upon  the  call  of  the  senior  officer,  and  at  as  early  a  day  as  practi- 
•able  consistent  witii  the  other  duties  of  the  members. 

The  Board  will  be  governed  by  the  requirements  of  the  act  mentioned,  and  will  make 
ts  report  and  recommendations  to  the  Chief  of  Engineers  before  the  1st  of  December 
lext. 

The  junior  member  will  act  as  recorder. 

By  coiumaud  of  General  Sherman. 

E.   D.  TOWXSEND, 

Adju  tan  t  •  Genera  1. 
Official : 

A.   H.  NiCKERSON, 

j88Mant  Adjutant-General, 

The  Board  remained  in  session  five  days,  daring  which  time  it  was 
engaged  in  hearing  statements  and  arguments  of  persons  favoring  and 
apposing  the  construction  of  a  bridge  or  tunnel  across  the  Detroit  Biver, 
the  substance  of  which  is  given  in  the  record  of  proceedings  appended 
:o  this  report. 

At  the  urgent  request  of  all  parties  interested,  the  Board  adjourned 
x)  enable  them  to  collect  statistics  bearing  upon  the  subject. 

The  Board  reassembled  on  the  18th  of  ^November,  and  after  hearing 
xirther  statements  and  arguments  as  specified  in  the  record  proceeded 
X)  consider  the  matters  referred  to  it. 

At  Detroit  two  immense  streams  of  commerce  come  into  direct  inter- 
'ercnce,  namely,  one  by  water  and  the  other  by  railroads.  The  problem 
>efore  the  Boaord  was  to  so  arrange,  by  either  bridge  or  tunnel,  that  these 
uight  cross  each  other  with  the  least  injury  to  both,  and  in  such  a  man- 
ler  as  to  accommodate  the  railroad  traffic,  and  at  the  same  time  do  no 
uaterial  or  undue  injury  to  the  interests  of  navigation. 

The  question  of  bridging:  the  channel-way  between  Lake  Huron  and 
.iake  Erie  was  discuss^  by  a  Board  of  Engineer  officers  in  1873,  and 
bat  Board  made  an  elaborate  and  exhaustive  report,  which  is  published 
vith  the  Eeport  of  the  Chief  of  Engineers  for  1874,  vol.  1,  page  587. 

The  locality  defined  by  the  joint  resolution  of  Congress  is  within  the 
iniita  covered  by  the  report  of  the  Board  referred  to,  and  extends  from 
bbout  the  middle  of  Belle  Isle,  above  the  city  of  Detroit,  to  or  near  Fort 
rVayne,  below  it  a  distance  of  a  little  more  than  6  miles.  The  channel 
rom  the  foot  of  Belle  Isle  to  the  lower  limit  of  the  city  is  straight,  run- 
ling  about  twenty-five  degrees  south  of  west,  and  then  changes  twenty 
legi*ee8  more  to  the  southward. 
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The  width  of  the  channel  on  either  side  of  Belle  Isle  is  about  2,000 
feet,  its  greatest  depth  on  the  northerly  side  being  fh)m  25  to  30  feet, 
and  on  the  southerly  from  30  to  40.  Below  Belle  Isle  the  greatest  depth 
varies  from  39  to  about  50  feet. 

The  question  of  bridging  or  tunneling  the  river  near  Detroit  has  been 
agitated  for  several  years,  and  numerous  plans  and  projects  therefor 
have  been  proposed ;  several  of  these  have  been  presented  for  consider- 
ation, but  as  the  joint  resolution  of  Congress,  embodying  the  only  in- 
structions the  Board  has  received,  does  not  require  a  discussion  of 
modes,  plans  of  construction,  details  of  operation,  or  the  matter  of  cost, 
these  subjects,  except  in  a  general  way,  are  not  referred  to  in  this  report. 

The  magnitude  of  the  conflicting  interests  at  this  iK>int  may  be  real- 
ized from  the  official  statement  that  the  number  of  vessels  of  varioas 
kinds  passing  Fort  Gratiot  light-house  during  the  fiscal  year  ending 
June  30, 1879,  was  22,150.  The  business  of  the  railroads  crossing  the 
river  at  Detroit  during  the  year  1878  was  as  follows,  viz : 

129,11:^  paRsengers. 
12,258  passenger-carH. 
3,873  baggage-cars. 
104,359  freight-cars. 

The  joint  resolution  contemplates  two  modes  of  crossing ;  first,  by  a 
bridge ;  second,  by  a  tunnel. 

BRIDGE. 

The  conclusions  to  which  the  Board  of  1873  arrived  are  as  follows,  viz: 

1st.  That  a  bridge  giving  a  clear  headway  of  150  feet,  and  clear  spaus  of  400  feet, 
would  not  seriously  injure  navigation,  but  would  be  very  expensive,  involving  lonjE. 
and  in  some  places  inconvenient  approaches. 

2d.  That  no  bridge  giving  passage  to  vessels  by  draws  alone,  with  draw-spans  at 
present  practicable,  can  be  permitted  without  serious  ii^ury  to  navigation. 

3d.  That  a  bridge  giving  a  clear  opening  of  700  feet  from  April  I  to  December  1. 
with  two  draw  openings  1m)  feet  in  the  clear,  and  with  the  permanent  foundations  of 
its  movable  piers  18  feet  below  lowest  stage  of  water,  will  not  be  a  serious  obstacle  t» 
navigation. 

4th.  For  the  reasons  heretofore  given,  although  the  question  has  not  been  direetlr 
referred  to  it,  the  Board  deem  the  crossing  of  tne  river  by  tunnels  the  only  onobiw- 
tionable  method ;  and  fh>m  all  information  they  have  obtained  think  a*tnnnelat 
Detroit    *    *     *    is  by  no  means  impracticable,  at  a  cost  not  so  great  as  to  debar  it 
construction. 

That  Board  also  stated  that  no  bridge  with  draws  should  be  tolerated. 
There  is  probably  no  dilflerence  of  opinion  about  these  conclusions,  ex- 
cept as  to  the  one  referring  to  a  bridge  with  draws. 

The  form  of  bridge  considered  inadmissible  by  the  former  Board  had 
^^  a  clear  headwa}^  of  only  12  feet  provided  with  two  pivot  draws,  each 
leaving  two  openings  of  166  feet  in  ihe  clear,  and  the  remainder  of  the 
structure  built  on  piers  of  masonry  200  feet  apart." 

It  is  believed  that  draw-openings  of  166  feet  were  the  greatest  then 
considered  practicable ;  draws  of  more  than  200  feet  have  been  since 
constructed,  and  it  is  now  proposed  by  bridge-builders  of  high  repu- 
tation to  construct  them  with  openings  of  300  feet  on  each  side  of  a  pivot 
pier,  or  of  400  feet  between  two  pivot  piers. 

Those  who  favor  the  construction  of  a  bridge  over  the  river  now  admit 
that  vessels  should  have  the  right  of  way,  and  say  that  the  draw  shooJd 
always  be  kept  open,  except  when  necessary  for  the  passage  of  trainsat 
such  times  as  will  not  interfere  with  the  passage  of  vessels. 

It  is  the  opinion  of  the  Board  that,  with  skillful  navigators  there  will 
be  no  material  difficulty  in  passing  through  clear  openings  of  300  or 400 
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feet  at  any  time  when  it  would  be  safe  to  navigate  the  river.  With  the 
right  of  way  cleariy  and  emphatically  given  to  navigation  there  would 
then  be  no  material  or  undue  injury  to  that  interest. 

If  vessels  have  the  right  of  way,  can  the  traffic  across  the  river  be  ac- 
commodated ? 

The  Board  has  investigated  this  matter  and  finds  that  with  the  pres- 
ent traffic  there  will  be  ample  time  during  the  intervals  between  the 
{>assing  of  vessels  to  move  all  the  trains  across  the  bridge.  There  will 
occasionally  be  delays,  but  the  railroads  can  accommodate  their  time 
tables  to  compensate  for  any  onlinary  delays. 

Should  the  traffic  increase  so  that  there  would  not  be  sufficient  time 
to  pass  all  trains  during  the  season  of  navigation,  the  additional  cars  can 
be  crossed  by  the  ferriage  system  as  at  present.  This  system  need  not 
be  wholly  abandoned,  but  should  be  kept  available,  in  case  of  necessity ; 
indeed  it  might  be  requisite,  in  order  to  assure  regularity  of  passenger- 
trains,  to  depend  altogether  upon  the  ferriage  system  for  their  transit 
during  the  season  of  navigation. 

LOCATION   OF  BRIDGE. 

The  Board  is  of  the  opinion  that  the  bridge  should  be  located  at  a  con- 
siderable distance  above  or  below  the  business  portion  of  the  city,  so 
that  its  use  will  not  be  interfered  with  by  the  local  traffic  in  front  of  the 
city  in  that  part  of  the  river  which  forms  the  harbor  of  Detroit.  The 
two  points  which, seem  best  suited  to  the  purjwse  are: 

1st.  At  the  lower  end  of  Belle  Isle.  This  is  understood  to  be  the  least 
objectionable  to  the  interests  opposing  the  construction  of  a  bridge. 

2d.  In  the  vicinity  of  the  foot  of  Twenty-fouth  street,  in  the  city  of 
Detroit. 

GENERAL  DESCRIPTION  OP  THE  BRIDGE. 

There  should  be  placed  near  the  middle  of  the  main  channel,  on  the 
usual  course  of  through  vessels,  either  a  draw-span,  with  a  clear  open- 
ing of  not  less  than  300  feet  on  each  side  of  the  pivot-pier,  or  a  single 
clear  opening  not  less  than  400  feet  between  the  pivot-piers  of  two  a(^ja- 
cent  draw-spans,  and,  in  addition,  at  least  one  other  draw-span,  with  a 
clear  opening  of  not  less  than  106  feet  on  each  side  of  the  pivot-pier, 
placed  so  as  to  be  used  for  convenience,  or  in  case  of  accident  to  the 
main  opening. 

The  fixed  spans  should  not  l>e  less  than  450  feet  in  the  clear,  and 
those  adjacent  to  the  main  o])ening  should  have  a  clear  headway  of  not 
less  than  (50  feet,  which  height  is  readily  attainable,  without  extraordi- 
nary grades. 

A  considerable  portion  of  the  craft  plying  the  lakes  will  be  able  to 
pass  under  a  bridge  of  this  height,  and  thus  obviate  the  necessity  of 
opening  the  draw  so  frequently. 

The  Boaitl  would  remark  that  it  is  not  intended  to  convey  the  im- 
X>re8sion  that  it  is  of  the  opinion  that  such  a  bridge  as  has  been  de- 
scribed will  not  be  to  some  extent  an  obstruction.  The  language  of 
the  joint  resolution  ^^  material  or  undue  injury,''  contemplates  that 
tbere  may  be  some  obstruction,  and  the  question  the  Board  has  consid- 
ered is,*  whether,  in  view  of  the  great  interests  involved,  a  bridge  can 
be  constructed  which  will  fulfill  these  conditions.  A  good  and  suffi- 
cient tug,  as  contemplated  by  the  joint  resolution,  would  at  times  be  of 
ai^sistance  in  passing  the  bridge. 

In  case  authority  to  construct  such  a  bridge  in  this  locality  should  be 
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granted  by  Congress,  it  should  be  distinctly  provided  that  vessels  have 
the  right  of  way,  and  the  draw  be  kept  open  except  when  trains  are 
passing.  That  the  plan  and  location  be  subject  to  the  approval  of  tbe 
Secretary  of  War ;  that  its  construction  be  subject  to  his  superrision 
so  far  as  relates  to  interference  with  navigation,  and  severe  penaltie;^ 
should  be  prescribed  for  any  violation  of  these  provisions. 

THE  TUNNEL. 

The  Board  is  unanimously  of  opinion  that  the  most  complete  solution 
of  the  problem  is  the  construction  of  a  tunnel  under  the  river. 

This  may  be  located  at  any  point  within  the  limits  prescribed  by  tlie 
joint  resolution ;  it  is  deemed  practicable,  and  if  properly  constructed 
will  accommodate  the  railroad  traflftc,  and  be  no  obstruction  whatever 
to  navigation. 

The  following  papers  are  respectfully  submitted : 

No.  1.  Letter  of  citizens'  committee  of  Detroitj^  in  favor  of  a  bridge. 

No.  2.  Letter  of  Greneral  C.  B.  Comstook,  in  reference  to  currents  in  the  Detroit  Riv^r. 

No.  3.  Address  of  Mr.  J.  F.  Joy.  in  favor  of  abridge. 

No.  4«  Resolutions  of  tbe  Cleveland,  Obio.  Board  of  Titide,  against  a  bridge. 

No.  5.  Statement  of  vessels  wbich  passed  Fort  Gratiot  from  July  1,  1877,  to  October 
23,  1879. 

No.  6.  Statement  of  vessels  passing  Grassy  Island  ligbt  during  tbe  fiscal  year  1^*^ 
and  tbe  portion  of  tbe  year  1879  previous  to  September  30. 

No.  7.  Resolution  of  tbe  Saint  raul,  Minn. ,  Cbamber  of  Commerce,  protesting  again<4 
a  bridge. 

No.  8.  Letter  from  Commander  W.  R.  Bridgman,  U.  8.  N.,  referring  to  number  («i 
vessels  passing  Grassy  Island  ligbt-station. 

No.  9.  Letter  of  tbe  governor  of  Minnesota,  transmitting  a  copy  of  a  letter  to  the 
honorable  Secretary  of  War  protesting  against  a  bridge. 

No.  10.  Number  of  vessels  passing  Detroit,  Mich.,  from  April  27  to  October  31,  l^-* 

No.  11.  Letter  from  R.  A.  Alger  and  M.  S.  Smitb,  favoring  a  bridge. 

No.  12.  Letter  of  James  McMiUan,  chairman  of  citizens'  committee  of  Detroit,  giv- 
ing number  of  passengers,  passenger  and  baggage  cars  crossing  at  Detroit  from  tl^ 
year  1875  to  1879. 

No.  13.  Abstract  showing  number  of  vessels  passing  Windmill  Point  ligbt-hoiM, 
Fort  Gratiot  Uffht-bouse,  and  the  Saint  Clair  Flats  lower  Ught. 

No.  14.  Resolution  of  tne  Buffalo  Board  of  Trade,  against  a  bridge. 

No.  15.  Proceedings  of  tbe  Board  of  Engineers.    [Not  printed.] 

All  of  which  is  respectfully  submitted. 

W.  F.  Raynolds, 
Lieutenant-Colonel  of  Engineers^  Brevet  Brigadier-Oeneralj  Z7.  S,  A. 

^.  MiCHLEB, 

Lietitenant' Colonel  of  EngimerSj  Brevet  Brigadier-General. 

O.  M.  PoE. 
Major  of  Engineers^  Brevet  Brigaaier-Oeneral 

D.  C.  Houston, 
Major  of  Engineers^  Brevet  Col<meL 

To  the  Chief  of  Engineers^  U.  S.  A. : 

I  fully  concur  in  the  above  report  as  far  as  relates  to  the  tunnel,  but, 
after  a  careful  examination  of  the  whole  subject,  I  am  satisfied  that  any 
bridge  other  than  a  high  one,  with  spans  of  at  least  450  feet^  will  be  an 
undue  impediment  to  navigation,  and  I  am  not  prepared  to  approve  the 
construction  of  a  drawbridge  that  I  believe  a  majority  of  those  inter- 
ested in  lake  commerce  will  pronounce  a  material  obstruction  to  tbe 
navigation  of  this  great  national  highway. 

John  M.  Wilson, 
Major  of  Engineertj 
Brevet  Cohnelj  U.  8.  A. 
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"No.    I.— LETTER  OF  CITIZENS*  COMMITTEE  OF   DETROIT  IN   FAVOR  OF  A   BRIDGE. 

Detroit,  Mich.,  October  16,  1879. 

Gentlemen:  We,  the  members  of  the  citizens*  i'ommitt<*e  deputed  toi>ro8eut  to  your 
honorable  Board  fact^  and  figures  in  support  of  the  neoessity  for  and  practicability  of 
having  a  bridge  across  the  Detroit  River  at  or  near  this  city,  for  railroad  purposes, 
be^  to  make  the  following  statement : 

The  present  mode  of  transportation  during  the  entire  year  of  the  railroad  traffic, 
across  the  Detroit  River  at  tne  city  from  the  Michigan  Central  slip  docks  is  by  car 
ferry  boats,  in  a  southeasterly  direction,  a  distance  of  about  6,000  feet,  and  from  the 
Milwaukee  Railroa<l  slip,  in  a  wiuherly  coufse,  a  distance  of  about  3,000  feet,  to  the 
Canaclian  shore  and  Great  Western  Railway  slip  docks. 

These  lioats  convey  each  14,  12,  ami  8  freight  cars  at  one  time ;  the  number  of  cars 
f<»rried  at  this  point  duiing  this  vear  will  be  about  300,000,  representing  a  tonnage  of 
about  3,(500,000  tons  exclusive  o^  about  180,000  ptisstMigers,  and  lluiti'd  States  through 
and  local  mails  and  expi-ess.  This  trailic  is  largely  on  the  increase,  and  if  the  bridge 
crossing  is  grant4'd  it  is  satV  to  say  this  tonnage  and  business  will  be  quickly  doubled. 
We  append  Htatenient  .showing  how  thistralhc  has  increased,  even  with  the  imperfect 
means  now  in  use. 

The  delay,  risk,  and  terrible  expense  during  five  ni<mths  of  the  year  in  forcing  boats 
through  the  very  thick  and  sometimes  grounded  ice,  ferrying  this  traffic — when  all  other 
navigation  on  the  river  except  ferries  is  closed — is  a  very  serious  drawback  to  trans- 
portation to  and  from  the  eight  Michigan  railroads  converging  at  this  city.  This  fact 
alone  shonld  be  sufficitMit  to  warrant  the  construction  of  a  bridge  for  the  passage  of 
this  traffic. 

We  say  bridge,  because  from  the  large  sums  of  money  alreiuly  expended  by  the  rail- 
roa<l  companies  in  boring  the  bed  of  the  river  within  the  boundary  named  in  your 
commission,  and  in  sinking  shafts  and  excavating  several  drifts  under  the  bed  and 
upon  both  sides  of  the  river  at  what  were  supposed  the  best  locations,  we  are  satisfied 
that  the  expense  of  constructing  a  suitable  and  reliable  double- track  and  drainage 
tunnel  is  pTohibitor>'  to  such  a  mode  of  crossing. 

A  bridge  of  reasonable  height  above  the  surface  of  the  water,  with  draws  of  not  less 
than  250  feet  in  the  clear,  perhaps  larger  openings,  can  be  constructed,  and  these  draws 
can  be  worked  so  expeditiously  and  in  such  a  manner  as  will  give  the  vessels  a  safe  right 
of  passage  at  all  times,  and  satisfy  the  railroad  companies  in  the  transit  of  their  trains  of 
passengers,  live  stock,  and  freight. 

The  bridge  can  l>e  located  at  such  a  point  upon  the  river  as  will  enable  the  men  in 
charge  to  see  vessels  approaching  from  either  clirectiou  when  a  long  way  distant,  and 
as  the  draw-bridges,  during  the  seven  months  of  navigation,  wouul  remain  open  for 
the  passage  of  vessels,  and  beclose<l  only  when  trains  require  to  cross,  and  w^hen  no 
vosM'ls  are  in  close  proximity  to  pass  through,  thei:e  should  be  no  reasonable  objection 
on  the  part  of  vessel-owners  to  this  structure. 

The  proposed  «lraw-opeuings  would  give  a  very  much  greater  area  for  navigation 
up  and  down  the  river  than  the  same  vessels  now  have  in  the  Lake  Saint  Clair  Ship 
Canal,  through  which  all  the  shipping  nas.ses  with  safety,  nndcr  far  more  disadvan- 
tageous circumstances  than  a  bridge  in  this  river  can  possibly  present. 

The  railroad  or  bridge  cornpan.vs  tngs,  at  their  expense,  would  be  in  readiness  at 
all  times  when  necessary  to  assist  vessels  approaching  and  passing  through  the  draws. 

Of  course  the  plains  would  be  submitted  to  the  Secretary  of  War  for  his  approval 
before  construction.  Itf^ 

To  give  you  some  idea  of  the  volume  of  traffic  passing  to  and  from  our  Michigan 
railroads  centering  in  this  city,  we  append  the  following  statement  of  cars  ferried  to 
and  from  the  Great  Western  Railway  slips ;  and  if  the  bridge  is  constnict^d  here,  you 
can  consistently  a4d  one-half  to  the  figures  of  1879  as  a  low  estimate  of  the  traffic  tnat 
would  at  once  cross — that  would  be  at  least  5,400,000  tons — because  we  are  assured 
the  Canafla  Southern  Railway  traffic  for  Detroit  and  ita  districts,  in  place  of  crossing 
at  Orosse  Isle,  and  reaching  Detroit  via  Trenton,  at  18  miles  distant,  would  come  to 
Windsor  and  Petroit  via  the  proposed  Essex  Center  Line  and  bridge. 


Year. 


1873 

1874. 

1«75. 

1876. 

1877. 

1878. 

1879. 


Cars.  Tons. 


160,212  ,  1,922,544 

167. 480  2, 000, 760 

156. 675  I  1, 880. 100 

173, 859  2, 086, 281 

161.507  I  1.939,164 

194,359;  2.332,808 

300,000  I  3,600,000 
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To  which  add  the  proportion  of  tonnage  from  the  Canada  Southern,  which  wonld 
make,  as  we  have  said,  about  5,400,000  tons  per  annum. 
All  this  is  exclusive  of  passengeis^  mails*  and  express. 

Having  submitted  a  plan  showing  both  shores  of  the  Detroit  River,  with  the  varioiu 
lines  of  railroad  approaching  thereto,  and  also  plans  of  proposed  bridges,  we  be^  yooi 
favorable  consideration  of  them,  and  shall  be  happy  to  wait  upon  you  at  any  time  or 
place  indicated,  and  furnish  any  additional  information  required. 
We  are  yours,  respectfully, 

James  McMillak, 
Alanson  Shelkt, 
James  F.  Joy, 
g.  v.  n.  lothrop, 
W.  K.  MuiB, 

Of  Ciiizent'  Ommitke. 
To  the  Board  of  United  States  Engineers 

Commisaioned  to  examine  and  report  upon  the  croeHng  of  the 
Detroit  Eivevfor  railroad  purposes  by  bridge  or  tunnel, 
within  one  mile  above  or  below  the  dty  of  Detroit. 


no.  2.— letter  of  general  c.  b.  comstock,  major  of  engineers,  in  rbfereka 

to  currents  in  the  detroit  river. 

Office  of  United  States  Lake  Survey, 

De^oit,  Mich.,  October  16,  \m. 

Sir  :  At  your  request,  Mr.  D.  F.  Henry  has  examined  some  of  his  note-books  of  1^. 
and  states  as  follows : 

"  I  find  the  following  velocities  of  the  river  given  in  the  note-books  of  the  'outflow' 
in  1869^  October  and  November.  They  are  not  exactly  located,  as  they  were  only  taktc 
in  testing  meters — part  of  them  in  fast  and  part  in  slow  currents. 

'*  Near  the  head  of  Belle  Isle  in  the  Canada  channel  two  series  of  observations  givinf 
2,525  and  2,672  feet  per  second,  or  about  If  miles  per  hour. 

**  In  the  same  channel  farther  down,  at  10  feet  depth,  2,200 ;  at  20  feet  depth,  2,146: 
and  at  25  feet  depth,  2,025  feet  per  second,  or  about  1^  miles  per  hour. 

''In  the  American  channel  near  the  foot  of  Belle  Isle,  near  the  surface,  two  series, 
giving  1,660  and  1,726  feet  per  second,  or  about  li  miles  per  hour." 
Very  respectfully, 

C,  B.  Comstock, 
Major  of  Engineere, 
Brevet  Brigadier-General,  U.  S.  A. 
Oeneral  W.  F.  Ratnolds, 

U.  8.  Engineers,  Detroit,  Mich. 


No.  3.— ADDRESS  of  MR.  JAMES  F.  JOT,  IN  FAVOR  OF  A  BRIDGE. 

Detroit,  Mich.,  October  18, 1879. 

Gentlemen  :  In  my  statemMit  before  you  this  morning  I  gave  the  nomber  of  veswls 

gassing  the  river  at  Detroit,  as  reported  by  the  marine  reporter  for  the  presB,  ai  foi- 
>wb: 

FaMong  up.    Timing  dov& 

PropeUers 961  1,041 

Steam-barges 979  1,131 

Schooners 2,468  2.253 

Total 4,408  4,445 

In  ail 8,S53 

The  barges  which  were  towed  were  not  included  in  this,  which  are  estimated  at.    1,  uOO 

Alltoldi  making  a  grand  total  of 10,353 

Take  the  schooners  together,  and  barges  towed  both  ways,  and  they  nnmber..    6,&t 
Then  the  propellers  and  steam-barges  together,  and  they  nnmber 4,  IS 

Making  a  total  of 10.353 
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Assume  that  the  schooners  and  barj^fs  towinl  are  three  in  a  tow,  and  you  have 2,074 
OW8.  Added  to  the  number  of  steani-bargi'H  and  pmpeileTrt,  and  you  have  6,'20i>  pas- 
ages  through  the  draws  in  the  course  of  a  year. 

There  are  in  the  seven  months  of  navigvtion  5,136  hours ;  you  have  one  and  one- fifth 
massages  in  an  hour,  on  the  average,  and  these  at  very  iiTegular  times,  and  sometimes 
leveral  honrs  intervening.  With  this  navigation  there  is  a  very  large  space  of  time 
eft  for  the  passage  of  trains,  even  if  there  is  only  one  draw.  These  are  the  vessels 
hat  do  the  great  commerce  of  the  lakes.  The  other  craft  of  all  sortn  and  sizes,  which 
K)me  and  go  from  the  port  of  Detroit,  Mr.  Bissel  thinks,  amount  to  as  many  more. 

These  craft  include  scows  for  wood  and  lime,  and  every  possible  kind  of  small  boat 
vhich  come  to  and  go  from  Detroit.  These  are  a  loose  craft,  engaged  in  no  long  trade. 
They  are  small  crau ;  they  are  easily  managed,  quickly  handled,  might  go  through  a 
Iraw  250  feet  wid«,  sideways,  two  or  three  end  to  end,  at  once. 

So  far  as  that  class  of  craft  is  concerned,  as  I  have  said,  there  is  no  difficulty  in 
landling  it,  and  a  vast  quantity  of  it  would  not  go  through  a  draw  in  any  event — 
nuch  of  it  wood-scows,  engaged  in  traffic  in  and  around  Lake  Saint  Clair  and  Saint 
31air  River  in  bringing  wood,  lime,  and  stone  to  this  city,  and  other  supplies  of  vari- 
ms  kinds  from  below  as  well  as  above. 

Bat  suppose  we  estimate  that  every  one  of  them  wants  to  f^o  through  a  draw  every 
iime  they  want  to  come  to  Detroit,  and  want  to  go  through  singly,  which  is  not  at  all 
iupposable,  then  we  should  have  about  16,000  passages.  That  would  be  about  three 
n  one  hour^  on  an  average,  with  one  draw.  But  all  these  might  pass  the  draw  not 
ised  by  the  vessels  engaged  in  the  long  trade.  This  small  craft  passing  singly  would 
fo  through  the  draw  in  two  or  three  minutes.  A  long  tow  would  take  some  louder; 
>ut  when  yon  consider  how  irregularly  they  go  and  sometimes  two  or  three  toget>her, 
ip  and  down,  I  think  we  may  fairly  estimate  that  one-half  of  the  whole  time  may  be 
left  to  the  railroad  companies,  if,  as  I  say,  there  were  but  one  draw,  to  pass  and  re- 
pass the  bridge  with  their  trains,  which  is  very  much  greater  time  than  would  be 
required  for  that  service.  With  the  two  draws  in  use  there  would  be  still  much  more 
;imo  for  railway  trains  to  pass.  With  a  double-track  bridge,  and  with  openings 
altogether  equal  to  1,000  feet  for  all  these  various  kinds  of  craft  to  pasH  through,  it 
;an  hardly  seem  possible  that  there  ought  to  be  any  difficulty  in  accommodating  both 
^he  railways  ana  the  commerce  of  the  country,  while  the  one  piisses  over  and  the 
>ther  passes  slone  the  river.  This  small  craft  stopping  at  Detroit  and  starting  from 
.here  is  not  like  tne  large  vessels  and  propellers  engaged  in  the  large  commerce 'of 
bhe  lakes,  which  ordinarily  pass  by  Detroit  on  its  way  up  and  down  the  lakes.  That 
kind  of  vessel,  whether  passing  in  tows  or  singly,  ought  to  have  the  right  of  way, 
and  the  passage  of  trains  should  give  way  to  them. 

The  smaller  craft,  stopping  and  starting  from  Detroit  largely  and  so  easily  managed, 
need  not  necessarily  have  the  right  of  way,  and  can  easily  pass  either  draw.  It  is 
for  this  reason  that  I  have  suggested  that  there  should  be  no  iron  rule  concerning  the 
cise  of  the  bridge.  The  use  of  it,  and  the  rules  for  passing  of  vessels,  should  be  all 
the  time  under  the  control  of  the  Secretary  of  War.  He  can  have,  and  fh)m  time  to 
tdme  make,  such  rules  as  are  found  expedient  and  necessary,  having  reference  to  the 
kind  of  craft  which  mav  pass  through.    I  inclose  the  note  wnich  contains  my  figures. 

I  will  add  that  cases  nave  frequently  come  before  the  Supreme  Court  of  the  United 
states  for  collision  against  bridges.  In  order  that  the  commission  may  have  before 
it  the  law  and  the  reasons  of  it,  I  will  allude  to  a  late  one  which  occurred  on  the 
Mississippi  River,  which  came  before  that  court,  and  which  I  now  mention  because 
ihe  court  took  occasion  to  dispose  of  the  complaints  of  those  engaged  in  navigation 
kiid  used  language  especially  applicable  to  Detroit  River.  The  language  used  by  it 
Jso  has  a  direct  oeanug  npon  the  language  of  the  orde*  of  the  Secretary  of  War,  and 
ihe  resolution  of  Congress.  I  mean  tne  words  ^*  undue  injury  to  navigation  caused 
>y  building  a  bridge.^ 

The  case  is  that  of  the  Mohler,  a  steamer  drawing  barges  loaded  with  wheat  down 
^e  river.    It  is  found  in  the  21st  Wallace's  S.  C.  Reports,  page  230. 

The  barge  towed  was  wrecked  by  collision  with  one  of  the  piers  of  a  bridge  Just 
ftbove  Saint  Paul,  and  totally  lost.  The  wind  was  blowing ;  high  bluffs  line  the  side 
>f  the  river  and  prevent  boats  feeling  the  wind  till  Just  l^fore  reaching  the  bridge, 
nrhen  they  recede  and  open,  and  do  not  operate  as  a  protection  against  the  wind.  On 
reaching  that  point  in  tne  river  the  wind  would  be  strongly  felt  by  the  boat.  It  was 
very  heavy,  as  was  testified,  when  the  boat  reached  the  bridge.  It  was  too  late  to 
change  the  course  of  the  boat  or  make  a  landing,  and  collision  was  inevitable,  aocord- 
m^  to  the  testimony. 

It  would  be  well  for  the  commission  to  read  the  whole  case,  but  I  quote  the  language 
jf  the  court  which  meets  the  point  I  wish  to  make.  It  was  the  unanimous  opinion 
>f  the  whole  court : 

"  Any  prudent  officer  would  have  stopped  until  the  weather  became  calm.  At  any  rate 
It  was  the  duty  of  the  master  of  the  boat  in  question  to  have  done  so,  and,  failing  in  this 
duty,  he  is  chargeable  with  the  consequences  of  his  negligence,  which  in  this  case  were 
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lamentable,  for  not  only  wbm  the  property  in  his  charge  destroyed,  bnt  a  human  Wfr 
lost. 

^*The  officers  of  steamers  plying  the  western  waters  must  be  held  to  the  fnll  meamrp 
of  responsibility  in  navigating  streams  where  bridges  are  bnilt  across  them.  ThtiK 
bridges,  8up]>orted  by  piers,  of  necessity  increase  the  dangers  of  naTigation,  and  river 
men,  instead  of  recognizing  them  as  lawful  structures  bnilt  in  the  inter^ts  of  com- 
merce, seem  to  regard  them  as  obstructions  to  it,  and  apparently  act  on  the  belief 
that  frequent  accidents  will  cause  their  removal.  There  is  no  foundation  for  thU 
belief.    Instead  of  the  present  bridges  being  abandoned  more  will  be  constmctied. 

"The  changed  condition  of  the  country,  produced  by  the  building  of  railroadf^ ba< 
caused  the  great  inland  waters  to  be  spanned  by  bridges ;  these  bridges  are,  to  a  ctr- 
tain  extent,  impediments  in  the  way  of  navigation,  but  railways  are  highways  of 
commerce  as  well  as  rivers,  and  would  fail  of  accomplishing  one  of  the  main  obj<rrt« 
for  which  they  are  created,  the  rapid  transit  of  persons  and  propertj-,  if  rivers  cod.! 
not  be  bridged.  It  is  the  interest  as  well  as  the  duty  of  all  persons  engaged  in  bu^inrv 
on  the  water  routes  of  transportation  to  conform  t<o  this  necessity  of  commerce ;  if  rhfj 
do  this  and  recognize  railroad  bridges  as  an  accomplished  fact  in  the  history  of  thr 
country,  there  will  be  less  loss  of  life  and  property,  and  fewer  complaints  of  thedi& 
cul ties  of  navigation  at  the  places  where  these  bridges  are  built.  If  they  pnrsae i 
different  and  contrary  course  it  rests  with  the  courts  of  the  country  in  every  prop*f 
case  to  remind  them  of  their  legal  responsibility.'' 

This  case  places  strikingly  before  you  what  kind  of  obstructions  are  not  an  nndiK 
impediment  to  navigation ;  and  also  the  necessity  of  bridges,  and  aa  many  as  the  cm- 
merce  of  the  country  requires,  and  the  fact  that  commerce  goes  by  the  rail  as  vd' 
as  by  water,  and  that  to  some  extent  the  one  must  give  way  to  the  other,  andtb.t 
both  must  be  so  managed  and  treated  that  all  the  ways  of  commerce  must  be  opt-ani 
and  that  neither  shall  act  or  be  protected  to  the  undue  prejudice  of  the  other,  ait 
especially  that  one  shall  not  and  cannot  claim  free  and  entirely  unrestricted  pashs?- 
to  the  great  detriment  of  the  other. 

The  bridge  is  a  necessity,  and  navigation  must  recognize  it,  and  then  both  must,  ir 
a  friendly  way,  and  under  some  general  regulations  made  by  the  department,  so  ci>: 
duct  their  business  as  in  the  least  degree  to  injure  each  other. 
I  am,  with  great  respect,  yours  truly, 

James  F.  Jot. 

To  the  Board  of  United  States  Engineers 

Commissioned  to  examine  and  report  upon  the  croMina  of  the 

Detroit  Hirer  for  railroad  purpoees,  by  brtdge  or  tunnel^ 

within  one  mile  above  or  below  the  dty  of  Detroit. 


Marinb  Office, 
Detroit^  Mich.,  October  17,  bT9. 

Mr.  James  Westcott,  the  marine  reporter  at  this  port,  had  published  at  the  close  > 
navigation  last  year  in  the  Detroit  papers  the  following  statement  regarding  vctiM* 
passages  during  the  season  of  1878: 


Fused  down. 

Propellers 1,041 

Steam-barges 1, 151 

Schooners • 2, 253 


Total 4,451 


PMfied  np. 

Propellers ^' 

Steam-barges '^ 

Schooners 2, 4'^' 


Total 


4.*- 
4,*'I 


Grand  total ?.* 


It  was  stated  that  the  above  did  not  include  barges  that  were  towed  either  w&p 
which  may  bo  safely  estimated  at  not  exceeding  1,500  more  ;  this  added  would  m%^f 
the  whole  number  10,359,  and  from  my  own  experience  I  believe  the  statement  itf- 
xect. 

J.  W.  HaU. 

Hon.  James  F.  Joy. 
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no.  4. — ^resolutions  op  the  cleveland,  ohio,  board  of  trade  against  a  bridge. 

Board  of  Trade  Rooms, 
Cleveland,  Ohio,  October  18, 1879. 

Sir  :  I  have  the  honor  to  inform  yon  that  at  a  regular  meeting  of  the  Cleveland 
Board  of  Trade  held  to-day,  the  following  preamble  and  resolutions  were  unanimously 
adopted: 

Whereas  the  Board  of  Trade  of  this  city  is  informed  that  the  Board  of  Engineers 
provided  for  by  the  Joint  resolution  of  Congress  to  examine  and  report  as  to  the  feasi- 
bility of  bridging  or  tunnelipg  the  Detroit  Kiver  are  now  at  the  city  of  Detroit,  and 
ready  to  proceed  with  their  work ;  and  believing  that  each  city  on  the  line  of  the 
northern  chain  of  lakes  is  deeply  interested  in  this  subject,  and  that  Cleveland  should 
protest  with  others  against  any  plan  that  will  in  any  way  obstruct  a  free  use  of  the 
Detroit  River  for  the  large  commercial  traffic  passing  through  that  noble  line  of  com- 
munication :  Be  it,  therefore, 

Jieaolved  by  this  board.  That  not  any  obstruction  be  placed  across  said  river  at  any  point 
by  way  of  a  bridge,  believing  that  such  structure  would  greatly  interfere  with  the  free 
navigation  of  that  stream,  and  delay  the  passsage  of  sail,  steam,  and  other  water 
craft  navigating  the  same,  while  the  int-erests  of  the  railroads  and  the  public  can  as 
well  be  served  by  the  construction  of  a  tunnel  under  said  river. 

Resolved,  That  R.  K.  Winslow,  esq.,  Capts.  A.  Bradley  and  W.  B.  Quyles  constitute 
a  committee,  and  that  they  have  full  power  from  this  board  to  watch  the  interests  of 
the  lake,  and  carl*y  out  the  intent  of  tnese  resolutions  in  conjunction  with  other  cities 
cities  interested. 

Revolted,  That  the  secretary  be  required  to  forward  a  copy  of  these  resolutions  to 
Col.  W.  F.  Raynolds,  chairman  of  the  investigating  board  at  Detroit. 
Yours,  truly, 

Theodore  Simmons, 

Seorelary. 

Mr.  W.  F.  Ratnolds, 

Chairman  Board  of  Engineers. 
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no.  6. — statement  op  vessei^  passing  orasst  island  light  during  fiscal  year 
1878,  and  the  portion  op  the  tear  1879  previous  to  september  30. 

Office  op  Light-House  Inspector,  Tenth  District, 

,  BuffalOy  N.  F.,  Xovemher  5, 1879. 

Sir:  In  compliance  with  instructions  from  the  Light-House  Board  of  date  the  24th 
ultimo,  I  send  you  subjoined  a  statement  of  the  vessels  reported  by  the  keeper  as 
passing^ Grassy  Island  light-station  during  the  fiscal  year  1878  and  that  portion  of  the 
year  1^9  previous  to  September  .30,  aH  follows,  viz : 


Stoamera.     iBarf^os  (towed).        Brigs.  Schooners.   '      Scows.       |       Bails.       <       Total. 


11, 884        I  4, 94« 

'. «. 


862  I  8,046        ,  2,012  68  27,818 


Very  respectfully, 

W.  R.  Bridoman, 
Commander^  U,  S.  N,f  lAght-Hause  Inspector,  Tenth  IHairiot. 

Gen.  W.  F.  Raynolds,  U.  8.  A. 


No.  7.— resolution  of  the  saint  PAUL,  MINNESOTA,  CHAMBER  OF  COMMERCE  PRO- 
TESTING against  a   BRIDGE. 

Chamber  of  Commerce, 
Saint  Paul,  Minn.,  November  21,  1879. 

Gentlemen:  In  accordance  with  the  resolutions  of  the  Chamber  of  Commerce  of 
thiR,  the  chief  commercial  city  of  the  State,  copy  of  which  is  hereto  appended,  I  have 
the  honor,  on  the  part  of  that  body,  respectfully  to  protest  ap^ainst  any  project  for 
building  a  bridge  across  the  Detroit  River.  The  people  of  Minnesota^  in  common 
with  those  of  the  other  States  Iwrdering  upon  the  upper  lakes  are  deeply  interested 
in  the  maintenance,  intact,  of  communication  by  water  with  the  ocean,  and  they  are 
unanimous  in  remonstrating  against  obstruction  to  free  and  safe  navigation.  The 
vast  products  of  this  State,  and  of  the  Territories  west  of  it,  which  .are  rapidly  aug- 
menting from  year  to  year  with  the  influx  of  population,  can  with  difficulty  even  now 
be  transported  to  the  markets  of  the  East,  with  all  the  facilities  that  can  be  afforded, 
and  it  is  of  vital  importance  to  this  new  Northwest  that  every  practicable  outlet  for 
freight  be  enlarged,  rather  than  diminished  by  the  erection  of  such  barriers  t-o  safe 
transit  as  a  bridge  of  any  kind  over  the  Detroit  River. 
Very  respectfully,  your  obedient  servant, 

Henry  W.  Sibley, 

PreMdent, 

To  the  honorable  Board  of  Engineers. 

RESOLUTIONS. 

Resolvedj  That  this  chamber  does  earnestly  protest,  on  behalf  of  the  commercial 
interests  of  this  State,  against  the  construction  of  a  bridge  across  or  the  erection  of 
any  obstruction  to  navigation  in  the  Detroit  River,  which  is  the  gateway  of  all  the 
commerce  of  the  Northwest ;  and  we  hereby  request  the  president  of  this  chamber  to 
draw  and  forward  to  the  honorable  Board  of  Engineers  about  to  consider  and  deter- 
mine the  question  of  the  construction  of  such  a  bridge  a  formal  protest  against  such 
construction,  accompanied  by  such  statements  and  statistics  as  have  a  bearing  upon 
the  question  involved. 

Resolved,  That  the  president  of  this  chamber  be  requested  to  wait  upon  the  governor 
of  this  State  and  request  him  to  prepare  and  forward  to  the  honorable  Secretary  of 
War  an  official  communication  setting  forth  the  great  intierests  of  Minnesota  involved 
in  the  construction  of  such  a  bridge  across  the  Detroit  River,  and  earnestly  protesting 
against  such  construction,  and  that  the  governor  be  requested  to  forward  a  copy  of 
such  letter  to  the  said  Board  of  Engineers. 

Resolved,  That  our  Senators  and  Members  in  Congress  be  requested  to  co-operate 
nvith  the  governor  in  resisting  the  proposed  scheme  of  constructing  a  bridge  across  the 
Detroit  River. 


18-^4     REPORT   OF   THE   CHIEF   OF   ENGINEERS,    XL    S.   ARMY. 

no.  8.— letter  from  commander  w.  r.  bridoman,  u.  8.  n.,  referring  to  the 
number  of  ve88el8  passing  grassy  island  ught-statiox. 

Office  of  LIght-House  Inspector,  Tenth  District, 

Buffalo,  N,  F.,  November  12,  l";^. 

Sir:  As  the  language  of  my  letter  of  date  the  fifth  instaut  is  apparently  ambi^^oiu. 
I  (leHire  to  say  further  that  the  statement  therein  given  is  an  exhibit  of  the  namben^f 
vessels  reported  as  passing  Grassy  Island  light-house  between  Jnlj  1, 1876,  and  Sep- 
tember 30,  1879,  both  dates  inclasive. 
Very  respectfully, 

W.  R.  Bridgmax, 
Commander,  U.  8.  N.,  Ligkt-houw  Iniipeeiorf  TetUk  DUtriei. 

General  W.  F.  Raynolds,  U.  S.  A. 


•No.   9.— letter    OF    THE    GOVERNOR    OF    MINNESOTA    TRANSMITTING    A    COPY  OP  A 

letter  to  the  honorable  the  secrerary  of  war,  protesting  agalnst  4 
bridge. 

State  of  Minnesota,  Executive  Department, 

Saint  Paul,  November  14, 1?<79. 

Gentlemen:  By  request  of  the  Saint  Paul  Chamber  of  Commerce,  I  have  the  hoi^y 
to  traumuit  herewith  a  copy  of  a  letter  addresseil  by  me  to  the  Hon.  Secretary  of  VTai. 
proteMting  against  the  construction  of  the  proposed  bridge  across  Detroit  River,  a«  i 
serious  obHtruction  to  the  free  navigation  of  tne  great  lakes,  and  detrimental  io  tbt 
commercial  interests  of  Minnesota  and  of  the  vast  country  to  the  northwest. 
Very  respectfiilly, 

J.    S.   PlLLSBCRT, 

Goremor  Mlnnt-^. 
To  the  honorable  Board  of  Engineers. 


State  of  Minnesota,  Executive  Departmeni, 

Saint  Paul,  Norember  14,  1^79. 

Sir  :  In  compliance  with  a  resolution  of  the  Chamber  of  Commerce  of  Saiut  Paul 
and  pursuant  to  my  own  convictions  upon  the  subject,  I  \yeg  leave  to  renpecifully  br 
earnestly  protest  against  the  construction  of  a  bridge  across  Detroit  River,  theco!! 
sideration  of  which  I  understand  is  to  be  before  the  Board  of  Engineers  to  meet 
Detroit  on  the  IBIh  instant. 

I  need  scarcely  state  that  the  vast  and  growing  commercial  interests  of  this  Statt 
and  of  the  rapidly  settling  country  north  and  west  demand  unobstructed  naYigati^'i: 
through  the  great  lakes  and  their  connecting  channels. 

It  is  indeed  difficult  to  exaggerat>e  the  magnitude  of  these  int-erests  or  therapidi^r 
of  their  development.  The  annual  wheat  export  of  this  State  alone  averages  aTif^Kw).'**' 
bushels,  a  large  proportion  of  which  seeks  water  transit  to  the  seaboard,  via  the  grea' 
lakes.  A  much  larger  proportion  of  the  growing  products  of  Dakota  are  depend^* 
upon  this  route  alone  for  the  means  of  reaching  a  market,  while  the  transportatv^^ 
which  will  l:)e  required  with  the  development  of  tne  agricultural  and  mineral  n*»mnt? 
of  the  vast  country  drained  by  the  Northern  Pacific  Railroad  baffles  coinputatiop 
An  ample  and  unimpeded  water  communication  must  for  a  long  time  be  tfaeoity 
defense  of  these  growing  interests  against  railroad  combinations,  with  who^fr^i^^' 
exactions  they  are  constantly  threatened.  Anything,  therefore,  which  jeopards  the 
free  water  transit  as  a  means  of  competition  in  transportation  is  justly  a  caii£«  <^ 
alarm.  That  the  proposed  bridge  over  the  Detroit  River  will  prove  an  obstruction  !•' 
such  free  navigation  cannot  be  doubts,  and  I  therefore,  in  behalf  of  the  people  aJ 
this  Stat-e,  of  the  vast  country  whose  interests  are  deeply  involved,  protest  i^iii^ 
its  construction. 

Most  respectfully,  your  obedient  servant, 

J.    8.    PiLLSBUBY, 

Hon.  George  W.  McCrary, 

Secretary  of  War, 


APPENDIX   A  A.  1865 

No.  10.— NCMBER  OF  VESSELS  PASSING  DETROIT,  MICHIGAN,  FROM  APRIL  27  TO  OCTOBER 

31,  1879. 

Detroit,  Mich.,  Xorember  17,  1879. 

Dear  Sir  :  Of  the  class  of  vessels  that  I  report,  there  have  passed  here  from  April  27 
to  Octoher  31 — 

As  taken  from  my  books 16, 196 

Estimate  for  November,  same  average 2, 598 

Small  craft  that  I  do  not  report 12,600 

,  31,394 

Yours,  very  respectfully, 

J.  W.  Westcott. 
Geo.  W.  Bisskll,  Esq. 

The  number  of  tons  traoHported  throuji^h  the  river  during  the  season  of  1879,  the 
month  of  November  being  estimated  on  the  basis  of  the  previous  part  of  the  season, 
waH  12,006,000. 

No.  U.— letter  from  r.  a.  alobr  and  m.  s.  smith  favoring  a  bridge. 

Detroit,  Mich.,  Xorember  17,  1879. 

Gentlemen  :  We  are  eu^ai^ed  in  the  long  timber  Imsiness,  which  i»  getting  out 
long  pine  timber,  making  it  into  rafts  on  Lake  Huron,  and  towing  it  principally  to 
Toledo,  Cleveland,  and  Tonawanda. 

During  the  season  of  1879  we  have  towed  of  our  own  timber  over  40,000,000  feet, 
board  measure,  down  through  Detroit  River,  which  is  a  large  majority  of  all  the  long 
timber  cut  and  rafted  down  through  the  lakes.  Our  rafts  range  in  size  from  1,000,000 
to  2,000,000  feet.  A  raft  of  1,000,000  feet  would  average  about  1,800  feet  long  and  100 
feet  wide,  and  for  each  quarter  of  a  million  feet  25  feet  in  width  may  be  added,  at  the 
outside,  but  nothing  in  length,  as  rafts  are  usually  about  the  same  length,  and  are  en- 
larged by  adding  to  the  width.  A  good  average  raft  contains  about  1,500,000  feet. 
A  raft  containing  2,500,000  feet  would  measure  250  feet  scant  across  it.  This  is  an 
oversize  raft,  andlarger.than  ought  to  be  towed  at  one  time. 

While  our  business  as  shown  above  is  large,  it  is  our  opinion  that  a  bridge,  with  an 
op*'ning  of  from  250  to  300  feet  in  a  straight  current  like  that  in  front  of  this  city, 
would  be  no  detriment  to  us,  and  with  reasonable  care  exercised  by  the  master  of  the 
tug  towing  rafts  would  not  materially  add  to  the  risk  and  danger  of  towing. 

This  opinion  is  entirelit  concurred  in  Ij^v  Caj|t.  Thomas  Hackctt,  master  of  our  large 
tug  Vulcan.  Captain  Hackett,  who  has  sailed  a  tug  for  us  for  the  past  eleven  years, 
and  has  towed  over  200  raft-s  and  a  large  number  of  vessels,  entirely  concurs  in  this 
opinion. 

He  says  the  difficulties  and  dangers  of  passing  through  a  bridge  in  a  stniight  cur- 
rent and  deep  water  with  tows  of  vessels  would  be  very  much  less  than  that  of  enter- 
ing the  tSaint  Clair  Flats  Canal  with  its  shallow  watt^r,  and  especially  at  the  upper 
end  where  the  current  sets  outside  the  canal  both  ways. 

Believing  that  the  business  and  welfare  of  the  country  need  a  bridge  across  the 
river  at  this  point,  and  that  with  proper  care  exercised  by  masters  of  vessi»ls  such  a 
bridge  will  not  materally  add  to  tne  dangers  of  navigation,  we  very  respectfully  and 
most  earnestly  ask  you  to  report  in  favor  of  the  project  of  building  such  a  bridge. 
Very  respectfully, 

R.  A  Alger. 
M.  S.  Smith. 
To  the  Board  of  United  States  Engineers,  sitting  at  Detroit. 


No.    12 — ^LETTER    OF    JAMES    M'MILLAN,    CHAIRMAN    CITIZENS*    COMMITTEE,    DETROIT, 

giving  number  of  passengers,  passenger  and  baggage  cars,  crossing  at 
detroit,  from  year  1875  to  1879. 

Detroit,  Mich.,  Xorember  19,  1879. 

Gkntlemen  :  Refering  to  a  report  made  by  the  Citizens'  Committee  to  your  hon- 
orable Board  on  the  16th  October,  in  the  body  of  which  the  number  of  freight  cars  and 
tonnage  for  each  year  since  1875  inclusive  was  shown,  permit  me  on  behalf  of  said 
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committee  to  frapplement  the  report  above  referred  to  with  the  following  figiirM.  fa&T- 
ing  reference  to  tne  paesenger  businesd : 


Years. 

PaMenger- , 
c«re. 

B-«g^   P««pn 

1875 

13.168 
13,565 
12,076 
12,258 
12.600 

3, 866          191 TA 

1876 

4, 683  '        i09€» 

1877 

5. 143           I4fi  J-i 

187H 

3.873       ia.m 

4,200  1        lSL»f 

1879 , - 

• 

The  «bove  figiireH  are  official,  having  been  furnished  me  by  Mr.  Broaghton,  geoer^ 
manager  of  the  Great  Western  Railway. 
Yours  faithfully, 

Jas.  McMillan, 
ChairmaH  CitUem^  Comm%U«. 
To  the  Board  of  United  States  Engineers, 

In  re  proposed  Detroit  River  Bridge, 


No.  13.— ABSTRACT  SHOWING  NUMBER  OF  VESSELS  PASSING   WINDMILL  POINT  UGHT 
HOIT8R,    FORT  GRATIOT  LIGHT-HOUSE,  AND  THE  SAINT  CLAIR  FLATS  LOWER  UOHT. 

I 

Office  of  Light-Hoitse  Inspector, 

Eleventh  Dwtrict. 
Detroit,  Mich.^  JN'ormftw"  20,  lfC9. 

Dear  Sir  :  Ah  requested  in  your  communication  of  this  date,  I  inclose  herewith  -^ 
tabulated  Ktatenient  taken  from  the  quarterly  report*  of  the  keeper  of  Windmill  rui":' 
li^ht,  showing  the  number  and  kind  of  vessels  passing  that  station  duHug  the  y6J^ 
1«7H  and  1H79. 

I  would  su^^est  that  the  reports  of  the  keeper  do  not  embrace  all  the  vessels  tlu: 
pass  that  Htutiou,  for  there  being  only  one  keeper,  he  is  not  required  to  he  alwayx': 
watch,  and  many  vessels  no  doubt  pass  that  are  not  recorded. 

As  it  may  be  of  some  service  to  your  Board,  I  also  inclose  stat-ements  showius;  tV 
vessels  that  passed  the  Fort  Gratiot  and  Saint  Clair  Flat«  Canal  (lower)  lights <lurr. 
the  year  187?^,  and  from  the  oi)ening  of  navigation  to  June  30,  1879, 

The  report  of  ])assing  vess<»ls  is  now  n^de  annually  instead  of  quarterly  as  herrt  ► 
fore,  so  that  for  the  latter  stations,  I  have  information  only  np  to  the  date  nieotiflin  l 
but  for  Windmill  Point  a  special  report  was  made  by  the  keeper  up  to  November  1 
1?^9. 

I  consider  the  statement  for  Fort  Gratiot  li^ht  the  most  accurate,  as  there  are  tn- 
keepers  at  the  station  and  both  of  them  are  sailors,  who  take  an  interest  in  keepinsB 
correct  record  of  the  vessels  that  pass  their  light. 
Very  truly,  yours, 

J.  N.  Miller, 
Light-houte  Inspector,  Eleventh  IHftrid. 

Lieut.  Col.  W.  F.  Raynolds, 

Brevet  Brigadier-Generalf  U.  8.  A, 
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Office  of  Light-House  Inspector, 

Elevknth  District, 
Detroit,  Mich.,  Xovemher  20,  1879. 

Ah9tractfrom  keeper^ 8  reiwmB  of  veaaeU  passing  the  Windmill  Point  light-station  during  ths 
year  1878,  and  from  the  opening  of  navigation  to  Xovemher  I,  1879. 


First  qnarter,  1878  . 
Second  quarter,  1878 
Third  quarter.  1878  . 
Fourth  qnaner,  1878 

Total  for  1678 . 


First  ouarter,  1879  . . 
Second  quarter,  1879 
Four  months,  1879 ... 


ToUI  for  1879 


p 

ll 

1  .. 

928 

871  .. 
468  . 

Brigs. 

1 

• 

i 

1 

76 
1,758 
1,942 
1,081 

1 

1 

19 
223  1 

178  1 
77  1 

OS 

76 
2.260 
2,597 
1,641 

1 

"  "2 

172 
5,171 
5,688 
3,267 

2,268  1 

2 

4,857 

497  , 

6,674 

14,198 

896  1. 
729  , 

i 

1,865 
4,240 

124 

260  1 

2.24i 
4,901 

4,626 
10, 131 

1,125 

1 

6,105 

384 

7,142 

14, 757 

J.  N.  Miller, 
Commander,  United  States  Navy,  Inspector  Eleventh  District. 


Office  of  Light- riorsE  Inspector, 

Eleventh  District, 
Detroit,  Mich.,  Xovemher  20,  1879. 

Abstract  from  keeper's  returns  of  vessels  passing  Fort  Gratiot  light-station  during  the  year 

lt<78,  and  from  the  ojyening  of  nangation  to  June  30,  1879. 


First  onarter,  1878  . . 
St'conu  quarter,  1878. 
Third  quarter,  1878  . 
Fourth  quarter,  1878. 

Total  for  1878  . 


First  quarter,  1870. . . 
Second  quarter,  1879. 

Total 


4 

1,636 
1,787 
1,010 


4,437 


I 


229 
213 
111 


553 


1,598 


199 


1,598 


199 


17 

21 

3 


41 


8 


8 


S 


6 
2,608 
2,700 
1,624  , 


6,837 


2,107 


2,167 


E 

& 

• 

Scows 

1 
Stoani 

1 
Totala 

16 

70 

95 

429 

3.862 

8,781 

510 

3,930 

9,170 

199 

2,523 

5,370 

1,154 

10,394 

23,416 

•  •  •   •  •  • 

28 

28 

399 

8,215 

7,582 

399 

3,243 

7,610 

J.  N.  Miller, 
Commander  United  States  Xavy,  Inspector  Eleventh  District. 
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Office  of  Lioht-House  Inspector, 

Eleventh  District, 
Detroit  Mich.,  November  t20,  1{!79. 

Abstract  from  keeper's  returns  of  vessels  passing  Saint  Clair  Flats  Canal  lotcer  lighi^tatitn 
Ij  I        during  the  year  187H,  and  from  the  opening  of  navigation  to  June  30,  1879. 


II 

g  > 


First  aaarter,  1878    . 
Secona  quarter,  1878. 
Third  quarter,  1878  . . 
.Fourth  quarter,  1878 

Total  for  1878  . 

First  auarter,  1879  . . 
■Seoond  quarter,  1879 . 

Total 


S 

a 

s 


S 

S 


cc 


^ 

«« 
m 

r 


6 
2,114  , 
2,700  ' 
1.883 

41 
1,804 
1,900 
1,474 

5.279 

47 

17 
28 
20 

3,«5 
4.tt8 
3,357 

65 

6,683 

12.  <e: 

'       30 

2.192 

1,943 

4.165 

30 

2,192 

1 

1,943 

4,ie 

J.  N.  Miixer, 
Commander  United  States  Navy^  Inspector  Eleventh  IHstriet, 


No.  14. — resolution  of  the  buffalo  board  of  trade  against  a  bridge. 


'  Buffalo  Board  of  Trade, 

Buffalo,  N,  r.,  Xovember  20,  1879. 

At  a  meeting  of  members  of  tbe  Buffalo  Board  of  Trade  held  thiB  morning  on 
'change,  the  president,  Jewett  M.  Richmond^q.,  in  the  chair,  the  following  preamble 
and  resolutions  were  offered  by  Townsend  bavis,  esq.,  and  on  motion  nnanimou&lT 
adopted : 

Whereas,  the  Board  of  Trade  of  the  city  of  Buffalo  learn  that  a  commission,  empow- 
ered  by  Congress,  is  now  in  session  at  Detroit  for  the  purpose  of  determining  whether 
a  tunnel  under  the  Detroit  River,  or  a  bridge  across  that  stream,  shonld  be  built ;  and 
whereas  this  Board  regards  the  question  as  one  of  great  importance  to  the  commerof 
of  the  lakes  and  of  the  country ;  and  whereas  it  is  the  opinion  of  this  Board  that  the 
creation  of  a  bridge  across  the  river  would  be  an  obstruction  to  navigation,  and  in 
direct  opposition  to  the  principle  of  the  great  ordinance  by  which  it  was  proposed 
forever  to  establish  the  freedom  and  promote  the  facilities  of  commerce  upon  the 
great  waters  of  the  Northwest,  and  in  conflict  with  the  substance  of  that  decision  of 
the  Supreme  Court  of  the  United  States  declaring  the  international  character  of  thu$e 
waters,  and  as  a  practical  question  in  conflict  also  with  the  best  business  int'elligence 
of  the  country  :  Now,  therefore,  it  is 

Resolved,  That  in  the  opinion  of  this  Board  of  Trade  the  bridging  of  the  Detroit 
River  at  or  near  Detroit  would  be  a  great  injury  to  commerce  and  leading  hnsine^s 
interests  of  the  country ;  and  this  Board  most  earnestly  re<juests  the  commission  to 
report  in  the  strongest  terms  against  the  erection  of  such  bridge. 

Correct  extract  from  minute-book. 

William  Thurstone, 

Secretary, 
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•  A  A  3. 

BRIDGE  ACROSS  THE  MISSISSIPPI  RIVER  AT  FORT  SNELLING,  MINNESOTA. 

Engineer  Office,  United  States  Army, 

Saint  Paul^  Minn.,  March  3, 1880. 

General  :  I  have  tbe  honor  to  present  the  following  report  pertaining 
to  the  Fort  Snelling  Bridge,  its  completion  and  test.  The  act  of  Con- 
gress approved  June  20,  1878,  provides — 

That  the  sum  of  sixty-five  thousand  dollars  be,  and  the  same  is  hereby ^  appropri- 
ated out  of  any  money  in  the  Tr<'a«ury  not  otherwise  appropriated,  to  aid  in  the  con- 
struction and  completion  of  a  free  wa^on  bridge,  with  stone  abutments,  or  stoue  and 
iron  abutments,  and  inm  Huperstructnrc,  acroMS  the  MissiHsippi  River  at  or  near  Fort 
Suellinf;,  between  the  military  reservation  of  the  United  States  upon  which  said  fort 
is  situated  and  a  point  nearly  opposite  said  fort  in  the  county  of  Ramsey,  Minnesota: 
Proridedf  That  such  bridge  shall  be  constructed  without  the  expenditure  of  any  other 
or  greater  sum  of  money  from  the  Treasury  of  tbe  United  States :  Provided  aho.  That 
the  height  of  said  bridge  shall  be  at  least  Gti  feet  above  high-water  mark,  and  that  a 
span  ot  at  least  200  feet  in  the  clear  be  provided  from  the  right  or  Fort  Snelliog  bank 
of  said  river  toward  the  left  bank  thereof:  Provided  further ,  That  said  bridge  stiall  be 
and  forever  remain  a  public  highway,  fre«  to  the  Unit«d  States  of  America  and  to  all 
the  p€*ople  thereof. 

That  the  location  of  said  bridge,  and  the  plans,  specifications,  and  estimates  for  the 
construction  and  completion  thereof,  shall  be  approved  by  the  Secretary  of  War.  And 
whenever  the  said  bridge  shall  have  been  fully  completed,  as  hereinbefore  provided, 
optmed  to  travel,  and  irrevokably  dedicated  as  a  public  highway,  free  to  the  United 
States  of  America  and  all  the  people  thereof,  the  Secretary  of  the  Treasury-  shall  pay 
to  the  persons  entitled  to  receive  the  same  b^v  reason  of  the  construction  of  said  bridge, 
or  to  the  commissioners  authorized  to  build  said  bridge^  the  said  sum  of  sixty-five 
thousand  dollars,  which  sum  is  hereby  appropriated  for  said  purpose :  Provided^  That 
said  bridge,  when  constructed,  shall  be  kept  in  good  order  and  repair  by  the  county 
of  Ramsey,  Minnesota;  and  the  United  States  snail  never  be  liable  to  any  exiiense  in 
the  maintenance  or  repair  of  said  bridge. 

That  the  commissioners  authorized  to  build  said  bridge  under  a  special  act  of  the 
legislature  of  Minnesota,  entitled  **Au  act  to  authorize  and  provide  for  the  construc- 
tion of  a  free  bridge  across  the  Missis8ipi>i  River  at  or  near  Fort  Snelling,  and  to  lay 
out  suitable  roads  and  approaches  thereto,''  approved  March  second,  eighteen  hundred 
and  seventy-six,  and  the  acts  amendatory  thereof,  and  their  successors,  be,  and  they 
are  hereby,  authorized  to  abut  said  bridge  upon  the  lands  of  the  United  States  known 
as  the  Fort  Snelling  military  reservation,  and  to  construct  and  maintain  an  abutment 
thereon  for  said  bridge,  at  such  point  as  the  Secretary  of  War  shall  approve,  and  to 
survey,  locate,  open,  and  maintain  public  roa<ls  or  highways  from  said  bridge,  for 
which  purpose  a  right  of  way  not  exceeding  100  feet  in  width,  from  said  bridge,  across 
said  military  reservation,  upon  such  line  or  lines  as  the  Secretary  of  War  shall  direct 
or  approve,  is  hereby  given  and  granted  to  said  commissioners  and  their  successors. 

The  commissioners,  appointed  by  name,  by  an  act  of  the  legislature, 
chose  Mr.  J.  S.  Sewall  as  their  engineer.  He  drew  up,  under  the  direc- 
tion of  the  Board  of  Bridge  Commissioners,  a  set  of  general  specifica- 
tions which  were  submitted  to  a  Board  composed  of  Brigadier-General 
Terry,  commanding  the  Department  of  Dakota,  and  Major  and  Bvt. 
Maj.  Gen.  G.  K.  Warren,  Corps  of  Engineers,  who,  from  West  Point, 
made,  July  19, 1878,  a  report,  approving,  generally,  the  plans  and  spec- 
ifications as  submitted. 

•  •••••• 

By  letter  of  the  Chief  of  Engineers,  of  the  27th  of  July,  1878, 1  w£W 
assigned  to  the  general  supervision,  on  the  part  of  the  government,  of 
the  construction  of  the  bridge.  Ground  was  broken  for  the  bridge  be- 
fore I  was  able  to  visit  the  location. 

•  •••••• 

Mr.  Guy  Wells,  assistant  engineer,  was  detailed  from  this  office  to 
inspect  the  bridge  work  to  the  extent  of  securing  compliance  with  the 
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■specifications.  For  the  details  of  the  work  done  as  well  as  for  an  ander- 
standing  of  the  differences  that  occurred  from  time  to  time,  bet^^n  the 
Board  of  Bridge  Commissioners,  their  engineer,  and  myself,  I  would  re- 
fer to  my  several  letters  to  the  department  upon  that  subject  and  es- 
pecially to  my  letter  of  January  6,  1879,  accompanied  by  the  plans  of 
and  calculations  for  the  superstructure  adopted  by  the  Board  of  Com- 
missioners. 

The  masonry  work  was  finished  by  the  19th  of  June,  1879. 

Specifications  for  the  iron-work  ^the  superstructure)  and  invitations 
to  bid  for  the  same,  were  issued  in  August,  1878,  by  the  Boajxl  of  Bridge 
Commissioners  and  their  engineer,  the  dOth  of  September,  1878,  being 
named  as  the  day  for  opening  the  bids.  The  specifications  drawn  np 
by  the  bridge  engineer,  contained  only  genertd  stipulations  as  to  di- 
mensions, quality  of  material,  and  factors  of  safety.  Thirty-two  bids 
in  all  were  received.  The  Board  of  Bridge  Commissioners  awarded  the 
contract  to  H.  E.  Horton  &  Co.  Although  the  style  of  bridge  (deck  can- 
tilever) was  not  what  1  would  have  chosen^  I  stated  in  my  letter  of  the 
6th  of  January,  1879,  that  the  bridge,  if  built  as  indicated  in  the  speci- 
fications and  as  delineated  on  the  strain  sheets,  would  be  strong  enough. 
The  plan  was  approved  of  by  the  honorable  Secretary  of  War.  The 
original  specifications  (July  6, 1878)  required ; 

The  iron  saperstructure  to  be  so  proportioned  and  constmcted  that,  with  a  load  of 
1,800  pounds  per  linear  foot  upon  the  whole  or  any  part  thereof,  there  shall  be  no  ten- 
sile strain  upon  any  part  of  the  structure  exceedinfl:  12,000  pounds  per  square  inch, 
and  no  compressive  strain  exceeding  one-fourth  of  the  breaking  weight  of  the  part  u 
calculated  by  Gordon  s  formula. 

Gordon's  formula,  adapted  to  American  practice  (for  wrought  iron)  is: 

40000 
P  =  1  +     P 


40000  r« 
in  which — 
P  =  Strength  per  square  inch  in  pounds ; 
I  =  Length  in  inches ; 
r  =  Least  radius  of  gyration,  in  inches ; 

The  specifications  accompanying  the  advertisement  of  the  engineer 
of  the  bridge  (Mr.  J.  S.  SewaU)  stated  the  above  as  the  formula  to  he 
observed  in  calculating  strains  of  compression.  This  formula  has  vari- 
ous modifications ;  the  last,  and  probably  the  most  reliable,  are  those 
given  in  the  "general  specifications  for  a  wrought-iron  railway  draw- 
bridge to  be  erected  for  the  Chicago,  Milwaukee  and  Saint  Paul  Bail- 
way  Company  over  canal  in  the  city  of  Milwaukee  1879.^    They 


38500 
For  square  column,  flat  ends ^  ,  ^     H* 

58SV 
3^00 


For  square  column,  one  pin  end 


3000 

37900 
For  square  column,  two  pin  ends. 

19® 

4«00 

For  PhoBuix  column,  flat  ends ^  ,  ^     ff" 

4590 


1- 

(     ^    30< 

I  379( 
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40000 


For  Phosnix  colnmiiy  one  pin  end ^  l  -i.     ^* 

"^     2250 

36000 


\ 


1- 


For  PhcBnix  column,  two  pin  ends ^14-  _^* 

1500 

36500 
For  American  column,  flat  ends    S  i  j.  _1? 


3750 

36500 

For  American  column,  one  pin  end ^  ^  j_     H* 

^^250 


:^6500 

For  American  column,  two  pin  ends {  ^  _^    H* 

1750 

36500 


i ^ 

1- 


For  common  column,  flat  ends s  i   i      H' 


2700 
36500 


1- 

(     ^     12 


For  common  column,  one  pin  end ^  ,  _^     H* 

1500 

36500 

For  common  column,  two  pin  ends ^  i^     11^ 

1200 

The  pin  being  so  placed  that  the  moment  of  inertia  is,  as  near  as  practicable^  equal 
on  both  sides  of  same ;  use  formula  for  square  column.  The  maximum  strain  per- 
mitted in  any  purely  compressive  member  will  be  the  quotient  resulting  from  dividing 
the  ultimate  strength,  as  determined  by  the  above  formula,  by  a  co-eflicient  of  safety 

5  H 
equal  to  4  -f  ^7^./'  H,''  as  before,  being  the  measure  of  length  in  terms  of  least  diameter. 

The  speciiicatioiis  prepared  by  the  bridge  engineer  provided  for  a 
wind  force  of  60  poands  per  square  foot  of  superstructure.  The  floor 
members,  and  other  members  supporting  the  load  of  one  panel  only,  not 
to  be  strained  to  more  than  one-flfth  of  their  breaking  weight  by  a  load 
(live)  of  100  pounds  per  square  foot.  Sheaving  strains  upon  pins  or 
rivete  not  to  exceed  8,000  pounds  i)er  square  inch.  All  iron  subjected 
to  tension  to  have  an  elastic  limit  exceeding  25,000  pounds  per  square 
inch,  and  to  be  capable  of  bending  short  at  least  90^  without  breaking. 

The  strain  upon  the  outer  fibers  of  the  supporting  pins,  stated  in  terms 
of  the  areas  of  cross-section  of  the  pins,  was  not  touched  upon  in  the  specifi- 
cations. The  rule  and  formula  for  calculating  this  pin  strain  is  a  conven- 
tional one  amongst  engineers,  and  has  only  of  late  years,  through  the 
eftorts  of  most  distinguished  bridge  engineers,  received  i)roper  atten- 
tion. Specifications  for  bridges  that  required  large  factors  of  safety, 
for  tensile  strains,  have  so  ignored  pin  strains  as  to  admit  of,  for  the 
tensile  strain  upon  the  outer  fiber,  as  high  as  50,000  to  60,000  pounds 
per  square  inch  of  cross-section  of  pin.  while,  at  the  same  time,  no  ten- 
sile strains  upon  ties,  &c.,  were  allowea  to  exceed  one-fifth  of  the  break- 
ing weight.  Still,  as  the  formula  for  deducting  the  sum  of  the  bending 
moments  upon  a  pin  is  conventional  and  very  safe,  engineers  have,  to 
date,  allowed  the  theoretical  tensile  strain  upon  the  outer  fiber  to 
exceed  tensile  strains  upon  other  members  by  50  per  cent.  In  the  case 
of  the  specifications  for  the  Milwaukee  draw-bridge,  above  referred  to. 
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a  specimen  of  highest  American  practice,  the  allowable  strains  ujwn 
tensile  members  are  stated  as  follows : 

For  tensile  strains  in  primary  members  of  the  truss,  or 
those  upon  which  the  principal  weight  comes  directly 

from  the- floor-beam  H,  000  jMrnndH  per  square  inch. 

For  strains  in  secondary  members,  or  those  which  re- 
ceive their  principal  strains  through  the  pi  imaries. .  9, 000  pounds  per  square  inch. 

Strains  in  tertiary  members 10, 000  i»oundB  per  square  inch^ 

&c. 

And  the  strains  on  extreme  fibers  of  pins,  caused  by  bending,  not  to 
exceed  15,000  pounds  per  square  inch,  and,  in  determining  this  bending 
strain,  the  leverage  distance  to  be  considered  as  from  center  of  eye-bar 
to  center  of  bearing  or  of  opposite  eye-bar.  The  tensile  strain  on  outer 
fiber  is  allowed  to  be  50  per  cent,  more  than  on  the  tie-bars,  &c. 

The  contractors  for  the  superstructure  made  their  own  bargains  with 
the  Keystone  Bridge  Company,  of  Pittsburgh,  Pa.,  for  the  iron.  Coo- 
sidering  it  as  necessary  to  have  the  shop  tests  superintended  by  some 
person  in  whose  reports  confidence  could  be  placed,  I  informed  the  Board 
of  Bridge  Commissioners  that  such  should  be  provided  for.  They  re- 
quested me  to  nominate  a  person,  to  be  paid  by  themselves.  Colonel 
Merrill,  to  whom  I  applied,  kindly  named  Mr.  Charles  Davis.  He  was 
accordingly  employed  by  the  Board  of  Bridge  Commissioners.  His  re- 
ports are  clear,  satisfactory,  and  highly  interesting.  If  time  permits,  I 
hoi^e  to  be  able  to  tabulate  his  and  other  inspection  reports. 

The  contract  between  Horton  &  Co.  and  the  Bridge  Commissioners 
provided  for  the  superstructure  to  be  finished  by  September  1, 1879,  and 
requiring  a  forfeiture  of  $25  per  day  for  each  and  every  day  after  that 
date  that  the  completion  of  the  superstructure  was  delayed. 

From  various  causes  the  completion  of  the  superstructure  was  delayed 
until  the  end  of  January,  1880.  Occasionally  a  small  lot  of  iron  reached 
the  ground ;  the  advance  in  prices  of  iron  following  the  increased  demand 
for  the  same  doubtless  embarrassed  the  contractors  somewhat.  But  the 
local  press,  the  people,  and  the  garrison  at  Fort  Snelling  demanded  the 
early  completion  of  the  structure.  Governed  by  these  considerations, 
by  the  delay  in  finishing  the  work,  and  the  almost  daily  report  that 
the  superstructure  was  about  to  be  finished,  and  feeling  the  grare  re- 
sponsibility of  certifying  to  the  sum  of  $65,000  of  public  money ;  and, 
furthermore,  expecting  to  be  absent  from  Saint  Paul  more  or  less  during 
the  winter,  I  directed  Assistants  J.  P.  Frizell,  Guy  Wells,  and  C.  J.  A. 
Morris  of  my  office  to  keep  themselves  fully  informed  as  to  the  progress 
of  the  bridge,  to  test  it  when  pronounced  completed,  to  review  at  length 
the  whole  history  of  the  bridge,  and  to  make  report  thereon.  I  required 
a  test  live  load  to  be  placed  upon  the  bridge  of  1 ,800  pounds  per  linear  foot. 
Ice  was  found  to  be  the  most  convenient  material  with  which  to  load  the 
bridge.  A  cubic  foot  of  ice  weighs  about  57.2  x)ounds.  Ice,  when  cord- 
ed up  in  blocks  as  for  sale,  is  averaged  at  about  47  pounds  per  cubic  foot. 
I  was  absent  in  Washington  when  the  tests  were  made,  but  I  had  pre- 
viously given  specific  instructions  as  to  placing  the  rod.  Mr.  Charles 
Wanzer,  assistant  engineer,  rendered  efficient  service  in  making  the  final 
tests. 

It  was  agreed  between  the  bridge  engineer  (Mr.  Sewall)  and  myself 
that  the  deflection  should  not  exceed  the  y^Vr  part  of  the  length  of 
span. 

The  report  of  the  board  of  assistants  appointed  by  me,  and  the  tracing 
of  test  sheet  herewith,  will  fully  explain  the  nature  and  extent  of  the 
tests  which  showed  the  bridge  to  be  sufficiently  ^^stiffJ*    The  wind-pres- 
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Rure  allowable  was  placed  at  50  pounds  per  square  foot  (represented  by 
wind  velocity  of  100  miles  per  hour).  The  highest  velocity  recorded  at 
Saint  Paul  sinco  the  establishment  here  of  the  United  States  Signal 
Station  is,  I  am  told,  a  velocity  affording  about  13  pounds  pressure  per 
square  foot.  The  common  practice,  in  calculating  for  wind-pressure,  is 
to  regard  the  wind  as  passing  between  the  web-members  and  acting 
with  the  same  force  upon  the  web-members  upon  the  opposite  truss. 
Where  the  web-members  exposed  flat  surfaces  the  factor  (50  pounds)  was 
doubled. 

Where  the  surfaces  were  curved  (circular)  the  factor  was  not  doubled. 
Where  the  wind  would  be  fairly  checked  and  not  allowed  to  '^pass 
through,"  50  pounds  was  taken  as  the  factor.  The  sum  of  the  partial 
moments  tending  to  overturn  the  structure  was  less  than  the  momeint 
of  gravity,  understanding  by  the  latter  term  the  product  of  the  weight 
of  the  superstructure  into  one-half  its  width  of  base,  or  overturning  mo- 
ment, <  moment  of  gravity. 

Calculations  for  the  resistance  of  the  superstructure  to  lateral  motion 
(bodily)  under  wind-pressure  were  also  made.  The  product  of  the  weight 
by  the  coefficient  of  friction  exceeded  the  lateral  wind-pressure  expressed 
in  pounds.  But  to  insure  safety^  a  flange  of  wrought-iron  was  placed 
around  the  bed-plate  on  each  main  pier.  And  to  insure,  further,  the 
safety  of  the  three  long  spans,  the  ends  of  the  135  feet  and  181^  feet 
spans  have  been  anchored  into  the  piers,  and,  furthermore,  one  of  the 
sway-braces  at  each  pier  has  been  lengthened  and  anchored,  into  the 
l)ier.  In  the  case  of  a  continuous  structure,  vibritions  caused  by  blows 
or  impact  at  any  point  are  perceived,  generally,  throughout  the  length 
of  the  structure,  and  frequently  erroneous  notions  as  to  its  strength 
gain  credence.  Again,  the  270  feet  span,  being  supported  solely  by 
pins,  may  vibrate  somewhat  after  the  manner  of  a  pendulum  under 
heavy  gusts  of  wind.  But  for  vibration  to  exert  its  maximum  effect 
the  periods  of  vibration  must  coincide  with  the  x)eriods  between  impact. 

The  bridge  is  probably  the  strongest  wagon  bridge  in  this  vicinity, 
although  without  merit  as  to  architectural  effect.  It  will  withstand 
all  but  such  extraordinary  gales  or  hurricanes  as  defy  engineering  skill 
and  which  occasionally  visit  the  Mississippi  Valley.  The  finsd  test  was 
a  severe  one. 

The  report  of  the  board  of  assistants  appointed  by  me  is  forwarded 
herewith,  as  it  contains  a  narrative  of  the  work.    I  also  forward  a  tracing 
showing  the  results  of  the  tests  made  under  my  direction. 
Very  respectfully,  your  obedient  servant, 

Ghas.  J.  Allen, 
Captain  of  Engineers. 

Brig.  Gen.  H.  6.  Wright, 

Chief  of  Engineers^  CT.  8.  A. 
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Pagan  Creek,  Va.,  improvement  of 

Pamlico  River,  N.  C,  improvement  of 
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